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Preface

It is a pleasure to introduce this national guideline on Type 1 diabetes in adults, commissioned

by the National Institute for Clinical Excellence (NICE) to identify best practice for the NHS in

the management of Type 1 diabetes. It is the fourth such guideline to be prepared by the

National Collaborating Centre for Chronic Conditions (NCC-CC) based at the Royal College

of Physicians of London.

Type 1 diabetes can, if poorly controlled, produce devastating problems in both the short and

the long term. Good control of blood glucose levels reduces the risk of these problems arising,

but can be very difficult for patients and carers to achieve. This guideline emphasises that the

NHS should provide all patients with the means – and the necessary understanding – to control

their diabetes, and that it should help patients integrate the disease management with their

other activities and goals. It argues that every person with diabetes should be able to develop

their own care plan and utilise effective treatment in a way agreeable to them. The input of

various health professionals may be needed to achieve this, and should be readily available.

A system of regular monitoring, so that any complications which do develop are picked up at

an early stage and treated appropriately, should also be provided.

In common with all NICE guideline recommendations, those for Type 1 diabetes have been

developed using a rigorous, evidence-based methodology. An extensive search identified the

relevant medical literature, and papers were carefully assessed to ensure that recommendations

were based on treatment and practice of proven benefit. This process was carried out by a

guideline development group (GDG), a small team from the NCC-CC working together with

patients and health professionals with wide expertise in Type 1 diabetes. They have used the

available evidence to produce guidance that is clinically relevant as well as methodologically

sound. The availability of clinical expertise also allowed recommendations to be made in areas

for which there is inadequate evidence, but which are important to patients and carers. At the

same time the need for further research in these areas was indentified.

It goes without saying that the members of the GDG deserve enormous thanks for their efforts.

The technical team at the NCC-CC, the GDG Lead, the Clinical Advisor and the rest of the

group have all worked incredibly hard over the past two years, and have been most generous

with their time. Thanks are also due to all those who commented on the guideline at various

stages of development. Since I have assumed the directorship of the NCC-CC only at the very

end of this process, I can say without any self-aggrandisement that they have done a

magnificent job. This full guideline is both an excellent clinical reference work and a practical

working document which will improve the care of those with Type 1 diabetes.

Bernard Higgins MD FRCP
Director, National Collaborating Centre for Chronic Conditions



Glossary

ACE inhibitor Angiotensin-converting enzyme inhibitor.

ADA American Diabetes Association.

AER Albumin excretion rate; a measure of kidney damage due to diabetes (and other
conditions) and a risk factor for arterial disease.

Albuminuria The presence of albumin and other proteins in urine.

Alpha-glucosidase Group of drugs which inhibit the digestion of complex carbohydrates in the gut, 
inhibitors and thus flatten the post-meal blood glucose excursion.

AMIDA Active meal-time insulin dose adjustment (see DAFNE).

Autoimmune disease Condition in which a persons own tissues become the target of attack by their
immune system.

Basal-bolus insulin A meal-time + basal insulin regimen, in which short- or rapid-acting insulin is 
regimen given before meals, and an extended-acting insulin to cover requirements at night

and sometimes between meals. 

BGAT Blood glucose awareness training.

BMI Body mass index; an index of body weight corrected for height.

CDA Canadian Diabetes Association.

CGMS Continuous glucose monitoring systems.

CMAP Compound muscle action potential.

Cochrane review The Cochrane Library consists of a regularly updated collection of evidence-based
medicine databases including the Cochrane Database of Systematic Reviews (reviews
of randomised controlled trials prepared by the Cochrane Collaboration). 

Concordance Concordance is a concept reflecting the extent to which a course of action agreed
between clinicians and a person with diabetes is actually carried out; often but not
solely used in the sense of therapeutic interventions or behavioural changes.

COPD Chronic obstructive pulmonary disease.

Cost-effectiveness Comparative analysis of the costs and health benefits of the treatment or care. In cost
effectiveness analysis, the outcomes of different interventions are converted into
health gains for which a cost can be associated, for example, cost per diabetic
complication prevented.

C-peptide Biologically inactive part of proinsulin molecule, secreted in equal molar quantities
with insulin. C-peptide level gives information on endogenous insulin secretion.

CRG Consensus Reference Group.

CSII Continuous subcutaneous insulin infusion; insulin therapy delivered by a pump
rather than injection.

DAFNE Dose adjustment for normal eating; a recent adaptation of a system of self-adjustment
of meal-time insulin dose requirement based on assessment of intended food intake. 

DCCT Diabetes Control and Complications Trial; a landmark study of the effects of
intensification of diabetes care on development of microvascular complications.

Deep subcutaneous Layer of subcutaneous fat into which insulin has to be injected for optimal effect.
fat

Diabetes centre A generic term for a source of a unified multidisciplinary diabetes service.
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Diabetes mellitus Chronic condition characterised by elevated blood glucose levels. Diabetes is of diverse
aetiology and pathogenesis, and should not be regarded as a single disease.
Predominant types are Type 1 diabetes and Type 2 diabetes, diabetes secondary to other
pancreatic disease or other endocrine disease, and diabetes of onset in pregnancy.

Diabetes register A database, at practice, clinic or regional level, including all people diagnosed with
diabetes, and containing information on outcomes, complication recall and
surveillance, and treatments.

Diabetes UK Self-help charity for people with diabetes in the UK, and a professional organisation
for diabetes care.

DKA Diabetic ketoacidosis.

DSME Diabetes self-management education.

ECG Electrocardiogram.

Education In the context of this guideline, patient education in self-management of everyday
diabetes issues like insulin therapy, dietary changes, self-monitoring of glucose level,
physical exercise, foot care, coping with concurrent illness, how to avoid
hypoglycaemia, complications, arterial risk control, jobs and travel.

ELISA Enzyme-linked immunosorbent assay.

EmAb Anti-endomysial antibodies.

FBG Fasting blood glucose level or concentration.

Framingham A widely known and used calculation of arterial risk, derived from a long-term study 
equation in Framingham, Massachusetts. Not valid in people with Type 1 or Type 2 diabetes.

Fuzzy logic A logical computing technique, here as used to control insulin infusion on the basis
of degrees of certainty of measurements.

GA Anti-gliadin antibodies; used in the detection of coeliac disease.

GDG Guideline Development Group.

GFR Glomerular filtration rate; a measure of kidney function.

GHb Glycated haemoglobin, see HbA1c.

Glucose excursions Change in blood glucose levels especially after meals.

Grade (of A code (eg A, B, C) linked to a guideline recommendation, indicating the strength 
recommendation) of the evidence supporting that recommendation. The grading does not indicate the

importance of the recommendation, nor the certainty of it being true.

HbA1c The predominant form of glycated haemoglobin, present in red blood cells, and
formed when the normal haemoglobin A reacts non-enzymatically with glucose. As
the reaction is slow and only concentration dependent, the amount of HbA1c formed
is proportional only to the concentration of HbA and glucose. As HbA remains in the
circulation for around three months, the amount of HbA1c present, expressed as a
percentage of HbA, is proportional to the glucose concentration over that time. 

HPLC High performance liquid chromatography; one method used in the measurement of
HbA1c.

HTA Health technology assessment; funded by the NHS Research and Development
Directorate.

ICA Islet cell antibodies (see islet B cells).

IDF International Diabetes Federation; a global federation of diabetes associations.

IgA Immunoglobulin A.

IGT Impaired glucose tolerance; a condition of hyperglycaemia less marked by diabetes
but association with a high risk of arterial damage.

x
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Insulin analogues A derivative of human insulin in which change of the amino-acid sequence alters
duration of action after injection.

Insulin regimen A therapeutic combination of different insulin preparations, including time of
injection and frequency during a day.

ISDN Isosorbide dinitrate.

Islet B-cell; Located in the islets of Langerhans of the pancreas, the cells which produce insulin.
sometimes ββ-cells

Isophane insulin A synonym for NPH (neutral protamine Hagedorn) insulin.

ISPAD International Society for Paediatric and Adolescent Diabetes.

Lente insulin A basal insulin, made by combining insulin with large amounts of zinc; first available
in 1951.

MCV Motor conduction velocity.

MDI Multiple daily injections (see basal-bolus insulin regimen).

Metabolic syndrome Overweight (abdominal adiposity), insulin insensitivity, higher blood pressure,
abnormal blood fat profile.

Methodological Features of the design or reporting of a clinical study which are known to be 
limitations associated with risk of bias or lack of validity. Where a study is reported in this

guideline as having significant methodological limitations, a recommendation has not
been directly derived from it.

Microalbuminuria A low but clinically significant level of albumin and other proteins in the urine.

MNCV Motor nerve conduction velocity.

MODY Maturity onset diabetes in the young, a dominant gene disorder, not to be confused
with Type 1 diabetes, and not insulin dependent.

Multidisciplinary Team of people of differing expertise; for diabetes care with expertise in patient 
team education, prevention, therapy, management of complications, foot care, diet,

counselling and the like.

NCC-CC The National Collaborating Centre for Chronic Conditions, set up in 2000 to
undertake commissions from NICE to develop clinical guidelines for the NHS.

NHS National Health Service. This guideline is written for the NHS in England and Wales.

NICE National Institute for Clinical Excellence; a special health authority set up within the
NHS to develop appropriate and consistent advice on health care technologies, and to
commission evidence-based guidelines.

NPH insulin Neutral protamine Hagedorn insulin, a basal insulin, named after the Danish
researcher Hans Christian Hagedorn, and developed in the 1940s. Synonymous with
isophane insulin.

NPT Near patient testing.

NSC National Screening Committee (UK).

NSF National Service Framework; a nationwide initiative designed to improve delivery of
care for a related group of conditions.

OGTT Oral glucose tolerance test; a diagnostic test sometimes used in people with equivocal
diabetes.

PDE5 inhibitors Phosphodiesterase type 5 inhibitors, a class of drugs developed in recent years to treat
erectile dysfunction.

PPAR-γγ agonists A group of drugs which improve insulin sensitivity in people with reduced sensitivity
to their own or injected insulin; presently the licensed drugs are both of the chemical
group known as thiazolidinediones (trivially ‘glitazones’).
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PROCAM Prospective Cardiovascular Münster Heart Study – an epidemiological study
performed in Germany.

Proteinuria The presence of protein in the urine.

QALY Quality-adjusted life year; a measure of a person’s quality of life, used here in the
sense of loss of quality through disease, and gain in quality through health care
interventions. 

RCT Randomised clinical trial; a trial in which people are randomly assigned to two (or
more) groups: one (the experimental group) receiving the treatment that is being
tested, and the other (the comparison or control group) receiving an alternative
treatment, a placebo (dummy treatment) or no treatment. The two groups are
followed up to compare differences in outcomes to see how effective the experimental
treatment was. Such trial designs help minimise experimental bias.

RDW Red cell distribution width.

Rigiscan An instrument used in research to measure penile tumescence and rigidity.

SIGN Scottish Intercollegiate Guidelines Network.

SNAP Sensory nerve action potential.

SWM Semmes-Weinstein monofilament.

Technology Formal ascertainment and review of the evidence surrounding a health technology, 
appraisal restricted in the current document to appraisals undertaken by NICE.

Type 1 diabetes Insulin-deficiency disease, developing predominantly in childhood, characterized by
hyperglycaemia if untreated, and with a consequent high risk of vascular damage
using developing over a period of decades.

Type 2 diabetes Diabetes generally of slow onset mainly found in adults and in association with
features of the metabolic syndrome. Carries a very high risk of vascular disease. While
not insulin-dependent, many people with the condition eventually require insulin
therapy for optimal blood glucose control. 

UKDIABS A large study/initiative of the collection of outcomes and process data from diabetes
care services throughout the UK.

UKPDS United Kingdom Prospective Diabetes Study – a landmark study of the effect of
different diabetes therapies on vascular complications in people with Type 2 diabetes.

VO2max The oxygen consumption of a person exercising maximally.

VPT Vibratory perception threshold.

WHO World Health Organization.

xii
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1 Introduction

The word ‘diabetes’ refers to a group of disorders with a number of common features, of which

raised blood glucose is the most evident. In England and Wales the three most common types

of diabetes are:

● Type 1 diabetes

● Type 2 diabetes

● gestational diabetes (diabetes of pregnancy).

This guideline is concerned only with Type 1 diabetes. The underlying disorder is that of a pure

hormone deficiency disease: lack of insulin. Because hormone replacement with insulin therapy

is suboptimal, and despite the implementation of lifestyle and disease management measures,

acute and long-term complications are endemic. 

In people whose diabetes is untreated, glucose metabolism may be sufficiently disturbed to

cause symptoms, typically of polyuria, thirst, weight loss and fatigue. With further worsening,

diabetic coma (ketoacidosis) may occur due to disturbed fat metabolism.

Because insulin therapy, problematically, can give rise to high and low blood glucose levels,

people with diabetes have to engage in a high level of self-care to contain the risk of acute and

late complications. 

The main complications of diabetes in the longer term are:

● eye, kidney, and nerve damage

● arterial disease affecting the heart, brain and feet.

In many people with Type 1 diabetes, abnormalities of blood pressure and blood lipids also

develop, particularly in association with diabetic kidney damage. In such people there is a very

high risk of premature arterial disease.

1.1 Definition

The Guideline Development Group (GDG, see 2.2) worked to the World Health Organization

(WHO) definition of Type 1 diabetes, 

a condition of deficiency of insulin secretion from the pancreas, usually due to auto-immune
damage of the insulin producing cells. However the clinical condition is generally recognised on the
basis of diabetes (high blood glucose levels) occurring in mainly younger and thinner people in the
absence of other precipitating causes.8

The GDG were, however, conscious that some people with evident Type 1 diabetes and thus

absolute insulin deficiency, also have insulin insensitivity in the context of the metabolic

syndrome (overweight, insulin insensitivity, higher blood pressure, abnormal blood fat profile). 

It was noted that Type 2 diabetes in the young, and the condition known as maturity onset

diabetes in the young (MODY), should not be confused with Type 1 diabetes. This is mainly an

issue of definition of Type 2 diabetes or MODY rather than Type 1 diabetes. Some conditions

of pancreatic damage have a similar phenotype to Type 1 diabetes, but these are usually obvious

and of little consequence to the management of the diabetes, so are not considered further. 
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1.2 Health and resource burden 

Type 1 diabetes can result in a wide range of complications, and these affect both the individual

patient and the National Health Service. The economic impact of the disease includes:

● direct cost to the NHS

● indirect cost to the economy, including the effects of early mortality

● personal impact of diabetes and subsequent complications on patients and their families. 

The direct cost of Type 1 diabetes to the NHS was estimated to be £96m in 1992 prices,1 which

corresponds to approximately £167m at 2001 prices and population levels. The GDG adjusted

this figure, using more recent data and expert judgement, to correct for the underestimate of

some components2,3 and to reflect changes in standard treatment, and arrived at a figure of

£212m in 2001 prices. The figure includes:

● renal replacement therapy costs of £38m

● outpatient support costs of £50m

● hospitalisation costs of £65m. 

Whilst the indirect costs of diabetes are difficult to quantify, in 1992 the costs in terms of lost

productivity were estimated to be slightly higher than the direct costs of Type 1 diabetes.1

1.3 Scope

The recommendations in the guideline are subject to a number of limitations. The sponsoring

authority, NICE, is primarily concerned with health services in England and Wales, so the

guideline only indirectly refers to:

● social services

● the voluntary sector

● employers

● services supplied by secondary and tertiary specialties for the late complications of

diabetes (for example renal, cardiological, urological and opthalmological services)

● the education sector (including schools and universities)

● others concerned with an individual’s health, rather than healthcare.

Nonetheless, the importance of other agencies must not be ignored, and in each locality the aim

should be to integrate care for people with Type 1 diabetes across all relevant sectors.

A pre-agreed scope (see Appendix C) defined the remit of the guideline and specified which

aspects of Type 1 diabetes would be included and excluded. The scope had been through

stakeholder consultation in accordance with processes established by NICE4 before the

development of the guideline began, and covered both a children’s guideline and this guideline

for adults. It specified that the groups to be covered were to include babies, children,

adolescents, adults, and older people with Type 1 diabetes.

Because NICE is considering developing a separate guideline on diabetes in pregnancy, the

scope did not cover:

● the management of women with diabetes who wish to conceive or who are pregnant

● the management of women who develop diabetes during pregnancy.

4
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The guideline scope covered the following health settings: 

● care received from primary and secondary healthcare professionals who have direct

contact with and advise on the care of people with Type 1 diabetes

● the interface between community and specialist care, including the circumstances in

which people should be referred or admitted to specialist care both within diabetes care

and to other specialties

● the interface between children’s and adult services 

● support/advice that the NHS should offer to crèches, nurseries, schools and other

institutions.

The scope also details the aspects of clinical management to be addressed (see Appendix C).

1.4 Other relevant work

This guideline has been developed with the knowledge that other national work on diabetes has

been completed or is in progress. Work on diabetes not commissioned by NICE includes:

● the National Service Framework for diabetes, developed by the Department of Health

(www.dh.gov.uk)

● an information strategy, developed by the NHS Information Authority

(www.nhsia.nhs.uk/phsmi/datasets/pages/diabetes.asp)

● guidance on health outcome indicators, developed by the National Centre for Health

Outcomes Development5

● a system of national clinical audit, set up by the Commission for Health Improvement

(www.nhsia.nhs.uk/ncasp/pages/default.asp)

● a report for HM Treasury which aims to provide an evidence-based assessment of long-

term resource requirements for the NHS, and includes information on diabetes

(Chapter 6). Securing our future health: taking a long-term view, also known as the

First Wanless Report, is available from (www.hm-treasury.gov.uk/
consultations_and_legislation/wanless/consult_wanless_final.cfm)

NICE has commissioned these other guidelines on diabetes:

● Type 2 diabetes (completed):

– guideline E, retinopathy

– guideline F, renal disease prevention and early management

– guideline G, blood glucose management and patient education

– guideline H, blood pressure and blood lipid management

– guideline 10, foot care (updated).

NICE has commissioned the following technical appraisals relevant to diabetes:

● Type 1 and Type 2 diabetes (completed):

– appraisal 53, long-acting insulin analogues

– appraisal 57, insulin pump therapy

– appraisal 60, patient education models

5
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● Type 2 diabetes (completed):

– appraisal 9, rosiglitazone

– appraisal 21, proglitazone

– appraisal 63, glitazones

● Type 1 and Type 2 diabetes (completed):

– appraisal 71, coronary artery stents

– appraisal 73, myocardial perfusion scintigraphy

● Type 1 and Type 2 diabetes (in development):

– coronary events: statins.

6
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2 Methodology

2.1 Aims and principles

This chapter describes the resources and techniques used to reach the clinical recommendations

in this guideline.

Clinical guidelines have been formally defined as ‘systematically developed statements to assist

both practitioner and patient decisions in specific circumstances’.6 This guideline aims to offer the

best practice advice on the care of adults (defined as those aged 18 years or older) with Type 1

diabetes. It gives guidance on the management, monitoring and support of people with Type 1

diabetes. The context of the intended guidance is the primacy of the needs of the individual with

diabetes, reflecting the difficulties of reconciling the problems of insulin replacement therapy with

personal lifestyles.

The current guideline is aimed at helping all healthcare professionals provide optimal services

for people with Type 1 diabetes by: 

● providing healthcare professionals with a set of explicit statements on the best known ways

to assist people with diabetes with their most common clinical problems, while maximising

the effectiveness of the service in supporting the population with Type 1 diabetes

● giving commissioning organisations and provider services specific guidance on the best

way to provide complex services in a way that maximises efficiency and equity (service

organisation is, however, outside the scope of this clinical guideline)

● informing people with diabetes of the optimal methods for helping them self-manage

their diabetes.

Others, including the general public, may find the guideline of use in understanding the global

and clinical approach to Type 1 diabetes. Separate short-form documents for the public and for

healthcare professionals are available; they summarise the recommendations without giving full

details of the supporting evidence.

The main principles behind the development of this guideline are that it should:

● consider all the most important issues in the management of people with Type 1 diabetes

using published evidence wherever this is available

● be useful to and usable by all professionals

● take full account of the perspectives of the person with Type 1 diabetes and their carers

● indicate areas of uncertainty or controversy needing further research.

2.2 The developers

s The National Collaborating Centre for Chronic Conditions

The National Collaborating Centre for Chronic Conditions (NCC-CC) is housed by the Royal

College of Physicians (RCP) but governed by a multiprofessional partners board, which

includes patient groups and NHS management. It was set up in 2000 to undertake commissions

from the National Institute for Clinical Excellence (NICE) to develop clinical guidelines for the

NHS in England and Wales.

7



s The technical team

The technical team consisted of:

● an information scientist

● a health services research fellow

● a clinical advisor

● a health economist

● the chair of the Guideline Development Group (GDG)

● a project manager

and was supported by administrative personnel. It took part in the GDG meetings, and also met

separately each month.

s The Guideline Development Group

The GDG met monthly for 10 months to review the evidence identified by the technical team,

to comment on its completeness and to develop and refine clinical recommendations based on

that evidence and other considerations. 

Editorial responsibility for this guideline rests solely with the GDG.

Nominations for group members were invited from various stakeholder organisations, which

were selected to ensure an appropriate mix of clinical professions and patient groups. These

made up the Consensus Reference Group (CRG, see below) and from their members the GDG

was selected to represent the groups involved in the day-to-day management of Type 1 diabetes.

It included two representatives of people with Type 1 diabetes. Each nominee was expected to

serve as an individual expert in their own right and not as a mandated representative, although

they were encouraged to keep their parent organisation informed of the process. Group

membership details can be found at the front of this document. 

All group members made a formal ‘declaration of interests’ at the start of the guideline

development and provided updates throughout. The NCC-CC and the GDG Chair monitored

these.

s The Consensus Reference Group

The larger Consensus Reference Group (CRG) met twice during the process, once early in the

development to ensure the aims and clinical questions (see Appendix A) were appropriate, and

again at the end of the process to review the validity of the recommendations drafted by the

GDG. The formal consensus technique used for this purpose was developed by the NCC-CC

and is a modification of the RAND Nominal Group Technique.

s Involvement of people with Type 1 diabetes

The NCC-CC believes that the views of people with diabetes and their carers are an integral part

of the development process of a guideline on Type 1 diabetes. Patient organisation

representation (Diabetes UK) was secured on the Guideline Development Group and included

a non-healthcare professional with Type 1 diabetes. People with diabetes were also present as

part of the GDG and CRG and were involved at every stage of the guideline development

process.
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2.3 Searching for the evidence

There were four stages to evidence identification and retrieval:

1 The technical team set out a series of specific clinical questions (see Appendix A) that

covered the issues identified in the project scope. The CRG met to discuss, refine and

approve these questions as suitable for identifying appropriate evidence from within the

published literature. 

2 A total of 74 questions were identified. The technical team and project executive agreed

that a full literature search and critical appraisal process could not be undertaken for all

of these areas due to the time limitations of the guideline development process. The

technical team identified questions where it was felt that a full literature search and

critical appraisal were essential. Reasons for this included an awareness of new or unclear

evidence, or a particular clinical need for evidence-based guidance in the area.

3 The information scientist, with the assistance of the clinical advisor, developed a search

strategy for each question to identify the available evidence. Identified titles and abstracts

were reviewed for relevance to the agreed clinical questions and full papers obtained as

appropriate. These were assessed for inclusion according to predefined criteria as

developed by the Scottish Intercollegiate Guidelines Network (SIGN).

4 The full papers were critically appraised by the health services research fellow and the

pertinent data entered into evidence tables. These were then reviewed and analysed by the

GDG as the basis upon which recommendations were formulated. 

Due to the large amount of literature potentially relevant to Type 1 diabetes, the inclusion

criteria aimed to limit the included studies to those of a higher level (see 2.6) conducted

primarily in people with Type 1 diabetes. Where these were not available, lower-level studies,

well-conducted studies outside Type 1 diabetes (in Type 2 diabetes or in the non-diabetic

population), or more methodologically-limited studies in people with Type 1 diabetes, were

included. 

Limited details of the databases and constraints used in the searches can be found in

Appendix A. No formal contact was made with the authors of identified studies. Additional

contemporary articles identified by the GDG on an ad hoc basis, and further published evidence

identified by national stakeholder organisations, were incorporated where appropriate after

having been assessed for inclusion by the same criteria as evidence provided by the electronic

searches. 

Searches were rerun at the end of the guideline development process, thus including evidence

published and included in the literature databases up to 27 May 2003. Studies recommended by

stakeholders or GDG members that were published after this date were not considered for

inclusion. The date should be the starting point for searching for new evidence for future

updates to this guideline.

2.4 Synthesising the evidence

Abstracts of articles identified by the searches were screened for relevance, and hard copies were

ordered of papers that appeared to provide useful evidence relevant to each clinical question.

Using a validated appraisal tool, each paper was assessed for its methodological quality against

pre-defined criteria. Papers that met the inclusion criteria were then assigned a level according
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to the evidence hierarchy given under 2.6. Owing to practical limitations, selection, critical

appraisal and data extraction were undertaken by one reviewer only. Evidence was, however,

considered carefully by the GDG for accuracy and completeness.

Each clinical question dictated the study design that was prioritised in the search strategy. In

addition, certain topics within any one clinical question at times required different evidence

types to be considered. Randomised control trials (RCTs) were the most appropriate study

design for some clinical questions as they lend themselves particularly well to research into

medicines. They were not, however, appropriate for all clinical questions, for example the

evaluation of diagnostic tests. 

RCTs are difficult to perform in areas such as rehabilitation and lifestyle, where interventions

are often tailored to the needs of the individual. As a consequence, pharmaceutical inter-

ventions tend to be placed higher in the evidence hierarchy than other, equally important,

interventions. This should not be interpreted as a preference for a particular type of

intervention or as a reflection of the quality of the evidence, particularly for those clinical areas

where non-RCT evidence is valid and most appropriate.

Where available, evidence from well-conducted systematic reviews was appraised and

presented. Trials included within these reviews are listed in the evidence table but were not

critically appraised. Studies identified in addition to those included in the systematic review

were included in the appraisal process. 

At times, evidence was not available from studies that included a Type 1 diabetes population.

Where a Type 2 or mixed diabetes population, or non-diabetes population, is considered, it is

indicated in the relevant evidence statement.

On occasion the group identified a clinical question that could not be appropriately answered

through undertaking a rigorous literature review (because the evidence was scarce, or

conflicting). These questions were addressed by group consensus, and the group considered a

summary of the area in an expert-drafted discussion paper. In these instances there was no

formal assessment of the studies cited.

Finally, national and international evidence-based guidelines were referred to during the

development process. These were not formally appraised because of the consistency of process

and of evidence base can be difficult to ascertain across such documents.

The evidence statements should be read with the following caveats in mind:

● all comparisons discussed are statistically significant unless otherwise stated

● where evidence is available from a good quality systematic review or meta-analysis, then

individual studies are not reviewed and referenced. Any additional RCT evidence

presented relates to studies published since the completion of systematic review(s)

included or those considered relevant to this guideline, but which may not have been

suitable for inclusion in the systematic review(s)

● unless explicitly stated, all studies relate to diabetes populations. The inclusion of studies

of Type 1, Type 2 or mixed Type 1 and Type 2 diabetes populations varies between

questions (see Appendix A) 

● descriptions of studies of poor methodological quality in evidence statements include

details on all relevant interventions in a specified question. However, no positive

recommendations have been based solely on such studies
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● evidence statements in this guideline derived from one systematic review may be graded

with different hierarchy of evidence in different places, due to some topics within the

review being based on a synthesis of the outcomes of well-conducted randomised

controlled trials and others being based on a synthesis of non-randomised studies,

prevalance studies and diagnotic studies, or on consensus

● when other guidelines are reviewed, some of their recommendations are presented here as

evidence statements. These may not necessarily reflect the recommendations made in this

guideline and are clearly labelled

● where individual trials are referred to in the evidence statements as small, medium, or

large, this equates to the following number of participants (at baseline): small, less

than 50; medium, from 50 to 200; large, greater than 200. Exact numbers for each trial

can be found in the online evidence tables. 

2.5 Health economic evidence

While evidence on cost-effectiveness was extracted from the clinical literature searches

wherever it existed, this was rare. As such, a separate search was conducted to isolate the health

economic evidence that attempted to identify the cost of, and the benefits accruing from, each

strategy or intervention. An a priori study design criterion was not imposed, so information

may come from sources other than RCTs and formal economic evaluations. 

As the management of diabetes is complex, many of the areas covered by this guideline have

little economic evidence; within clinical trials it is not always clear which of a range of inter-

ventions and strategies actually improves health. The GDG therefore expected the useful cost-

effectiveness evidence to fall within a limited range of areas. Where searching produced either

no evidence or insufficient evidence for a substantive health economic evidence statement, this

fact is indicated.

The health economist presented the economic evidence to the GDG alongside the clinical

evidence. There is no standard measure to assess the quality of the economic evidence, and

reported costs and benefits experienced in other healthcare systems may not apply in the UK.

The GDG had to assess not only the results but also their applicability.

Health economic analysis can provide a framework for combining information from a variety

of sources to form a standard comparison of cost and benefits. However, the task of producing

these estimates is complex and labour intensive, and requires a level of clinical evidence that is

not always readily available. Evidence on the costs and benefits of a broad range of interventions

was presented to the GDG, but the issue of cultured human dermis for foot ulceration was

identified as a particularly important area for further economic analysis. The choice was made

on the grounds that:

● this treatment does not have good quality economic evidence attached

● it has a potentially large health benefit

● if made available, the treatment could have a large effect on NHS resources given the

prevalence of diabetic foot ulcers

● there are uncertainties surrounding both the benefits and resources, and an absence of

cost-utility studies.
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2.6 Drafting recommendations

Evidence for each topic was extracted into tables and summarised in evidence statements. The

GDG reviewed the evidence tables and statements at each meeting and reached a group

opinion. Recommendations were explicitly linked to the evidence supporting them and graded

according to the level of the evidence upon which they were based, using the grading system in

the table below. 

It should be noted that it is the level of evidence that determines the grade assigned to each

recommendation. The grade does not necessarily reflect the clinical importance attached to the

recommendation. 

2.7 Agreeing recommendations

Once the evidence review had been completed and an early draft of the guideline produced, a

one-day meeting of the CRG was held to finalise the recommendations. This included a pre-

meeting vote on the recommendations and a further vote at the CRG meeting, where the group

was asked to consider the draft guideline in two stages: 

1 Are the evidence-based statements acceptable and is the evidence cited sufficient to justify

the grading attached? 

2 Are the recommendations derived from the evidence justified and are they sufficiently

practical so that those at the clinical front line can implement them? Three types of

recommendation were considered: 

a) A recommendation from the GDG based on strong evidence, usually non-

controversial unless there was important evidence that had been missed or

misinterpreted
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Ia Evidence from meta-analysis of 
randomised controlled trials.

Ib Evidence from at least one randomised 
controlled trial.

IIa Evidence from at least one controlled 
study without randomisation.

IIb Evidence from at least one other type of 
quasi-experimental study.

III Evidence from non-experimental 
descriptive studies, such as comparative 
studies, correlation studies and case 
control studies.

IV Evidence from expert committee 
reports or opinions and/or clinical 
experience of respected authorities.

DS Evidence from diagnostic studies.

NICE Evidence from NICE guidelines or health 
technology appraisal programme.

Hierarchy of evidence

A Based on category I evidence.

B Based on category II evidence or 
extrapolated from category I.

C Based on category III evidence or 
extrapolated from category I or II.

D Directly based on category IV evidence 
or extrapolated from category I, II or III.

DS Evidence from diagnostic studies.

NICE Evidence from NICE guidelines or health 
technology appraisal programme.

Typical grading of recommendations



b) A recommendation that was based on good evidence but where it was necessary to

extrapolate the findings to make it useful in the NHS. The extrapolation was

approved by consensus

c) Recommendations for which no evidence existed but which address important

aspects of care, and for which a consensus on best practice could be reached. 

This formal consensus method has been established within the NCC-CC, drawing on the

knowledge set out in a health technology appraisal,7 the work of the Royal College of Nursing

Institute1 and practical experience. It approximates to a modification of the RAND Nominal

Group Technique and will be fully described in future publications. 

2.8 Writing the guideline

The draft version of the guideline was drawn up by the technical team in accordance with the

decisions of the guideline groups. Prior to publication, it was circulated to stakeholders

according to the formal NICE stakeholder consultation and validation phase. 

Modifications were made to this document in response to comments received. Changes were

approved by the Guideline Development Group, who retain the final editorial authority for the

content. 

2.9 Structure of the guideline

The part of this document which contains recommendations (chapter 4 onwards) is divided

into sections, each of which covers a set of related topics. For each topic the layout is the same:

● the rationale for including the topic is provided in one or two paragraphs that simply set

the recommendations in the context of their clinical importance

● the evidence statements, both clinical and health economic, are then given, summarising

the evidence (more detail can be found in the evidence tables, available on the web at

www.rcplondon.ac.uk/pubs/books/dia/index.asp) Specific health economic evidence

statements also follow the clinical evidence when available. The evidence statements and

tables aim to contextualise and explain each recommendation

● the evidence statements are followed by a consideration that reflects the thinking of the

GDG in making the recommendations. This is intended to explain how the evidence was

used to formulate the recommendations

● the recommendations follow. These are graded to indicate the level of the evidence

behind the recommendation, rather than how valid the GDG believes them to be. In

some sections of the guideline, additional text providing more detailed guidance is

contained within the recommendations.
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3 Key messages of the guideline

3.1 Key recommendations

Patient-centred care

■ The views and preferences of individuals with Type 1 diabetes should be integrated into their

healthcare. Diabetes services should be organised, and staff trained, to allow and encourage

this.

Multidisciplinary team approach

■ The range of professional skills needed for delivery of optimal advice to adults with diabetes

should be provided by a multidisciplinary team. Such a team should include members having

specific training and interest to cover the following areas of care:

● education/information giving

● nutrition

● therapeutics

● identification and management of complications

● foot care

● counselling 

● psychological care.

Patient education

■ Culturally appropriate education should be offered after diagnosis to all adults with Type 1

diabetes (and to those with significant input into the diabetes care of others). It should be

repeated as requested and according to annual review of need. This should encompass the

necessary understanding, motivation and skills to manage appropriately:

● blood glucose control (insulin, self-monitoring, nutrition)

● arterial risk factors (blood lipids, blood pressure, smoking) 

● late complications (feet, kidney, eye, heart). 

Blood glucose control

■ Blood glucose control should be optimised towards attaining DCCT-harmonised HbA1c
targets for prevention of microvascular disease (7.5% or lower) and, in those at increased risk,

arterial disease (6.5% or lower) as appropriate, while taking into account: 

● the experiences and preferences of the insulin user, in order to avoid hypoglycaemia

● the necessity to seek advice from professionals knowledgeable of the range of available 

mealtime and basal insulins and of optimal combinations thereof, and their optimal 

use.

15

1

2

3

4



Arterial risk factor control

■ Adults with Type 1 diabetes should be assessed for arterial risk at annual intervals. Those

found to be at increased risk should be managed through appropriate interventions and

regular review. Note should be taken of:

● microalbuminuria, in particular 

● the presence of features of the metabolic syndrome 

● conventional risk factors (family history, abnormal lipid profile, raised blood pressure, 

smoking). 

Late complications

■ Adults with Type 1 diabetes should be assessed for early markers and features of eye, kidney,

nerve, foot, and arterial damage at annual intervals. According to assessed need, they should

be offered appropriate interventions and/or referral in order to reduce the progression of such

late complications into adverse health outcomes affecting quality of life. 
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4 Diagnosis

4.1 Rationale

The diagnosis of Type 1 diabetes would not appear to present any problems. It is, however, a

lifelong condition requiring treatment with a therapy of considerable health and social impact

(insulin injections) so it is important that the diagnosis is secure. Considerations also arise over

differentiating the types of diabetes.

4.2 Evidence

Diagnosis, in regard of types of diabetes, is generally not addressed by the WHO report.8 That

report notes that children present with severe symptoms, and that diagnosis is simply

confirmed by blood glucose measurement (advice that may be regarded as dated) (IV).

WHO otherwise concentrates mainly on the situation pertaining to Type 2 diabetes, in doing

so noting (by reference to the 1985 report) the lack of need for challenge testing when plasma

glucose levels are high in the absence of other metabolic stress, and are confirmed by a second

laboratory measurement or classic symptoms.

4.3 Comment

Type 1 diabetes is, for the most part, easily recognised and diagnosed, requiring hyperglycaemia

to a significant degree (risk of microvascular complications), and islet B-cell destruction which

may be detected as pathogenetic markers or poor insulin secretion. 

Where the diagnosis of diabetes is equivocal, and hyperglycaemia is by definition marginal,

management will generally follow guidelines for Type 2 diabetes. In some patients with ‘Type 2

diabetes’ or diabetes of uncertain type, management will be by clinical stage even if 

auto-immune markers of Type 1 diabetes are detected.

If Type 1 diabetes is suspected, referral should be more urgent than with most other types of

diabetes diagnosed in adults.

4.4 Consideration

The group endorsed the commentary discussed above, and concluded that simple

recommendations were all that were required. Although in this condition diagnosis of diabetes

is rarely in doubt, errors do arise in attribution of diabetes type on occasions, and this is known

to result in negative consequences including failure to anticipate ketoacidosis or unnecessary

insulin therapy. Accordingly the group felt that cautionary recommendations were in order.

The group noted that formal evidence of the utility of tests to distinguish type of diabetes by

auto-immune markers or measures of islet B-cell function was not positive, and that these tests

were not routinely performed. 

The group were keen to reiterate the importance of laboratory glucose estimation in line with

WHO recommendations to avoid the very rare misdiagnoses with lifelong consequences. The
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role of symptoms and of HbA1c estimation were seen as useful but only supportive, as both lack

absolute specificity.

RECOMMENDATIONS

R1 Diabetes should be confirmed by a single diagnostic laboratory glucose measurement D
in the presence of classical symptoms, or by a further laboratory glucose measurement. 

The diagnosis may be supported by a raised HbA1c.

R2 Where diabetes is diagnosed, but Type 2 diabetes suspected, the diagnosis of Type 1 D
diabetes should be considered if:

● ketonuria is detected, or 

● weight loss is marked, or 

● the person does not have features of the metabolic syndrome or other contributing

illness.

R3 When diabetes is diagnosed in a younger person, the possibility that the diabetes is not D
Type 1 diabetes should be considered if they are obese or have a family history of diabetes,

particularly if they are of non-white ethnicity. 

R4 Tests to detect specific auto-antibodies or to measure C-peptide deficiency should not D
be regularly used to confirm the diagnosis of Type 1 diabetes. Their use should be 

considered if predicting the rate of decline of islet B-cell function would be useful in

discriminating Type 1 from Type 2 diabetes. 
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5 Care process and support

5.1 Scope of this chapter

It is outside the scope of this guideline to consider service delivery issues. Accordingly no

recommendations are made regarding site of care; the emphasis is on the process of care

necessary for a person with Type 1 diabetes to achieve optimal yet cost-effective outcomes. For

example, while it is evidence-based that multidisciplinary team care leads to a reduced rate of

complications, and it is known that no health professional alone possesses all the necessary

skills, no recommendation is made about the membership of multidisciplinary teams or where

they are sited. Nevertheless, where an evidence base exists for an activity associated with a

health professional this has been appraised (because it influences the skillmix required), even if

it is not used directly in the recommendations. 

Equally, a term such as ‘diabetes centre’ should be read as a group of people working together

as a resource with access to appropriate healthcare equipment and supporting all those in the

local area providing diabetes care. This should not be interpreted as buildings sited in a primary

or secondary care environment, or to sole sites of care. Some items of equipment (telephones,

structured records, diabetes recall registers) are necessary components for the processes of care

(for example retinopathy screening) discussed in other parts of this guideline.

5.2 Optimal healthcare processes

s Rationale

The management of diabetes is multidimensional, and each dimension is multifaceted. Notable

dimensions include diagnosis and associated management, preventative long-term care,

hospital and emergency management, and detection and management of late-developing

complications. With each of these dimensions a number of care areas are found (for example

in long-term prevention, glucose control, blood pressure control, risk factor surveillance, blood

lipid control and smoking), and for each care area a number of deliverables addressed (for

example in blood glucose control: knowledge and basis of targets, injection skills, self-

monitoring, dose adjustment, dietary matching, hypoglycaemia management, sick day

management) by a number of different members of a multidisciplinary team. This

multidimensional care delivery requirement has spawned diverse attempts aimed at ensuring

optimal care is available to all those with diabetes. This section of the guideline seeks to examine

what evidence is available to support some of these approaches. 

s Evidence review 

It was recognised that the systems underlying structured organisation of care (for example

diabetes centres) do not easily lend themselves to comparison by higher level studies (RCTs and

cohort studies). Some technologies within such systems (for example a foot care information

initiative) may on occasion be so approachable, but for the most part such technologies are

offered and may only be applicable as part of an integrated care package. Accordingly, for the
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purposes of evidence review, no limits to study type were placed on the papers sought. Of 348

titles identified, 58 were selected as relevant for critical appraisal. 

Additionally the major national and international guidelines were reviewed for consistency of

recommendations. As the current question was considered at the end of the guideline process,

a review of generic structures of care already inherent or explicit in agreed recommendations

within the current guideline was also made. 

Only rarely did the primary literature distinguish type of diabetes. On occasion, insulin-treated

people from both major types of diabetes were considered separately from people with Type 2

diabetes managed without insulin injections. Historically, people using insulin have been

managed in specialist care; papers addressing issues of delivery of care by family doctors

without reference to insulin-treated diabetes were also excluded from consideration, except in

regards of complications surveillance. 

s Evidence statements

Multidisciplinary care

The Diabetes Control and Complications Trial (DCCT),9 and smaller RCTs using improved

management to judge the effect on patient outcomes, used multidisciplinary team input (in

particular from specialist nurses and dietitians) as part of an integrated package to improve

metabolic intermediate outcomes. A Cochrane review10 of diabetes specialist nurse input

identified six heterogeneous studies unsuitable for meta-analysis, and found little evidence of

longer-term impact on intermediate outcomes. An RCT11 of the impact of structured team care

as compared to usual care showed improved satisfaction and blood glucose control at six

months. An RCT12 of the use of diabetes specialist nurses to adjust insulin doses over the

telephone showed improved blood glucose control (Ib).

A nurse specialist approach has been justified by a number of before-and-after studies and case

series with such input13–17 (II).

A number of studies of variable quality address the impact of inclusion of podiatrists compared

to normal care within what is then usually called a diabetes foot care team. These studies included

one RCT showing more patient knowledge and less callosities at one year, and a controlled

study18 (it is unclear whether that study is randomised) showing less foot ulceration (Ib). 

A number of historically-controlled or descriptive studies support this approach, mainly

reporting on patient preference outcomes15,19–21 (IV).

The current guideline and all examined guidelines advise the use of members of a multi-

disciplinary team or, more specifically, nurses with training in teaching skills and adult

education in a number of aspects of patient education, and formally trained dietitians and

podiatrists within the specifically relevant areas of diabetes care (IV). 

Annual review

No RCTs address the concept of integrated annual review. Newly-implemented structured

annual review has been subject to a descriptive review,22 suggesting improved satisfaction with

care and improved patient motivation. Few full-length descriptions of the review process are

available,23 most references being editorials and letters (IV). 
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The current guideline suggests annual surveillance of a number of potentially developing late

complications (as do all other guidelines for the most complications). The International

Diabetes Federation’s European guideline recommends integration of these activities into one

patient visit.24 Annual review is also the basis of many quality control structures proposed for

diabetes care,25 including (implicitly) that of the UK Audit Commission (IV). 

Diabetes registers

A series of descriptive papers appear to demonstrate the feasibility of establishing population-

based and clinic-based diabetes registers, with varying densities of information.26–36 A system of

database-driven recall for complications surveillance is implicit in the recommendations for

annual complications surveillance of this and published guidelines. Issues of data security and

confidentiality are not reported to have proved to be problematic obstructions to the deployment

of diabetes registers (IV). 

Diabetes centres and structured care

Most papers in this area are descriptive, and there is inevitable overlap with deployment of

multidisciplinary teams and provision of diabetes information and foot care. Using historical

controls a study37 suggests improved blood glucose control, while another non-randomised

study suggests improved survival (presumably mainly in people with Type 2 diabetes) (IIb).

Structured records and care cards

Although papers were ascertained addressing these areas,38–44 the papers were descriptive with

no useful analysis of patient-related outcomes (IV). 

Electronic patient records and computer data analysis

A number of descriptive papers were identified,45–48 suggesting such approaches can be feasible

and have utility, but not demonstrating comparative advantage to traditional approaches (IV). 

However when such records were used to send judgemental letters to people with diabetes,49

randomising sites of care, intermediate outcomes were significantly improved (probably mainly

in people with Type 2 diabetes) (Ib).

Telemedicine

A number of approaches to medical care without direct patient contact are described in the

literature. One RCT of a telecare system for insulin50 provided equivalent control at reduced

cost, while another study12 using nurses resulted in improved blood glucose control (Ib). 

In more rural and remote situations telemedicine can similarly provide apparent time and cost

savings where images of foot problems51 and eye photographs52 need to be reviewed by

specialists (Ib). 
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Inpatient care

Three papers using historical controls or randomised controls address the value of

multidisciplinary teams with a specialist interest in diabetes management in the care of

inpatients on non-diabetes wards.53–55 Reduced length of inpatient stay is consistently

reported. One study suggests improved glucose control.55 One study, also using historical

controls, addresses length of stay in a developing country in newly-diagnosed people with

diabetes, showing much reduced stays with multidisciplinary team input (Ib/IIa). 

Guidelines

No literature on the deployment or impact of diabetes guidelines was identified. 

s Health economic evidence

Two potentially useful papers consider the type of treatment facility used to deliver care to those

with Type 1 diabetes.334,335 One German study334 found that the treatment facility (polyclinics,

specialist clinics or general practitioners) makes no difference to diabetes-specific knowledge

when this was controlled for age, sex and education. One UK study335 found no difference

between hospital- and general practice-based care on a range of outcome measures for

metabolic control, satisfaction with treatment or beliefs about diabetic control for a mixed

diabetic population. Some differences were observed in the surveillance for complications, with

more frequent testing in integrated care. Whilst costly, it is worth noting that fewer patients

defaulted from general practice-based care than conventional care. Avoided complications may

offset the increased cost of general practice-based care, although this cannot be established on

the basis of this study.

One UK-based study297 suggested that the provision of a hospital-based diabetes specialist

nurse lowered the cost per patient admission without producing a significant difference in

readmission, quality of life or patient satisfaction.

s Consideration

The group endorsed the approaches suggested by the evidence, but noted that attempts to

implement some of the recommendations in the past had been inhibited by funding difficulties.

This however was not felt to be a barrier to reiterating the health gains to be obtained. It was

noted that recent publications (beyond the cut-off date of the searches) supported some of the

recommendations further, including those relating to specialist nurses. The UK’s national

service framework for diabetes was noted to have endorsed diabetes registers. The group

recognised the lack of any kind of formal evidence relating to walk-in, telephone-request and

out-of-hours services. 

RECOMMENDATIONS

R5 Advice to adults with Type 1 diabetes should be provided by a range of professionals D
with skills in diabetes care working together in a coordinated approach. A common

environment (diabetes centre) is an important resource in allowing a diabetes

multidisciplinary team to work and communicate efficiently while providing consistent

advice.

30

Type 1 diabetes in adults: national clinical guideline for diagnosis and management



R6 Open access services should be provided on a walk-in and telephone-request basis C
during working hours to adults with Type 1 diabetes, and a helpline staffed by people 

with specific diabetes expertise should be provided on a 24-hour basis. Adults with 

diabetes should be provided with contact information for these services.

R7 An individual care plan should be set up and reviewed annually, modified according to D
changes in wishes, circumstances and medical findings, and the details recorded. The 

plan should include aspects of: 

● diabetes education including nutritional advice (see section 6.1, ‘Education 

programmes for adults with Type 1 diabetes’ and 6.3, ‘Dietary management’)

● insulin therapy (see section 7.3, ‘Insulin regimens’ and 7.4, ‘Insulin delivery’)

● self-monitoring (see section 6.2, ‘Self-monitoring of blood glucose’)

● arterial risk factor surveillance and management (see chapter 8, ‘Arterial risk control’)

● late complications surveillance and management (see sections on late complications)

● means and frequency of communication with the professional care team

● follow-up consultations including next annual review.

R8 Population, practice-based and clinic diabetes registers (as specified by the national D
service framework) should be used to assist programmed recall for annual review and

assessment of complications and vascular risk. 

R9 Conventional technology (telephones), or newer technologies for high-density data A
transmission of images, should be used to improve process and outcomes. 

R10 The multidisciplinary team approach should be available to inpatients with Type 1 D
diabetes, regardless of the reason for admission (see section 13.3, ‘Inpatient management’). 

5.3 Support groups

s Rationale

As having Type 1 diabetes can have a major impact on lifestyle and self-esteem, it would appear

that support groups could have a role in providing for some needs outside the professional

environment and even separately from immediate carers. The range of such potential input is

large and might stretch from simply fulfilling a need for belonging, through to helping with

diabetes-related financial problems (such as insurance), and even providing a further source of

diabetes-related information. 

Coping with diabetes, or any other condition, is influenced not only by psychological

characteristics of the individual but also by social relationships (eg support and communication

by healthcare team, family and friends). Informal interpersonal variables, such as social

resources and support, have been found to be associated with better diabetes self-manage-

ment,56–7 family environment,58–60 and marital interaction.61 A medical condition is only one

aspect that affects the make-up of an individual’s personal identity, and for some may be

perceived as a minor factor compared to their environmental and social circumstances.

A ‘support group’ is defined in this guideline as a group of people with Type 1 diabetes that

comes together to provide support to themselves and others in their locality. Members are

usually unpaid and many will be supported under the auspices of national (or local) voluntary

organisations. Support groups have become commonplace throughout health and social care. 
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Patients and carers may choose to contact or be involved with support groups to gain

information and support to benefit their own needs, or with a wider altruistic aim of helping

other people within the local community. It was not possible to find specific research

identifying patient and carer preferences for support groups, or indeed to identify specific

groups or types of people who may benefit more than others. Some people attend meetings of

groups regularly whilst other individuals are reassured by being aware of a group’s existence and

the opportunity to contact the group at a later date if problems arise and/or support is required.

Preferences are dependent on what stage people are at in their lives and what information is

taken (or needs to be taken) on board. 

s Evidence statements

The Diabetes Attitudes, Wishes and Needs (DAWN) questionnaire study62 highlighted that

emotional support, along with family support, was a key factor in how well people with diabetes

manage their condition, with support networks being considered at least as important as the

medication they take in helping them manage their diabetes. Interim results also indicate that

people who do not have access to a community of support, especially the young or elderly living

alone, may be less likely to be concordant with their medication regimes, putting them at risk

of inadequate control of their diabetes (III). 

There are still significant numbers of people emerging from the confirmation of a diagnosis

who are underinformed and unsupported.63 Qualitative research of various designs examining

the views and experiences of people with diabetes and carers has identified that many perceived

benefits exist from meeting other people with diabetes. It has helped many to overcome the

feelings of isolation and is seen as an opportunity to talk to others going through the same

experience64 (IV).

Research evaluating the effectiveness of support groups for patients and carers, across

numerous conditions and groups (not necessarily diabetes), has shown specific benefits

including (III):

● psychological and emotional benefits65 including lower pain perception and improved

ability to cope with stress63,66–7

● reduction of carers’ burdens and stresses68–9

● improvement in quality of life70–71

● improved self-care through health promotion strategies which have been helpful in

smoking cessation and management of chronic conditions72–3

● improved access to health service provision74

● reduced isolation, overcoming depression and loss of self-esteem64

● better understanding of conditions, symptoms and healthcare systems through education

and information.67

The Diabetes UK network of support groups recorded 175,426 members in July 2003, with

around 7% under the age of 20 years and around 30% aged 70 years or over. Around 40% had

paid for annual adult membership, 50% had a reduced rate membership (including children),

and 10% had chosen life membership. The Diabetes UK Careline is, at the time of writing, one

of the busiest sources of information for all people with Type 1 diabetes in the UK. In 2002,

Careline were contacted 40,747 times (81% telephone, 13% e-mail, 6% post). 
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The five most frequent topics of enquiry recorded were (III):67a

● diet

● insulin

● medicines other than insulin

● new diagnosis

● travel. 

s Health economic evidence

Two studies were identified as potentially useful in this area.336–7 As neither paper included cost

information, the cost-effectiveness of support interventions cannot be ascertained.

RECOMMENDATION

R11 At the time of diagnosis and periodically thereafter, adults with Type 1 diabetes should C
be offered up-to-date information on the existence of and means of contacting diabetes

support groups (local and national) and the benefits of membership.

5.4 Quality audit and monitoring

s Rationale

It is generally accepted now that any system delivering a product, including healthcare systems,

can benefit from review of its performance. The diabetes care espoused by this guideline is both

complex and systematic, and thus lends itself to the kind of data collection needed for quality

development. That very complexity, however, means that monitoring the structures, process

and outcomes of all sectors can seem overwhelming, necessitating consideration of how limited

monitoring activity can be undertaken without distorting the areas gaining attention for

improvement. Monitoring of quality of life would seem a priori to be of particular importance

in diabetes care, but presents its own difficulties of data acquisition and of analysis of

temporally different outcomes. 

Audit criteria are suggested in section 3.3 of this guideline to assist local users in promoting

implementation and monitoring ongoing improvements in process and outcome. They have

been informed where possible by existing validated measures, principally those of the National

Centre for Health Outcome Development.75

33

5 Care process and support



6 Education progammes and self-care

6.1 Education programmes for adults with Type 1 diabetes

s Rationale

Having diabetes involves acquiring a great range of new skills and knowledge, including insulin

therapy, dietary changes, self-monitoring, hypoglycaemia, jobs, travel, physical exercise, coping

with concurrent illness, foot care, arterial risk control and avoiding complications. The history

of education and information giving in diabetes care goes back to the earliest dietary

interventions several centuries ago, and the use of education professionals to impart skills

associated with insulin therapy dates from the time of discovery and isolation of insulin.

Accordingly patient education is a true cornerstone that enables self-management of diabetes,

and most diabetes management is self-management. Review of other parts of this NICE

guideline will reveal that education and information giving are parts of nearly all of them, from

enabling patient choice in determining features of self-management, to acquisition of skills

needed to perform tasks and make judgements, to self-care where high risk complications have

developed, and to skills in handling healthcare professionals to ensure that issues of importance

to the person with Type 1 diabetes are addressed. 

s Evidence statements 

Content of education

There were no trials located in newly-diagnosed people with Type 1 diabetes specifically, or

concerned with the initial content of education. The American Diabetes Association (ADA)

guidelines76 suggest that as part of initial visit people should be referred to a diabetes educator if

education is not provided by the physician or practice staff, but content of this education is not

defined (IV). 

Educational setting

One small randomised controlled trial77 comparing the efficacy of classroom teaching of

diabetes skills, compared to individualised learning, found that classroom teaching led to a

greater level of awareness about diabetes self-care. However, there was no significant difference

in terms of the level of use of self-care practices. Furthermore, the two education techniques

provided no different outcome of levels of technical skill in self-care. However this study made

no analysis of comparability of study groups at baseline and was not blinded (Ib). 

Technology interventions

One randomised controlled study compared two interactive computer schemes to reinforce an

educational video. The first gave additional feedback and information on the correct answers,

the second only the correct answers.78 People with diabetes in the interactive group scored

significantly better in a follow-up test of diabetes knowledge than those following the standard

scheme. There were no significant differences in user ratings for the two software packages, but
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the people in the additional feedback group had a better diabetes knowledge at baseline, so the

results may be biased by this confounding factor (Ib).

Guidelines for self-management education

An update of the US standards for diabetes self-management education79 based on a literature

review covered the organisation of diabetes self-management education, its content and

provision. A multiprofessional task force encompassing all the major interested stakeholders

agreed the following standards (IV).

❑ Education and information-giving will involve the interaction of the individual with

diabetes with a multifaceted education instructional team, which may include a

behaviourist, exercise physiologist, ophthalmologist, optometrist, pharmacist, physician,

podiatrist, registered dietitian, registered nurse, other healthcare professionals, and

paraprofessionals. 

❑ Instructors will obtain regular continuing education in the areas of diabetes management,

behavioural interventions, teaching and learning skills and counselling skills.

❑ Assessed needs of the individual will determine which of the following content areas are

delivered:

– describing the diabetes disease process and treatment options

– incorporating appropriate nutritional management

– incorporating physical activity into lifestyle

– utilising medications (if applicable) for therapeutic effectiveness

– monitoring blood glucose and urine ketones (where appropriate) and using results to

improve control

– preventing, detecting and treating acute complications

– preventing (through risk reduction behaviour), detecting and treating chronic

complications

– goal-setting to promote health, and problem-solving for daily living

– integrating psychosocial adjustment to daily life

– promoting preconception care, management during pregnancy and gestational

diabetes management (if applicable).

❑ An individualised assessment, development of an education plan and periodic

reassessment between participant and instructor will direct the selection of appropriate

educational materials and interventions.

❑ The assessment includes relevant medical history, cultural influences, health beliefs and

attitudes, diabetes knowledge, self-management skills and behaviours, readiness to learn,

cognitive ability, physical limitations, family support and financial status.

❑ There shall be documentation of the individual’s assessment, education plan,

intervention, evaluation and follow-up in the permanent confidential education record.

General education programmes

Within an overall review of patient education models for diabetes (not type-specific) one health

technology assessment80 reviewing four controlled trials of a range of education programmes

including items of self-management, self-monitoring, diet and the effects of insulin and

exercise, taught by a variety of staff or self-taught, and as an initial intense course or as ongoing
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programmes, reported a variety of positive outcomes compared to normal care. This review

found that one study had demonstrated improvements over 10 years in diabetic control, in

terms of reduced HbA1c levels. In another study, an intensive five-day training course was

found to be effective in reducing HbA1c levels. In one study there was no difference in blood

glucose control with education compared to usual care, while there were no between-group

comparisons made in another other study. Education was also shown to improve blood

pressure. There is limited evidence to suggest a reduced rate of ketoacidosis and reduced

hospitalisation. However, there was no evidence to indicate that education can reduce body

mass index. There is some data to suggest increased incidence of hypoglycaemic episodes.

Long-term outcomes of retinopathy or neuropathy were not found to be significantly affected

by education, but there is some limited evidence to suggest nephropathy incidence is improved,

although rates were low. Unsurprisingly, diabetes knowledge was significantly improved with

education, although this was not true of quality of life. Overall the included trials were of

moderate methodological rigour. Three of the trials included were investigating education

in the context of intensification of treatment compared to normal care, and it is difficult to

be sure that the benefits reported are directly attributable to the education aspect of the

intervention (NICE).

Metabolic control and quality of life were not found to be significantly affected by a structured

outpatient programme of education led by a nurse, dietitian and other people with diabetes

over four weeks in a large randomised trial as compared to conventional care81 (Ib).

A medium-sized randomised controlled trial82 of a monthly education programme at which

different aspects of diabetes treatment and technical skills were considered found that after

one year of education HbA1c levels were reduced compared with normal clinical care in people

with Type 1 diabetes. However, age differences between the control and intervention groups at

baseline mean that this study is possibly methodologically limited (Ib).

Another moderate-sized systematic review of eight trials encompassing over 3,000 patients with

either Type 1 or Type 2 diabetes,83 found that intensive vs brief education on foot care provided

a significant decrease in incidence of foot ulcers, and in one trial amputations, but no difference

in the same outcomes over seven years in another study. This is despite three trials reporting

successful uptake of messages regarding foot care behaviour. Another trial reported in this

review found that an intensive educational intervention including both people with diabetes

and doctors improved the prevalence of serious foot lesions compared to usual care, although

the composite outcome of all foot lesions and amputations was not significantly improved.

Authors of the review noted methodological limitations of the included studies, and outcome

reporting times varied between individual trials (Ia). 

Diabetes self-management education

Evaluation, in a large systematic review,84 of a range of diabetes self-management education

(DSME) programmes compared to normal routine levels in populations of people with

diabetes found that interventions based in community gathering places were able to reduce

blood glycated haemoglobin (GHb) and fasting blood glucose levels. There is some evidence

that they can also improve diabetes knowledge and improve physical activity (minutes of

walking). Other trials reviewed that were based in the home setting – half of which included

children or adolescents – showed a significant decrease in GHb after DSME, and a borderline
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beneficial effect on weight for people undergoing DSME as compared to conventional care.

Specific analysis in patients with Type 1 diabetes found no significant change in diabetes

knowledge with such programmes (Ia). 

Other educational interventions

A small randomised controlled trial12 in people with Type 1 diabetes found that an intervention

whereby patients received regular telephone contact with a diabetes nurse to alter insulin

regimen decreased HbA1c over six months compared to usual care. This difference was not

found to be affected by age, sex or type of diabetes (Ib). 

Behavioural and education interventions

There are no systematic reviews and few prospective randomised studies that report on

methods to improve concordance in self-management in people with Type 1 diabetes. One

small unblinded study,85 which was methodologically limited owing to high drop-out rates and

inequalities in patient characteristics at baseline, found that an intervention of a self-taught

study programme to improve self-control behaviour was able to demonstrate improved

adherence to goals of self-monitoring of blood glucose level over 12 weeks. The intervention

included a wide range of educational and behavioural choice items, and the relative

effectiveness of any of these is hard to define. The methodological limitations of the study

would not form a rigorous basis for recommending such an approach (Ib). 

A similar intervention among adolescents (mean age 18 years) in India enrolled in a prospective

randomised trial,86 with an intervention of 15 hours of individualised learning over three

months comprising both behavioural and cognitive strategies based on an operant learning

model, found improved adherence on a composite three-item scale, compared to usual care.

This improved adherence was mirrored in significantly improved blood glucose level compared

to people in the control group. However, this study had a small sample size and was unblinded,

and it was not possible to determine whether benefits persist after the cessation of the

intervention (Ib). 

Education interventions

One small- to medium-sized randomised trial of a specialist education programme delivered to

people with Type 1 diabetes by a team of physicians, dietitians and specialist nurses found there

to be no statistically significant differences in diabetes knowledge or adherence to dietary advice

compared to a control group who received conventional diabetes education. Both groups

improved in both measures immediately after the completion of the education intervention but

then knowledge and adherence fell away with time. This trial was sited in Finland and there may

be differences in content of conventional diabetes education compared to that of the UK care

setting87 (Ib).

Monitoring devices

There were no significant differences in adherence to glucose self-monitoring or in blood

glucose levels reported at six months between two interventions with novel glucose monitoring

devices and control with a standard device from a medium-sized multicentre randomised
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trial.88 The trial included a population of people with Type 1 diabetes who had had the

condition for an average of 14 years. The study was blinded between the two novel monitoring

machines, but the people in the control group would have been aware that they were not

receiving the intervention as they continued to use their usual machine. To evaluate adherence

all patients were asked to keep diaries of self-monitoring behaviour and this may have

stimulated greater adherence even in the control group than under normal everyday self-

monitoring conditions (Ib).

s Health economic evidence

Assessing the cost-effectiveness of patient education is complicated by the fact that patient

education is rarely assessed in isolation. Recent NICE guidance338 into patient education

models considered the health economic evidence for interventions in terms of self-care, quality

of life and the long-term complications of diabetes. Interventions improving knowledge of

diabetes were excluded from consideration, as improved knowledge of diabetes does not

necessarily affect subsequent outcomes.

The NICE appraisal found only two published health economic papers suitable for assessing

patient education.339,340 Of these, only one339 included Type 1 diabetes patients, and this

established cost-effectiveness ratios for altering food habits.

s Consideration

The group noted that patient education was a necessary and logical part of most aspects of

diabetes self-care, and that self-care was a social, health and economic necessity in the manage-

ment of the condition. Specific recommendations related to aspects of care such as self-

monitoring, insulin therapy, foot care and nutrition were thought best presented in the individual

sections of this guideline. The group noted inappropriateness of the classical clinical trial model

when just one feature of an integrated package was varied, and one of many possible outputs

monitored as primary outcome. There is also the difficulty of, and lack of funding for, the larger,

longer-term trials used for pharmaceutical interventions. Equally, the central role of education in

achieving success in blood glucose control and health outcomes (DCCT and other key studies)

could not be ignored. Such information suggested that educational interventions were likely to be

cost-effective, but it was impossible to make comparative judgements of different education

models, a conclusion seemingly also reached by the NICE Appraisal Committee on the basis of a

report from the University of Southampton’s health technology assessment unit. 

Issues of information overload at the stressful time of diagnosis, the size of the longer-term

educational needs of individuals, the diversity of individual needs, and the retention of the

information needed to make informed choices, and the group’s experience of these in practice,

served to guide recommendations broadly in line with those of Diabetes UK and the International

Diabetes Federation (Europe).
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RECOMMENDATIONS

Specific recommendations on patient education and information-giving in particular aspects

of care are given in individual sections of this guideline.

R12 A programme of structured diabetes education covering all major aspects of diabetes A
self-care and the reasons for it should be made available to all adults with Type 1 

diabetes in the months after diagnosis, and periodically thereafter according to agreed 

need following yearly assessment. 

R13 Education programmes for adults with Type 1 diabetes should be flexible so that they D
can be adapted to specific educational, social and cultural needs. These needs should be

integrated with individual health needs as dictated by the impact of diabetes and other

relevant health conditions on the individual. 

R14 Education programmes for adults with Type 1 diabetes should be designed and D
delivered by members of the multidisciplinary diabetes team in accordance with the 

principles of adult education.

R15 Education programmes for adults with Type 1 diabetes should include modules D
designed to empower adults to participate in their own healthcare through: 

● enabling them to make judgements and choices about how they effect that care 

● obtaining appropriate input from the professionals available to advise them.

R16 Professionals engaged in the delivery of diabetes care should consider incorporating D
educational interchange at all opportunities when in contact with a person with 

Type 1 diabetes. The professional should have the skills and training to make best use 

of such time.

R17 More formal review of self-care and needs should be made annually in all adults with D
Type 1 diabetes, and the agenda addressed each year should vary according to the 

priorities agreed between the healthcare professional and the person with Type 1 

diabetes. 

6.2 Self-monitoring of blood glucose 

s Rationale 

Insulin therapy has to be adjusted with lifestyle, insulin dose requirements vary from individual

to individual, and the effects of insulin injections are notoriously erratic. It might seem obvious

that being able to keep an hour-to-hour or day-to-day check on actual blood glucose levels

would be to the advantage of any person using insulin therapy. Potential should exist here to

assist with diabetes self-education, dose optimisation, reassurance over hypoglycaemia and

helping professionals give optimum advice on insulin regimens. 

s Evidence statements

Reliability and validity

Papers contained within a systematic review89 suggest that the evidence on issues of observer

training, interdevice variability, the effects of long-term use and patient acceptability have not

been adequately addressed (IV).
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One study within the systematic review89 comparing self-reported readings against a memory

meter showed that inaccuracies in readings were common. This was due to rounding of values,

omission of outlying values and reporting of results when no test had been performed. These

findings were confirmed in another reviewed study of 14 people who recorded lower blood

glucose values in logbook records than meter memories (Ia).

Reported within the systematic review, one trial89 suggested that patients needed to be

informed of the memory capacity of their meters to improve accuracy. A further study reported

in the review argued that the true diurnal variability in glycaemia in people with Type 1 diabetes

is too great to be measured, even when self-monitoring of blood glucose (SMBG) is repeated

seven times daily (Ia). 

Patient factors (as described below) were shown to have an impact (both positive and negative)

on the reliability of monitoring in five studies.89

Reliability can be improved through proper training of patients, and was shown in sub-group

analysis to be equally as good in older people, and people with visual impairments (on

condition that extensive instruction has been provided). 
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Around time of diagnosis

❑ The aims of management and outcome of good self-management

❑ Self-injection and self-monitoring skills

❑ Nutritional information for people on insulin injection therapy

❑ Detection and management of hypoglycaemia

❑ Establishing healthy lifestyle

In the period following diagnosis

❑ Reinforcement of above

❑ Use of professional advisors and the healthcare system

❑ Integration of flexible eating and insulin dosing

❑ Goals of self-management

❑ Long-term risks and their amelioration (including arterial risk)

❑ Management of intercurrent illness and developing complications

❑ Role of preventative therapeutic interventions, side effects and importance

❑ Lifestyle issues including employment, travel (including across time zones), driving

❑ Contraception, pregnancy and children

In the longer term

❑ Self-care of late complications including foot care

❑ Reinforcement based on annual review of need

*See also the recommendations of IDF (Europe)24 and Diabetes UK.282

Table 2 Some appropriate content of education programmes for people with Type 1
diabetes and those personally involved with helping in their day-to-day care*



One study concluded that impairment of colour vision affects the ability to interpret self-

monitoring with visually read strips, suggesting that all patients should be screened for colour

vision before self-monitoring begins (Ia).

Clinical effectiveness of blood glucose monitoring

Four trials contained within a systematic review89 failed to show with sufficient power a

demonstrated effect of SMBG on blood glucose control (Ia). 

Two trials comparing urine and blood testing showed no clinical difference in the two

tests89 (Ia). 

A systematic review89 reported on patient preferences for different monitoring techniques. One

trial reported patients preferring blood testing, or a combination of blood and urine testing,

compared to urine testing alone. No preference was stated for visual strips or strips with

meters (Ia). 

One methodologically-limited crossover study90 comparing blood glucose meters with visual

test strips showed patients found the two techniques equally convenient to use, although overall

more patients preferred the blood glucose meter. 

Preferences were based on: accuracy, confidence in test result, no judgement by patient,

inability to cheat with result and use of the built in timer (Ib). 

One methodologically-limited comparative study91 showed that fructosamine self-test results

correlated well with laboratory test with very low bias. Imprecision of the self-test was higher than

the laboratory test, but could still identify patients with good vs poor glycaemic control (DS).

A further methodologically-limited diagnostic study92 in people with Type 2 diabetes showed

self-testing of fructosamine to be comparable in accuracy to laboratory fructosamine and GHb

values (CDS).

One trial with 25 patients93 showed no significant difference in glucose control or patient

practice based on frequency of testing. The authors stated that they are unable to identify any

optimal frequency for blood glucose self-monitoring in typical diabetic population. There is

little or no relationship between the frequency of blood glucose monitoring, the frequency of

insulin dose adjustments and the level of metabolic control (Ib).

A study of the preferences of 18 patients within a systematic review89 reported a preference for

testing four times daily twice weekly, or four times daily once a week, compared to twice daily

every day of the week (Ib).

One study from a systematic review reported fasting plasma glucose to be less useful as an

accurate mode of monitoring in insulin-treated people with diabetes than in other people89 (IIa). 

s Health economic evidence

The DCCT included self-monitoring of blood glucose as part of intensive treatment. Self-

monitoring is only likely to have an effect on blood glucose control when used to inform the

management of diabetes. As such, it is not feasible to analyse its cost-effectiveness in isolation

from the requirements of subsequent management strategies.
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A recent HTA report89 identifies one paper considering the cost-effectiveness of blood or urine

glucose monitoring against ‘conventional dietary control’ amongst those with Type 1

diabetes.341 This paper is based on Russian conditions and also includes education in the

intervention technologies. The GDG felt that differences in international healthcare systems

mean little weight could be placed on its assertions that no significant difference exists between

blood and urine glucose monitoring.

s Consideration

Self-monitoring does not, in itself, appear to improve blood glucose control. However, the

group noted that it was an essential component of the markedly improved blood glucose

control with improved outcomes demonstrated in the landmark DCCT study, and indeed in the

other smaller studies of blood glucose control and complications. Indeed it was difficult for

members of the group to conceive how modern flexible insulin dosage regimens could be

adopted without it. However, the technique is not easy, painless or convenient, and as a result

no one system is found appropriate for use by all individuals. Improved technical facility could

be identified from clinical experience. Nevertheless appropriate training and quality of skills

review is agreed as necessary and normal practice. Different individuals are noted to use this

technology with different frequencies and for different needs according to personal preferences.

Given the nature of the technology it is rarely abused.

A newer approach, using smaller blood samples from non-finger-prick sites, was not judged to

have adequate evidence of reliability, particularly in the situation of hypoglycaemia, to allow a

general recommendation.

RECOMMENDATIONS

R18 Self-monitoring of blood glucose levels should be used as part of an integrated package D
that includes appropriate insulin regimens and education to help choice and 

achievement of optimal diabetes outcomes.

R19 Self-monitoring skills should be taught close to the time of diagnosis and initiation D
of insulin therapy. 

R20 Self-monitoring results should be interpreted in the light of clinically significant life D
events. 

R21 Self-monitoring should be performed using meters and strips chosen by adults with D
Type 1 diabetes to suit their needs, and usually with low blood requirements, fast 

analysis times and integral memories. 

R22 Structured assessment of self-monitoring skills, the quality and use made of the results D
obtained and the equipment used should be made annually. Self-monitoring skills 

should be reviewed as part of annual review or, more frequently, according to need and

reinforced where appropriate. 

R23 Adults with Type 1 diabetes should be advised that the optimal frequency of D
self-monitoring will depend on:

● the characteristics of their blood glucose control
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● the insulin treatment regimen

● personal preference in using the results to achieve the desired lifestyle. 

R24 Adults with Type 1 diabetes should be advised that the optimal targets for short-term D
glycaemic control are:

● a pre-prandial blood glucose level of 4.0–7.0 mmol/l and 

● a post-prandial blood glucose level of less than 9.0 mmol/l. 

Note: These values are different to those given in the recommendations for children and

young people with Type 1 diabetes because of clinical differences between these two age

groups.

R25 Monitoring using sites other than the finger tips (often the forearm, using meters that D
require small volumes of blood and devices to obtain those small volumes) cannot be

recommended as a routine alternative to conventional self-blood glucose monitoring.

6.3 Dietary management 

s Rationale

The imperfect nature of insulin replacement therapy, and in particular the prospective, erratic

and inappropriate profiles of insulin absorption, make it necessary to understand the effects of

different foods on glucose excursions if these excursions are to be appropriately minimised.

Furthermore, people with Type 1 diabetes are at high arterial risk, which might be ameliorated

by appropriate nutritional choices, while some associated conditions can be partly managed

through nutritional advice. 

s Evidence statements

Changes to diet

Four small randomised controlled trials94–97 were identified examining different diet regimens

in people with Type 1 diabetes. One randomised controlled study94 found that a high fibre diet

(50 g/day) for 24 weeks compared to a low fibre diet (15 g/day) improved blood glucose profile,

and number of hypoglycaemic events, although HbA1c, cholesterol, body weight and insulin

dose were not affected (Ib).

A high carbohydrate, high fibre and low fat diet, compared to conventional low carbohydrate

diet, taught by a dietitian in an unblinded randomised controlled trial97 was seen at 12 months

to improve HbA1c (Ib).

The addition of vitamin E to the normal diet has been shown to provide no benefit in terms of

cholesterol level, HbA1c, body mass index (BMI), insulin dose or blood pressure over a

12-month period96 (Ib).

There were significant improvements in glomerular filtration rate, and a decline in albuminuria

after four weeks of a low protein diet compared to a normal protein diet in a randomised

prospective trial in people with overt diabetic nephropathy.95 Outcomes of urinary sodium

excretion, blood pressure, BMI and HbA1c were not significantly different between the diets (Ib).
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Therapy adjustment for normal eating

Canadian clinical practice guidelines98 recommend that all people with diabetes on fixed-dose

insulin regimen should have an individualised meal and activity plan developed. Two studies

showed that patients should be taught how to adjust insulin dosage, diet and physical activity

in response to blood glucose levels to reduce incidence of hypoglycaemia (Ia).

A medium-sized randomised controlled trial99 of a five-day outpatient programme to enable

patients to replace insulin by matching it to desired carbohydrate intake amongst adults with

Type 1 diabetes found that the intervention improved HbA1c compared to a control of normal

care to six months. Positive effects were also seen in weighted quality of life and total well-being.

There was no effect on incidence of severe hypoglycaemia, weight or total cholesterol. This trial

enrolled people with poorly-controlled diabetes (Ib). 

A similar small trial96 in which intensified insulin plus simplified diet was compared to

conventional therapy and diet found HbA1c to be significantly reduced, although there was no

differences between the study groups for outcomes of body weight, BMI, cholesterol or

triglycerides (Ib).

Undefined diet

A large cohort study100 comparing degree of liberalisation of diet away from a specific

controlled diet after a treatment and teaching programme with estimation of carbohydrate

intake and subsequent insulin self-adjustment found that there was no significant relationship

between BMI and degree of diet liberalisation. In addition there was no relationship with

HbA1c level or severe hypoglycaemia. However there was a relationship between liberalised diet

and higher cholesterol levels, and an inverse relationship with tendency to monitor blood

glucose more than three times a day (IIa). 

Other evidence

The recent evidence-based guidelines for nutrition principles developed by the ADA,76 provide

a broad overview of research in the area of improved diabetes care for people with Type 1

diabetes through beneficial nutritional therapies. There are recommendations based on well-

performed RCTs showing significant effectiveness of interventions for areas such as

carbohydrates, dietary fat, energy balance and obesity, nutritional therapy for the treatment or

prevention of acute complications, and hypertension. Recommendations in other key areas are

based on cohort or uncontrolled studies (Ia).

s Health economic evidence

The recent NICE Technology Appraisal101 into patient education models (www.nice.
org.uk/cat.asp?c=68326) recommends dose adjustment for normal eating (DAFNE), and the

intensified treatment required by DAFNE, as cost effective.
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s Consideration

The group was impressed by the systematic approach to nutritional recommendations

published by the ADA,76 and the consistency of that approach with the new recommendations

from Diabetes UK.107 Consideration of the existing guidelines in the area did not lead the group

to any divergent recommendations on nutrition. Furthermore, recent NICE guidance on

education models for people with Type 1 diabetes had particularly addressed the relevance of

one programme for mealtime insulin dose adjustment (DAFNE) and, after due discussion of

some of the issues surrounding that study including the health economic issues, it was felt

inappropriate to recommend modification of any of the appraisal’s conclusions. Accordingly

the recommendations agreed by the group are mainly those of emphasis and approach

appropriate to people with Type 1 diabetes, but reflecting both management of blood glucose

excursions and arterial risk.

RECOMMENDATIONS

R26 Nutritional information sensitive to personal needs and culture should be offered D
from the time of diagnosis of Type 1 diabetes.

R27 Nutritional information should be offered individually and as part of a diabetes D
education programme (see ‘Patient Education’ recommendations in this chapter (R12-17).

Information should include advice from professionals with specific and approved training

and continuing accredited education in delivering nutritional advice to people with 

health conditions. Opportunities to receive nutritional advice should be offered at 

intervals agreed between adults with Type 1 diabetes and their advising professionals. 

R28 The hyperglycaemic effects of different foods a person with Type 1 diabetes wishes to A
eat should be discussed in the context of the insulin preparations chosen to match 

those food choices. 

R29 Programmes should be available to adults with Type 1 diabetes to enable them to A
make: 

● optimal choices about the variety of foods they wish to consume

● insulin dose changes appropriate to reduce glucose excursions when taking 

different quantities of those foods.

R30 The choice of content, timing and amount of snacks between meals or at D
bedtime available to the person with Type 1 diabetes should be agreed on the basis of 

informed discussion about the extent and duration of the effects of consumption of 

different food types and the insulin preparations available to match them. Those choices 

should be modified on the basis of discussion of the results of self-monitoring tests. 

R31 Information should also be made available on: D

● effects of different alcohol-containing drinks on blood glucose excursions and calorie

intake

● use of high calorie and high sugar ‘treats’

● use of foods of high glycaemic index.
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R32 Information about the benefits of healthy eating in reducing arterial risk should be D
made available as part of dietary education in the period after diagnosis, and according 

to need and interest at intervals thereafter. This should include information about low

glycaemic index foods, fruit and vegetables, and types and amounts of fat, and ways of

making the appropriate nutritional changes. 

R33 Nutritional recommendations to individuals should be modified to take account of D
associated features of diabetes, including: 

● excess weight and obesity 

● underweight

● eating disorders

● raised blood pressure

● renal failure.

R34 All healthcare professionals providing advice on the management of Type 1 diabetes D
should be aware of appropriate nutritional advice on common topics of concern and 

interest to adults living with Type 1 diabetes, and should be prepared to seek advice from

colleagues with more specialised knowledge. Suggested common topics include:

● glycaemic index of specific foods

● body weight, energy balance and obesity management

● cultural and religious diets, feasts and fasts

● foods sold as ‘diabetic’

● sweeteners

● dietary fibre intake

● protein intake

● vitamin and mineral supplements

● alcohol

● matching carbohydrate, insulin and physical activity

● salt intake in hypertension

● co-morbidities including nephropathy and renal failure, coeliac disease, cystic fibrosis or

eating disorders

● use of peer support groups.

6.4 Physical activity 

s Rationale

Many people wish to perform varying amounts of physical exercise, but this can interact to

disturb blood glucose levels in people on insulin therapy. Physical exercise is usually

recommended to the general population as part of a package of lifestyle measures to improve

future health, in particular reduction of arterial risk, which is markedly elevated in people with

Type 1 diabetes. 
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s Evidence statements

Aerobic exercise

One small randomised controlled trial102 was identified that assessed the effect of a 16-week

aerobic exercise programme on fitness and lipid profile in young men with Type 1 diabetes.

There were significant differences in VO2max and serum total cholesterol compared to no

training. There were no significant changes in outcomes of HbA1c and plasma glucose. The

study was not blinded due to the nature of the intervention (Ib).

A small cross-sectional study103 evaluating the effect of three months of individualised aerobic

exercise in altering blood pressure and lipid profile found that HbA1c, fructosamine and total

blood glucose did not change significantly from baseline levels. The design of the study would

not represent a sound basis for supporting a recommendation for advocating exercise as

therapy (IIa).

Another study with a similar intervention102 found that four months of aerobic training

provided no changes in terms of HbA1c or total cholesterol, although there were benefits of

exercise compared to control in terms of peak oxygen uptake (IIb).

A prospective non-randomised study104 with a before and after design found that steady-state

plasma glucose was significantly decreased compared to baseline as was plasma insulin with

supervised exercise program (at least 135 minutes/week) for three months compared to no

exercise. Also cholesterol decreased significantly, however there were no reported significant

changes in fasting blood glucose, HbA1c and microalbuminuria (IIb).

Education and exercise

A medium-sized randomised controlled trial105 of intensive advice and lifestyle programme

with specified diet and exercise prescriptions compared to conventional care found that HbA1c
decreased from baseline measurements significantly over six months in the control group but

remained relatively stable in the intervention group, but no between-group comparison was

made. Also, HDL cholesterol and triglycerides were not significantly different between groups

at any phase of the study. However exercise sessions were not standardised in the study and a

lack of blinding limited the validity of the trial (Ib).

A small before and after study106 found that an intervention of 10 hours of education and

physical training three or four times a week produced no metabolic response at three months

with fasting plasma glucose levels and serum cholesterol not changing significantly. Without

blinding or randomisation this evidence is not sufficient to support the use of a mixed

education and exercise intervention for people with Type 1 diabetes (IIb).

Other exercise

A non-randomised prospective controlled study103 to assess whether exercise is related to better

diabetes control was reviewed. There was no significant correlation between the exercise

expenditure and HbA1c in all Type 1 diabetes patients, nor was there any relationship to the

frequency of mild hypoglycaemic events (IIa).
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Guidelines on exercise

The ADA76 guidelines present recommendations based on a good evidence-based review. They

recommend that a thorough evaluation be undertaken of patients before exercise is initiated.

General recommendations for how to exercise safely include:

● metabolic control before activity

● blood glucose monitoring before and after physical activity

● food intake to be considered with added carbohydrate as necessary (Ia).

s Health economic evidence

No evidence was found on the cost-effectiveness of programmes encouraging physical activity

for Type 1 diabetes.

s Consideration

The group noted that the evidence for an improved arterial risk profile in people with Type 1

diabetes was consistent with that for other diabetic and non-diabetic people. Evidence of a

consistent effect in improving blood glucose control was absent, although by analogy with

people with Type 2 diabetes the overweight/insulin-resistant person might benefit from an

exercise programme as part of a lifestyle improvement initiative. Some people will undertake

significant exercise by choice and would benefit from support in so doing.

RECOMMENDATIONS 

R35 Adults with Type 1 diabetes should be advised that physical activity can reduce their C
enhanced arterial risk in the medium and longer term. 

R36 Adults with Type 1 diabetes who choose to integrate increased physical activity into a D
more healthy lifestyle should be offered information about:

● appropriate intensity and frequency of physical activity

● role of self-monitoring of changed insulin and/or nutritional needs

● effect of activity on blood glucose levels (a fall is likely) when insulin levels are 

adequate

● effect of exercise on blood glucose levels when hyperglycaemic and 

hypoinsulinaemic (risk of worsening of hyperglycaemia and ketonaemia)

● appropriate adjustments of insulin dosage and/or nutritional intake for exercise 

and post-exercise periods, and the next 24 hours

● interactions of exercise and alcohol

● further contacts and sources of information.

6.5 Cultural and individual lifestyle 

s Rationale

Cultural and genetic differences between ethnic groups are known to affect health and response

to healthcare for many diseases. In regard of Type 1 diabetes this is particularly true of eating
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habits, while arterial risk is known to differ for the general population and people with Type 2

diabetes. Other care issues seem likely.

s Consideration 

The group were aware of a systematic review designed to detect issues of relevance (rather than

trials of interventions) and identified papers concerning differences in incidence, attitudes to

complications, degree of response to education programmes, blood glucose control, religious

fasting and feasting, and hospitalisation. 

The group noted that cultural and genetic issues affected diabetes healthcare delivery in the

areas of:

● patient education and self-care

● nutritional advice

● insulin therapy (including religious feasts and fasts)

● arterial risk

● blood pressure management

● hospitalisation.

In some areas there was overlap with social/deprivation issues. The group’s recommendations

address cultural/religious issues in the appropriate sections of this guideline, emphasising the

primacy of the individual in this regard. 

RECOMMENDATION

R37 Each adult with Type 1 diabetes should be managed as an individual, rather than as D
a member of any cultural, economic or health-affected group. Attention should be 

paid to the recommendations given elsewhere in this guideline with respect to the 

cultural preferences of individual adults with Type 1 diabetes.
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7 Blood glucose control and insulin therapy

7.1 Clinical monitoring of blood glucose 

s Rationale

Type 1 diabetes is for most of the time asymptomatic once effective therapy is instituted.

However, it is generally understood that there is a relationship between blood glucose control

and the late complications of the condition. Together these observations suggest that some

means of monitoring blood glucose control should help healthcare professionals advise people

with diabetes to best effect on insulin doses, regimens and associated lifestyle issues.

s Evidence statements

Glycated haemoglobin testing

A Diabetes UK consensus statement recommended that only HbA1c should be used in the

monitoring of blood glucose control. Other studies reported within a systematic review89 have

shown discrepancies in the classification of patients between HbA1c and HbA1 assays (IV).

Two studies in a systematic review89 showed high inter-individual variability for GHb assays in

non-diabetic and in diabetic subjects with stable or variable control. One of these studies

suggested an association between clinical control and sampling interval (IIa). 

The same systematic review89 reported on randomised controlled trial evidence supporting the

use of GHb measurements, in particular results cited from the DCCT demonstrated the

usefulness of these assays in contributing to improved long-term blood glucose control and a

reduction in morbidity (Ia).

A Danish systematic review108 reported that HbA1c values allowed clinicians to identify

patients with poor glycaemic control, concluding that GHb is the most clinically appropriate

test of long-term glycaemia and should be used in routine management of Type 1 diabetes (Ia). 

Frequency of monitoring

The optimal frequency of testing has not been established. 

One study within a systematic review89 recommended that no more than six GHb assays were

necessary in a given year (IV).

ADA recommendations76 advise GHb measurements are performed in accordance with clinical

judgements. ADA consensus recommends GHb testing at least twice a year in patients with

stable glycaemic control who are meeting treatment goals. Testing should be more frequent

(quarterly) in patients whose therapy has changed or who are not meeting glycaemic control

targets (IV).
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Fructosamine testing

There are discrepancies in the evidence surrounding the use of fructosamine testing. 

One study within a systematic review89 reported fructosamine testing as able to detect shorter

or more recent fluctuations in blood glucose compared to GHb. Fructosamine testing does not

have the problems of standardisation associated with GHb, thus results are comparable between

laboratories (IIa). 

Two studies within a systematic review89 described a high correlation between fructosamine

and HbA1c, however later studies debated this claim. One study suggested that although

fructosamine correlates with HbA1c, the value of HbA1c in an individual cannot routinely be

inferred with reliability from the level of fructosamine (IIa). 

Two studies contained within a systematic review,89 in patients with renal failure and elderly

Type 2 diabetes patients with liver cirrhosis and nephrotic syndrome, suggest the influence of

chronic conditions rather than metabolic control on fructosamine levels is the source of

unreliability in test result. The systematic review concludes that more evidence is needed to

resolve these issues (IV).

One correlation study within a review89 showed no significant correlation between HbA1c and

fructosamine results over a six month follow-up (III). 

Frequency of monitoring

ADA recommendations76 state that assays of glycated serum protein would have to be

performed on a monthly basis to gather the same information as measured in GHb three to

four times per year (IV).

A systematic review89 urges caution in using fructosamine testing, in light of the fact that

fructosamine values can be improved by increased concordance a week or two before testing (IV).

Another study found that fasting blood glucose level (FBG) and serum fructosamine are not as

useful as HbA1c for monitoring diabetic control, but are additional extras for assessing control

over short and long periods89 (IIa).

Continuous glucose monitoring systems

Three observational studies109–111 compared continuous glucose monitoring systems (CGMS)

with SMBG. Studies demonstrated good correlation of CGMS with plasma and capillary

measures of blood glucose over a range of blood glucose values. Error grid analysis showed the

majority of readings fell within a clinically acceptable margin of error across all studies (III). 

One study111 reported acceptable level of comfort with CGMS. However, none of these studies

address viable outcomes of glycaemic control or long-term use. Study methodology is not

clearly reported (III). 

Near patient testing

In this guideline, ‘near patient testing’ is defined as a biochemical or other test at or near (in

time and place) the clinical consultation, such that the result is available at the consultation.
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One controlled trial within a systematic review112 demonstrated that near patient testing led to

an increase in management changes for patients with poor glucose control. Near patient testing

for HbA1c improved the process of care of patients (IIa).

In the same review,112 questionnaires recording patient satisfaction of near patient testing

concluded that the introduction of near patient testing for HbA1c improves the likelihood of

monitoring and discussion of glycaemic control at patient visits. Patients reported that this was

important to them and resulted in greater satisfaction with the test information provided (III).

Within the health technology assessment,112 a retrospective cohort study showed that, after

allowing for confounding factors, mean HbA1c level was lower following near patient testing

and the immediate availability of results. In order to precisely quantify the effect of the testing

system on HbA1c level, further, prospective studies are required (IIa).

A systematic review89 reported four studies on the effectiveness of benchtop analysers

compared with traditional laboratory methods. Two studies showed comparable results

between the two techniques when operated by non-medical personnel. One study found that

the benchtop analyser, although reliable, tended to slightly underestimate HbA1c, compared

with high performance liquid chromatography (HPLC) (IIa).

s Health economic evidence

An HTA report112 produced cost estimates for near patient testing conducted by a laboratory

or nurse against conventional testing. However, little data was available on the effects of near

patient testing on clinical or quality of life outcomes. For health economics to provide guidance

in this area, the long-term effects of different types of clinical monitoring on glycaemic control

and subsequent complications must be known.

A recent HTA report89 recommended further research into the cost-effectiveness of near patient

testing for diabetes, FBG and fructosamine testing. No other paper in the health economics

searches specifically addressed the issue of clinical monitoring.

s Consideration

The group endorsed the utility of having a frame of reference against which people with

diabetes and the professionals advising them could assess risk and risk threshold for micro- and

macro-vascular disease in terms of blood glucose control. This was a core component of

intensification of therapy in studies showing improved long-term outcomes. HbA1c is the only

measure for which quantitative information linking glucose control to complications is

available, and then only when standardised to the assay used in the DCCT study. Near patient

testing was felt to be a core component of making optimal and relevant use of HbA1c results.

Continuous glucose monitoring systems were considered to not yet have established their

usefulness beyond problem-solving in the occasional person with recurrent blood glucose

control problems at the same time of day.
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RECOMMENDATIONS

R38 Clinical monitoring of blood glucose levels by high precision DCCT-aligned methods D
of haemoglobin A1c (HbA1c) should be performed every two to six months depending on:

● achieved level of blood glucose control

● stability of blood glucose control

● change in insulin dose or regimen.

R39 Site-of-care measurement, or measurement before clinical consultation, should be D
provided.

R40 HbA1c results should be communicated to the person with Type 1 diabetes after each D
measurement. The term ‘A1c’ can be used for simplicity.

R41 Total glycated haemoglobin (GHb) estimation, or assessment of glucose profiles, should A
be used where haemoglobinopathy or haemoglobin turnover invalidate HbA1c
measurement.

R42 Fructosamine should not be used as a routine substitute for HbA1c estimation. B

R43 Continuous glucose monitoring systems have a role in the assessment of glucose B
profiles in adults with consistent glucose control problems on insulin therapy, notably:

● repeated hyper- or hypoglycaemia at the same time of day

● hypoglycaemia unawareness, unresponsive to conventional insulin dose adjustment. 

7.2 Glucose control assessment levels

s Rationale

The DCCT, and a number of smaller studies which are potentially underpowered,113 suggest

that more intensive management of people with Type 1 diabetes (by themselves, with advice)

reduces the rate of development of microvascular complications over a period of years. The

primary metabolic improvement in the DCCT was lowering of blood glucose level, and this was

the measure used in that study to drive the intensification of therapy. This suggests that using

measures of blood glucose control in the routine management of therapy in people with Type 1

diabetes is well founded. 

A question then arises as to what level of blood glucose control people with diabetes should

choose to strive for. A closely related question is what level(s) of glucose control should be used

in assessing the performance of diabetes services. 

‘Targets’ have been criticised by some as not giving flexibility for individuals with particular

problems (eg hypoglycaemia) to be content with higher HbA1c levels, which allows some

longer-term risk for a gain in current well-being. It is clearly useful to be able to identify those

in whom newer and more expensive technologies could be tried in an attempt to reduce

microvascular risk, and to distinguish them from those who already achieve safe (or safer) levels

on their current therapy. People with diabetes need information on what blood glucose level

they need to attain if they wish to minimise vascular risk. 
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s Evidence statements – guidelines

In 1989, the European NIDDM Policy Group (Type 2 diabetes) suggested HbA1 was good

<8.5%, acceptable 8.5–9.5%, poor >9.5% (equivalent to HbA1c of <6.9, 6.9–7.7, >7.7%). No

evidence for these limits was given, and it was not clear whether the intent was for micro- or

macrovascular protection or both. However, the need to individualise by life expectancy was

acknowledged114 (IV).

In 1993, the above guidelines were revised to HbA1c <6.5%, 6.5–7.5%, and >7.5%. The European

IDDM Policy Group (Type 1 diabetes) (WHO, IDF, St Vincent) met concurrently and agreed

these, but using the terminology ‘good’, ‘borderline’ and ‘poor’ to describe the groups. These pre-

DCCT recommendations are not justified in the text115 (IV). See Table 3, below, for how that

guideline maps these assessment levels to self-monitored blood glucose equivalents.

In 1998, the European Diabetes Policy Group revised its terminology to ‘assessment levels’, giving

advice on how to use assessment levels to set targets for individuals. These were, for HbA1c:

adequate 6.2–7.5%, inadequate >7.5%. However the relation of this 7.5% to glucose levels was

then revised to equivalent to a self-monitored pre-prandial level of 6.5 mmol/l and post-prandial

9.0 mmol/l. These post-DCCT recommendations are not justified in the text115 (III).

The NICE (inherited) Type 2 diabetes guideline on glucose control reads (NICE):

Evidence: narrative

The UKPDS showed that the reduction over a median of 10 years in HbA1c from 7.9 to 7.0% using

sulphonylureas or insulin provided much of the benefit that could be expected from that degree of

improved glycaemic control. However it also illustrated the difficulties in being able to reach this level

(7.0%) in a substantial proportion of people. Thus providing only one target is likely to encounter a

significant number of people who ‘fail’ to meet that target. Similarly for some individuals an even

lower target is desirable as they may have additional risk factors which necessitates even tighter blood

glucose control. The UKPDS also suggested that there were no thresholds for cessation of benefit and

that the lower the level of mean HbA1c the better. 

Working group commentary

The Working group tried to reflect these issues when deciding upon a target HbA1c. They concluded

that a range was the best option, recognising the difficulty in achieving a low target whilst recognising

the importance of trying to achieve as near normal an HbA1c level as possible, and in particular

recognising that additional risk factors made the lower limit even more important for many

individuals. While no study suggests clear thresholds, the group noted on the basis of the

epidemiological evidence in the DCCT (Type 1 diabetes) and UKPDS that microvascular risk was low

once average HbA1c was around 7.0–8.0% while arterial risk continued to fall down to 6.0 to 7.0%

(DCCT standardised).
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HbA1c (%) Pre-prandial (mmol/l) Post-prandial (mmol/l)

6.5 6.1 8.0

7.5 8.0 10.0

Table 3 Blood glucose equivalents (self-monitored) of HbA1c assessment levels, as given
in the 1993 European IDDM Policy Group guideline



Thus the target for each individual should be set which fully takes into account: their assessed risk

factors, including: age, BMI, blood pressure and lipid status, side effects of therapy, other individual

factors, patient choice.382

The NICE Type 2 diabetes guidelines therefore recommended 6.5% to 7.5% as ideal targets,

individualised by balance of macrovascular (tend to 6.5%) and microvascular (7.5%) risk (NICE).

The ADA has republished its recommendations yearly.76 These choose a ‘glycaemic goal’ of

HbA1c <7.0% for adults (type of diabetes not specified), equating this to pre-prandial

<7.2 mmol/l and peak post-prandial <10.0 mmol/l. However, a table in the same paper suggests

that an HbA1c of 7.0% equates to mean self-monitored plasma glucose of 9.5 mmol/l116 (IV).

However in the same issue (January 2003),76 the ADA notes in a chapter on ‘Implications of the

DCCT’ that the level of glucose control to be sought under ideal circumstances is an HbA1c of

around 7.2% (average glucose 8.6 mmol/l). This argument is based on that achieved in the

DCCT, and is thus not theoretically justified (IV). 

The microvascular risk threshold is what determines the diagnostic threshold for diabetes. In

theory, oral glucose tolerance test (OGTT) findings should give some guidance as to this

threshold. Unfortunately these are mainly based on non-physiological glucose load findings,

and set a top limit of risk for 2h post-prandial levels. Fasting levels have been set as a

microvascular threshold of 7.0 mmol/l (based on epidemiological equivalence with 2h OGTT

levels), which would map to a DCCT-harmonised HbA1c of about 7.7% (IV). 

s Evidence statements

Simple direct findings indicating the microvascular risk level for people with Type 1 diabetes

are not available.

The DCCT data has never been satisfactorily analysed with a view to answering this question.

A graph in the original main paper117 suggests a curvilinear relationship between control and

complications, giving the conclusion that lower is always better (ignoring the hypoglycaemia

issue for this purpose), down at least to the levels measured in the study (5.5%). This

conclusion is called into question because (IIa):

● it is based on study averages, and even people at lower levels over nine years may have

been at high levels at times

● it takes no account of pre-trial levels

● incident retinopathy is counted only in a forward (worsening) direction, which makes no

allowance for false negative retinopathy at baseline

● worsening retinopathy is known to occur in the first two years after improvement of

blood glucose control, and this is not discounted.

Further analysis was published in 1995.118 Unfortunately, this is mostly in the form of a series

of fitted curves without the data on which they are based. Curves of risk vs time suggest that

retinopathy progression in the intensively managed group did not increase with time with a

mean HbA1c of 8.0%, and increased little at this level in the conventionally managed group

with time (IIa).

Reanalysis of the published DCCT curve118 suggests no worsening of retinopathy rates from

normal levels until HbA1c >8.0%; the ‘low’ rates (2% per 100 patient years) below that may be
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artefact for the reasons given above. The UKPDS (epidemiological analysis, Type 2 diabetes,

microvascular disease) suffers much the same problems.119 A similar level is found for

retinopathy of 2% per 100 patient years at an HbA1c of 7.5% and of 1% per 100 patient years

at a level of 6.5% (III). 

One study (1989)120 studied HbA1 and retinopathy incidence long term in Belfast. While some

clear relationships were established the data showing no proliferative retinopathy below an

HbA1 of 10.0% (HbA1c 8.5%) are compromised by very small numbers, and only interquartile

ranges are given for non-proliferative retinopathy (III). 

Neither the Oslo nor Stockholm studies of control and complications in Type 1 diabetes121 give

useful data on targets and thresholds, beyond showing that people with lower levels on average

do better (III). 

A non-randomised controlled study122 looked prospectively at glycated Hb and micro-

albuminuria risk in people with Type 1 diabetes attending their clinic. Their data did suggest a

threshold effect (small and unchanging incidence below threshold, sharp rise above), at

7.9–8.5% HbA1c (the authors chose to centre on 8.1%) (IIa). 

A non-randomised controlled study123 looked at how glycated Hb measurement related to

OGTT results, performing a meta-analysis on 18 studies. Unfortunately most of these were

published before any kind of GHb standardisation, rendering the results uninterpretable (IIa). 

A further cohort study124 looked in more detail at GHb, fasting and 2h glucose as diagnostic

methods (and thus mainly Type 2 diabetes), using retinopathy and nephropathy as outcome

measures. It may be noted that the Wisconsin data suggested that the microvascular/glucose

control relationships were the same in Type 1 and Type 2 diabetes. The data presentations are

strongly reminiscent of previous work,122 with low and unchanging incidence of microvascular

disease up to an inflection point, then sharply rising rates. The thresholds for fasting glucose

appear to be somewhere above 6.8 mmol/l (consistent with older OGTT data), and HbA1c
somewhere above 7.4% (and below 9.1%) (IIa). 

Glucose equivalents

Two non-randomised controlled studies116,125 report the relationship between HbA1c and self-

monitored pre- and post-prandial glucose levels. The reports are consistent and can be related

to DCCT-harmonised assays. It must be noted that these studies used pre-determined, self-

monitored profiles taken from memory meters, and cannot easily be translated into patient-

selected estimations, or only pre-prandial monitoring. They also omit the effects of night-time

glucose profiles between bedtime and pre-breakfast readings. These data give the most robust

evidence of the relationship between HbA1c and the toxic glucose concentrations which

actually cause the microvascular damage (IIa). 

s Consideration

There must be a threshold for glucose control and the development of microvascular

complications, or non-diabetic people would get complications. Indeed, this threshold must be

well above the normal range as people with impaired glucose tolerance (IGT) do not (by
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definition) get microvascular complications. As people with IGT have HbA1c levels of up to

7.0%, this by itself sets a lower limit of microvascular risk.

The microvascular thresholds of HbA1c 7.5% set around 10 years ago have stood the test of all

data published since. If anything the DCCT, Krolewski and McCance data suggest a figure closer

to 8.0%.

Recommendations from the ADA (7.0%) and American College of Endocrinologists (6.5%) are

not specific to type of diabetes; data does suggest macrovascular protection is gained by

lowering blood glucose levels into the normal range, and the NICE (inherited) guidelines for

Type 2 diabetes go for HbA1c 6.5% in these higher arterial risk individuals.

Some people with Type 1 diabetes are at higher arterial risk, notably those with developing

nephropathy. This can be identified by increased albumin excretion rate. The presence of

features of the metabolic syndrome will also predict higher arterial risk. It may be appropriate

to consider tighter targets for glucose control (if feasible) in people in these categories. 

However, these levels are better considered as assessment levels, to be used in setting realistic

targets for the individual. Major diabetes services in Europe currently only get about 20% of

people with Type 1 diabetes into the sub-7.5% bracket. UK composite data (UKDIABS) shows

some services doing better, but this may only represent non-standardised GHb estimation.

That current technologies of diabetes care markedly limited the proportion of people on insulin

who were able to manage themselves to ideal levels was not seen as a bar to setting such

assessment levels. It was noted that arterial risk would be likely to have a different relationship

in this regard from microvascular risk, and that for the former there was little direct

information available for people with Type 1 diabetes, but that the understandings gained in

Type 2 diabetes and people without diabetes gave strong guidance in this respect. It was felt that

as the assessment of the evidence available pointed to target definition in the same range as

other published guidelines, and in particular the NICE inherited guidelines for Type 2 diabetes,

there was practical utility for practice of care in having matching recommendations. Lastly the

problem of hypoglycaemia in limiting was what achievable in any individual should be

addressed within any recommendations, to assuage inappropriate attempts to achieve tight

control and counter impressions of failure if targets are not attained. 

RECOMMENDATIONS

R44 Adults with Type 1 diabetes should be advised that maintaining a DCCT-harmonised B
HbA1c below 7.5% is likely to minimise their risk of developing diabetic eye, kidney

or nerve damage in the longer term.

R45 Adults with Type 1 diabetes who want to achieve an HbA1c down to, or towards, D
7.5% should be given all appropriate support in their efforts to do so.

R46 Where there is evidence of increased arterial risk (identified by a raised albumin NICE
excretion rate, features of the metabolic syndrome, or other arterial risk factors) people 

with Type 1 diabetes should be advised that approaching lower HbA1c levels (for 

example 6.5% or lower) may be of benefit to them. Support should be given to 

approaching this target if so wished. 
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R47 Where target HbA1c levels are not reached in the individual, adults with Type 1 diabetes B
should be advised that any improvement is beneficial in the medium and long term, 

and that greater improvements towards the target level lead to greater absolute gains. 

R48 Undetected hypoglycaemia and an attendant risk of unexpected disabling hypoglycaemia D
or of hypoglycaemia unawareness should be suspected in adults with Type 1 diabetes who

have:

● lower HbA1c levels, in particular levels in or approaching the normal reference range

(DCCT harmonised <6.1%) 

● HbA1c levels lower than expected from self-monitoring results.

R49 Where experience or risk of hypoglycaemia is significant to an individual, or the effort D
needed to achieve target levels severely curtails other quality of life despite optimal use 

of current diabetes technologies, tighter blood glucose control should not be pursued 

without balanced discussion of the advantages and disadvantages.

Note: A new chemical standard for HbA1c has been developed by the International Federation of

Clinical Chemistry (IFCC). This reads lower by around 2.0% (units), and will be the basis of

primary calibration of instruments from 2004 onwards. However, this does not preclude the use of

DCCT-harmonised levels, and views from patient organisations and professional bodies at a recent

Department of Health meeting (July 2003) are that all HbA1c reports should be DCCT aligned,

pending some internationally concerted policy change.

7.3 Insulin regimens

s Rationale

Type 1 diabetes is an insulin deficiency disease. Physiological insulin delivery is regulated on a

minute-to-minute basis, while therapeutic insulin is given a small number of times a day.

Furthermore subcutaneous depot insulin preparations have, until recently, not come close to

providing the physiological plasma insulin profiles occurring at mealtimes or in the inter-

prandial basal state. A number of preparations of mealtime and extended-acting insulins are

available, and combining these to suit individual needs, while taking account of preferences for

numbers of injections, gives a variety of possible insulin regimens of differing characteristics. 

While insulin deficiency is the hallmark of Type 1 diabetes, a few people retain some insulin

secretion for a short time (and might therefore benefit from insulin secretagogues). Some

glucose-lowering drugs work on gut absorption of nutrients or on the insulin effector tissues,

and might therefore be expected to be of benefit in some individuals even when completely

insulin deficient and managed on insulin replacement therapy.

s Evidence statements

Insulin and insulin analogues

Insulin with the molecular structure of human and animal insulins is currently available.

Evidence from the majority of studies126–8 reports no significant differences in hypoglycaemic

episodes and glycaemic control between the insulin of human and animal chemical

structures (Ia).
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Conventional two-dose insulin regimens may result in a high frequency of nocturnal

hypoglycaemia. Intensified three-dose insulin regimens improve glycaemic control, but often

do not improve morning blood glucose129 (Ia).

Continuous subcutaneous insulin infusion (CSII) improves nocturnal and morning glycaemic

control compared with multiple daily injection (MDI) regimens. With multiple injection

regimens the morning injection must not be delayed. Total and bolus insulin doses required are

lower with CSII compared with MDI130 (Ib).

Mortality from acute metabolic causes (ketoacidosis) was reported as significantly increased

with intensified treatment; odds ratio 7.20 (pumps) 1.13 (multiple daily injection).129 The

pump data is however based on early pump technologies (Ia).

Similar glycaemic control results from either lente or isophane (NPH) insulin when used as

basal insulin for multiple injection regimens together with a short-acting insulin preparation

before meals131 (Ib).

On the balance of effectiveness and cost-effectiveness evidence, insulin glargine, which has a

peakless action profile, is also recommended as a long-acting preparation for people with

Type 1 diabetes;132 some studies in this review show significantly lower fasting blood glucose

with insulin glargine than isophane (NPH) insulin and others suggest that people on insulin

glargine may experience fewer hypoglycaemic events than people receiving once-daily isophane

(NPH) insulin132 (NICE).

Evidence from a large multicentred study suggests that people commonly inject insulin closer

to mealtime than the recommended 30 minutes. Due to slow absorption and delayed action,

the use of unmodified (‘soluble’) human insulin as pre-meal dose results in high and variable

post-breakfast blood glucose concentrations, which together with the incidence of later

hypoglycaemia suggests that this regimen does not give satisfactory post-prandial blood glucose

control in many patients133 (Ib).

Rapid acting insulin analogues allow injection closer to mealtimes due to their pharmacokinetic

profile134–6 (Ib).

A meta-analysis137 and several open-label trials133,138–145 show that insulin lispro is more

effective than unmodified (‘soluble’) human insulin in improving post-prandial glucose

control, without an increase in the rate of hypoglycaemic episodes (Ia).

Two studies146–7 show reduced frequency of nocturnal hypoglycaemia148 with insulin lispro

compared to unmodified (‘soluble’) human insulin (Ib).

Two studies148–9 show reduced frequency of severe hypoglycaemia with insulin lispro

compared to unmodified (‘soluble’) human insulin (Ia).

Patients perceive an improvement in their well-being and quality of life with rapid-acting

insulin analogues due to flexibility of injection times and less frequent hypoglycaemic

reactions128,141,146 (Ib). 

The effects of insulin lispro on HbA1c levels (overall glycaemic control) have not been firmly

established.133,137,149 The long-term safety profile is as yet unknown (Ia).
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Two multicentre randomised studies149–50 and one RCT135 showed insulin aspart to improve

post-prandial glucose control more effectively than unmodified (‘soluble’) human insulin,

without an increase in the rate of hypoglycaemic episodes. Fewer major hypoglycaemic

episodes were observed (Ia).

A before-and-after study has shown that a lower dose of mealtime insulin can be taken along

with an increase in basal dose, with no increase in hypoglycaemic episodes when insulin lispro

is used as a replacement for human insulin as mealtime injection therapy142 (IIb). 

Two randomised trials have shown that it is possible to replace mealtime unmodified (‘soluble’)

human insulin with insulin lispro or insulin aspart without detriment to glycaemic control if

care is taken to replace basal insulin delivery more physiologically151–2 (Ib). 

A multi-arm randomised trial found that adding a few units of isophane (NPH) insulin to

insulin lispro at each meal, in combination with bedtime NPH insulin improves blood glucose

concentrations compared to an unmodified (‘soluble’) human insulin regimen in a multidose

regimen136 (Ib).

Splitting the evening administration of insulin to short-acting insulin at dinner and isophane

(NPH) insulin at bedtime has a number of advantages over mixed administration of short-

acting insulin and isophane (NPH) at dinner. Compared with the mixed mealtime regimen, the

evening split regimen reduced by more than 60% the risk of nocturnal hypoglycaemia;153–4

improved long-term control of blood glucose levels, decreased variability of blood glucose

levels in fasting state and led to improvement in preserved hormonal, symptom and cognitive

function responses to hypoglycaemia (Ib).

When basal insulin replacement is by either continuous subcutaneous insulin infusion (CSII)

or multiple daily administrations of isophane (NPH) insulin, the long term administration of

lispro at mealtime reduces HbA1c;130 however, compared with multiple daily injections,

patients using continuous subcutaneous administration of insulin (mainly those using older

systems) have been at a significantly higher risk of ketoacidosis (Ib).

Frequency of hypoglycaemic reactions was found to be similar on patient-mixed and premixed

insulins.143,155 One randomised controlled trial showed premixed preparations of insulin

analogues to be well suited for those who wish to limit the number of daily injections;155 83% of

people expressed a preference for premixed insulins throughout the trial (Ib).

Few studies have addressed the needs of people with diabetes with suboptimal glucose control,

and none of suitable design from the evidence hierarchy were found for review.

In a group of people with Type 1 diabetes with poor glucose control, the introduction of more

intensive insulin regimens may lead to high loss to follow-up.156

Poor outcome appears to be due to the people refusing the constraints of multiple daily

injections, effective blood glucose self-monitoring and regular clinic visits at short time

intervals. It was suggested that people should be given clear and concise information on

treatment goals and the ways in which these goals are to be attained as well as an explanation

of the advantages and disadvantages (IV).

Few studies addressed the needs of people newly diagnosed with diabetes and none of suitable

design from the evidence hierarchy were found for review.
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Acarbose and insulin combination therapy

Four randomised controlled trials, two large parallel groups,157–8 and two small crossover

designs159–60 were identified that examined the use of acarbose in conjunction with insulin

therapy compared to insulin and placebo in each case, in people with Type 1 diabetes. A

multicentred study157 with variable doses titrated up to 300 mg three times a day for 24 weeks,

found a significant reduction in HbA1c levels with acarbose compared to placebo, and decreases

in fasting and post-prandial glucose levels to two hours. There were no differences between

groups for daily insulin dose or hypoglycaemic events, although adverse events of abdominal

pain, diarrhoea and flatulence were more common with acarbose. This led to more frequent

treatment discontinuation in the acarbose group than the placebo group. A similar Italian

trial158 with up to 100 mg acarbose three times daily for 24 weeks found no difference in HbA1c
levels, daily insulin dose, fasting glycaemia and total cholesterol. However, a significant decrease

was found in two-hour post-prandial plasma glucose level, and HDL cholesterol levels were

lower in people on acarbose than placebo. Again minor adverse events were more common in

the acarbose group, but hypoglycaemic episodes were similar in both groups. Although care

was taken not to alter baseline insulin doses, this could be adjusted if glucose levels exceeded

11.1 mmol/l or reduced with hypoglycaemic episodes (Ib).

The two crossover trials with 100 mg acarbose three times a day over relatively short time

periods did not assess requirement for wash out periods (although analysis in one found no

effect of treatment order) and did not account for study withdrawals. One study found a benefit

in terms of HbA1c with acarbose,160 while the other found no significant differences between

groups.159 Potential methodological limitations of these trials would not permit them to be

used as an evidence base to inform recommendations in this area (Ib).

Sulfonylurea and insulin combination therapy

Two small randomised controlled trials investigated the use of glibenclamide (called ‘glyburide’

as the trials were conducted in the USA) in the therapy for Type 1 diabetics. A study using 5 mg

glyburide (orally) for 12 weeks compared to placebo after a 12-week open-label insulin

stabilisation run-in period161 found fasting blood glucose declined significantly at 12 weeks

from baseline, although no comparison was made between groups. No differences were found

in daily insulin dose or glycated haemoglobin levels at any stage of the study. A randomised

study without comparison between groups at baseline with 5 mg glyburide daily for 24 weeks

compared to placebo162 found no differences in plasma C-peptide levels between groups, nor

difference in plasma glucose concentrations at any time point. Although HbA1c levels were

reported to have changed more from baseline in the glyburide treated group at six weeks,

potential methodological limitations of these trials would not permit them to be used as an

evidence base to inform recommendations in this area (Ib).

Comparison of 15 mg of glibenclamide daily with placebo in addition to insulin therapy in a

small sample of people with Type 1 diabetes in a randomised double-blind crossover study163

found mean blood glucose level, HbA1c and blood glucose variability to be significantly lower

with the intervention among people who retained endogenous insulin production. No such

differences were found in a subgroup who were C-peptide negative. Although the study had a

medium-term intervention period of three months, it did not provide analysis of the cohort as

a whole for glibenclamide vs placebo and thus cannot be used for recommendations given the
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small sample sizes of the subgroups, and the inherent difficulties of extrapolating such findings

to a wider population (Ib).

A reduced insulin requirement at 18 months was found in patients given 80 mg gliclazide twice

a day compared to placebo in a small sample in a long-term study.164 Although glycated

haemoglobin both fasting and one hour post-breakfast were found to be very similar in both

groups, the gliclazide group had C-peptide levels significantly higher than people on placebo

for the same test times of the day, at six-monthly assessment points to 18 months. This

study only applies to people with retained endogenous insulin secretion, and thus not the

overwhelming majority of people with Type 1 diabetes (Ib). 

Metformin

A medium-sized randomised controlled study found that the addition of metformin to an

insulin regimen provided by CSII was able to reduce the total IR required by the person with

Type 1 diabetes (including reduced basal therapy) as compared to placebo over a period of

six months. This was achieved without significant change to HbA1c or increased incidence of

hypoglycaemia (Ib).

s Health economic evidence

The health economic searches produced no studies giving guidance on appropriate insulin

regimens for those newly-diagnosed with Type 1 diabetes or for the management and

prevention of hypoglycaemia, with the exception of the NICE appraisal of insulin glargine.

The health economic searches found no published papers dealing with insulin glargine or NPH

insulin. A recent NICE technology appraisal132 recommended insulin glargine as a long-acting

preparation for people with Type 1 diabetes alongside insulin NPH. The crucial issue for the

cost-effectiveness of insulin glargine is the amount of utility associated with reducing the fear

of hypoglycaemia.

Two cost-benefit studies were identified that considered the role of insulin lispro.342,380 Neither

paper was based in the UK (Canada, Australia), and both suggest that the willingness to pay for

insulin lispro will outweigh its additional cost. The cost-effectiveness of lispro is unclear and is

likely to be most favourable amongst those who require increased flexibility in setting

mealtimes, or those for whom mealtimes are often unpredictable.

The issue of the cost-effectiveness of intensive insulin therapy is complicated by a shortage of

unconfounded data. The DCCT showed that a series of interventions including intensive

insulin therapy reduces the rate of diabetic complications and increases life expectancy amongst

an unrepresentative sample of adults and adolescents with Type 1 diabetes. Because of the

complexity of this intervention, health economic analysis of the DCCT data has typically

assumed that these reductions are primarily due to intensive insulin regimens.

The health economic searches found three models designed to find the cost-effectiveness of

intensive treatment,343–4,381 of which two attempted to form QALYs. The health utility values

in each of the studies are poor: in one study343 non-preference-based values are used; in

another381 only a very small sample was used to find health utilities. Both studies considered

only a small number of health states and both suggest that intensive therapy is cost-effective.
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Two models analysed intensive treatment in cost-per-life-year terms, and differed in their

results. One study343 produced a cost-per-life-year figure of US$28,661 at 1994 prices, whilst

another344 found a figure several times larger. Neither study used UK costs. Note that as several

diabetic complications will affect quality of life but will not significantly shorten life expectancy,

the cost-per-QALY figure may be lower than the corresponding cost-per-life-year figure. Two

cost analyses also suggest that the DCCT cost estimates may be overestimates.345–6 Few

inferences can be drawn because these studies are limited but it appears likely that intensive

treatment, including intensive insulin regimens, will be cost-effective.

s Consideration 

It was noted that Type 1 diabetes is a hormone deficiency disease. The problems faced by people

with the condition (injections, hypoglycaemia, hyperglycaemia, consequences of capricious

control, late complications) were noted to be solely a function of the poor state of insulin

replacement therapy. 

The group noted that the use of insulin injections in people with Type 1 diabetes is not RCT-

based and never could be. It was also noted that, prior to the introduction of short- and long-

acting insulin analogues, the use of insulin regimens based on a combination in various forms

of unmodified (soluble) human insulin before meals and human isophane (NPH) insulin for

basal supply had become widespread, and that, the analogues aside, there was no evidence to

challenge that conventional practice. Long-acting analogues, or rather insulin glargine, are

covered by NICE appraisal guidance, and this recommends their availability for use in people

with Type 1 diabetes. Rapid-acting insulin analogues are supported by an evidence base for less

hypoglycaemia at night and at some other times, reduced hyperglycaemic excursions after

meals and small improvements in HbA1c, suggesting that these too should have an increasing

role in people with Type 1 diabetes. 

The group was aware that the evidence for combining the advantages of rapid- and long-acting

insulin analogues was evolving as the knowledge base to use these technologies improves. This

combination would be particularly suitable to matching with active mealtime insulin dose

adjustment (AMIDA, see dietary recommendations in 6.3). Some recent NICE technology

appraisals provided a health economic basis for supporting this regimen, should appropriate

improvements in HbA1c be demonstrated. Accordingly the recommendations were drafted to

allow choice of human or combined analogue regimens including from the time of diagnosis.

The group noted the potential usefulness of the new insulins in some special situations,

including religious feasts and fasts, and shift work. A need to address insulin starters and people

who wished for smaller numbers of injections was identified. A need to caution against using

newer, more expensive insulins in people with control problems without proper assessment of

underlying causes was felt appropriate. The NICE appraisal of insulin pumps (effectively an

insulin regimen rather than a device) was noted, and no elaboration felt to be needed on that. 

The group found the evidence for the general recommendation of any glucose-lowering drug

in combination with insulin to be unconvincing. While there may be a small gain in overall

glucose control evidenced inconsistently in the acarbose studies, the size of this gain, the

prevalence of intolerance, and the suggestion of increased hypoglycaemia, together were taken

as indicating that no recommendation for the general use of this drug in this context could be

made. 
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The use of metformin and insulin sensitisers in people with Type 1 diabetes and the metabolic

syndrome has not been adequately investigated.

The group was aware of the concern that arterial complications in people with Type 1 diabetes

were associated with features of the metabolic syndrome as seen in Type 2 diabetes, and that

there was evidence of benefit in people with Type 2 diabetes for some drugs, notably metformin

(UKPDS study) and PPAR-γ agonists (see NICE guidance). While not endorsing the general use

of such drugs in people with Type 1 diabetes and features of the metabolic syndrome (see

section 8.2, ‘Arterial disease management’), the group noted that further investigation might

support the high a priori likelihood of benefit in this high-risk situation. 

RECOMMENDATIONS 

R50 Adults with Type 1 diabetes should have access to the types (preparation and species) A
of insulin they find allow them optimal well-being.

R51 Cultural preferences need to be discussed and respected in agreeing the insulin regimen D
for a person with Type 1 diabetes.

R52 Multiple insulin injection regimens, in adults who prefer them, should be used as part A
of an integrated package of which education, food and skills training should be integral 

parts.

R53 Appropriate self-monitoring and education should be used as part of an integrated D
package to help achieve optimal diabetes outcomes.

R54 Mealtime insulin injections should be provided by injection of unmodified (‘soluble’) D
insulin or rapid-acting insulin analogues before main meals.

R55 Rapid-acting insulin analogues should be used as an alternative to mealtime A
unmodified insulin:

● where nocturnal or late inter-prandial hypoglycaemia is a problem

● in those in whom they allow equivalent blood glucose control without use of snacks

between meals and this is needed or desired. 

R56 Basal insulin supply (including nocturnal insulin supply) should be provided by the D
use of isophane (NPH) insulin or long-acting insulin analogues (insulin glargine). 

Isophane (NPH) insulin should be given at bedtime. If rapid-acting insulin analogues 

are given at mealtimes or the midday insulin dose is small or lacking, the need to give 

isophane (NPH) insulin twice daily (or more often) should be considered.

R57 Long-acting insulin analogues (insulin glargine) should be used when: D

● nocturnal hypoglycaemia is a problem on isophane (NPH) insulin

● morning hyperglycaemia on isophane (NPH) insulin results in difficult daytime 

blood glucose control

● rapid-acting insulin analogues are used for mealtime blood glucose control.

R58 Twice-daily insulin regimens should be used by those adults who consider number of D
daily injections an important issue in quality of life:

● biphasic insulin preparations (pre-mixes) are often the preparations of choice in this

circumstance 
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● biphasic rapid-acting insulin analogue pre-mixes may give an advantage to those prone to

hypoglycaemia at night.

Such twice daily regimens may also help:

● those who find adherence to their agreed lunchtime insulin injection difficult

● adults with learning difficulties who may require assistance from others. 

R59 Adults whose nutritional and physical activity patterns vary considerably from day-to- D
day, for vocational or recreational reasons, may need careful and detailed review of their 

self-monitoring and insulin injection regimen(s). This should include all the appropriate

preparations (see R55–7) and consideration of unusual patterns and combinations.

R60 For adults undergoing periods of fasting or sleep following eating (such as during D
religious feasts and fasts or after night-shift work), a rapid-acting insulin analogue 

before the meal (provided the meal is not prolonged) should be considered.

R61 For adults with erratic and unpredictable blood glucose control (hyper- and D
hypoglycaemia at no consistent times), rather than a change in a previously optimised insulin

regimen, the following should be considered:

● resuspension of insulin and injection technique

● injection sites

● self-monitoring skills 

● knowledge and self-management skills

● nature of lifestyle

● psychological and psychosocial difficulties

● possible organic causes such as gastroparesis. 

R62 Continuous subcutaneous insulin infusion (insulin pump therapy) is recommended NICE
as an option for people with Type 1 diabetes provided that:

● multiple-dose insulin therapy (including, where appropriate, the use of insulin 

glargine) has failed;* and 

● those receiving the treatment have the commitment and competence to use the 

therapy effectively.

R63 Partial insulin replacement to achieve blood glucose control targets (basal insulin only, D
or just some mealtime insulin) should be considered for adults starting insulin therapy, 

until such time as islet B-cell deficiency progresses further.

R64 Clear guidelines and protocols (‘sick day rules’) should be given to all adults with D
Type 1 diabetes to assist them in adjusting insulin doses appropriately during 

intercurrent illness.

R65 Oral glucose-lowering drugs should generally not be used in the management of adults D
with Type 1 diabetes.
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* People for whom multiple-dose therapy has failed are considered to be those for whom it has been impossible

to maintain an HbA1c level no greater than 7.5% (or 6.5% in the presence of microalbuminuria or adverse

features of the metabolic syndrome) without disabling hypoglycaemia occurring, despite a high level of self-

care of their diabetes. ‘Disabling hypoglycaemia’, for the purpose of this guidance, means the repeated and

unpredicted occurrence of hypoglycaemia requiring third-party assistance that results in continuing anxiety

about recurrence and is associated with significant adverse effect on quality of life.



7.4 Insulin delivery 

s Rationale

As a large protein, insulin cannot be taken orally (it is digested) and is only absorbed across

mucous membranes (of the nose or inside cheeks for example) very poorly. As a result, it

generally has to be injected or infused into the subcutaneous fat. Self-use of injection devices is

not something most people adopt happily by choice, and since the late 1970s various solutions

to making this easier and more satisfactory have been developed. 

s Evidence statements

NICE guidance165 concluded that, compared to optimised MDI therapy, CSII results in a

modest but worthwhile improvement in GHb and quality of life (by allowing greater flexibility

of lifestyle), and reduction of other problems such as hypoglycaemia and rising blood glucose

levels at the end of the night. In routine practice, patients who go on to pumps are carefully

selected, and to a large degree self-selected. Overall, insulin pumps appear to be a useful

advance for patients having particular problems, rather than a dramatic breakthrough in

therapy, and would probably be used only in a small percentage of patients (NICE).

There is a paucity of trials of sufficient sample size in comparing insulin injection pens to other

forms of insulin delivery.

One randomised trial166 of medium sample size compared a multiple injection regimen from a

pen injector with conventional treatment with twice-daily syringe injection. No significant differ-

ences were seen in GHb values, blood glucose values or hypoglycaemic episodes. Patient satisfac-

tion with pen injectors was high and most patients opted to continue on this delivery system

following termination of the trial. However, this study has some methodological limitations (Ib).

One randomised crossover trial167 compared two types of insulin regimen injected in the

abdomen with the same regimen injected in the thigh. Regular insulin injections in the

abdomen resulted in significantly lower post-prandial plasma glucose values, peak plasma

glucose and increment in plasma glucose compared to time periods following injection in the

thigh. Significantly higher serum free insulin values were also seen following abdominal

injection of regular insulin, compared with injections administered at the thigh. No differences

were recorded between injections at either site following injections containing both isophane

(NPH) and unmodified (‘soluble’) insulin (Ib). 

One prospective study168 comparing the absorption of insulin injected superficially and deep

subcutaneously at the fat-muscle boundary showed no significant difference between the two

techniques. A sub-group of 10 participants showed no difference in overall serum free insulin

or plasma glucose values following superficial and deep subcutaneous injection (IIa).

One study169 reported benefits associated with injection through clothing, compared with

conventional injection practice with skin preparation over a 20-week trial period. This study

had some methodological limitations (Ib).

Outside of the recommendations made on continuous subcutaneous insulin infusion,165 no

studies were identified that specifically addressed the insulin delivery needs of people with

Type 1 diabetes with poor blood glucose control.
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s Health economic evidence

The health economic searches produced three published papers347–9 considering the use of

insulin pens. None of the three papers compare their benefits (patient satisfaction, or improved

HbA1c) against their costs.

s Consideration

Insulin injection pens were noted to be the overwhelming norm in the UK for insulin delivery

for reasons of convenience, ease of teaching and portability. Some devices with particular

design characteristics can be used by people with disabilities, where otherwise a third party

would have to give injections. The desirability and often cost-effectiveness of this was noted.

Injection into deep subcutaneous fat, and on the basis of many studies into the tissues of the

abdominal wall for mealtime unmodified human insulin, are generally advised and logically

based. However the needs and beliefs of individuals in giving their own insulin were felt to be

of importance. Simple logic also leads to the conclusion that rotation of injection sites should

be within one region rather than between regions. Group members (both clinicians and people

with diabetes) expressed a widespread experience of repeated self-injection with the same

needle without problems arising. The group considered the utility of recommending advice on

cleanliness for those who choose to re-use needles, but noted the regulatory position from the

Medicines and Healthcare Products Regulatory Agency (MHRA, formerly the Medical Devices

Agency) in the bulletin DB2000(04). Consequently, the guideline cannot make such a

recommendation. Other common sense issues included provision for sharps disposal, and

check on the condition of injection sites annually or if blood glucose control problems worsen.

RECOMMENDATIONS

R66 Adults with Type 1 diabetes who inject insulin should have access to the insulin D
injection delivery device they find allows them optimal well-being, often using one 

or more types of insulin injection pen.

R67 Adults with Type 1 diabetes who have special visual or psychological needs should be D
provided with injection devices or needle-free systems that they can use independently 

for accurate dosing.

R68 Insulin injection should be made into the deep subcutaneous fat. To achieve this, D
needles of a length appropriate to the individual should be made available.

R69 Adults with Type 1 diabetes should be informed that the abdominal wall is the D
therapeutic choice for mealtime insulin injections.

R70 Adults with Type 1 diabetes should be informed that extended-acting suspension insulin D
(for example isophane (NPH) insulin) may give a longer profile of action when injected 

into the subcutaneous tissue of the thigh rather than the arm or abdominal wall.

R71 Adults with Type 1 diabetes should be recommended to use one anatomical area for the D
injections given at the same time of day, but to move the precise injection site around 

in the whole of the available skin within that area.
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R72 Adults with Type 1 diabetes should be provided with suitable containers for the D
collection of used needles. Arrangements should be available for the suitable disposal 

of these containers.

R73 Injection site condition should be checked annually, and if new problems with blood D
glucose control occur.

7.5 Hypoglycaemia: prevention of hypoglycaemia, problems related to 
hypoglycaemia and management of symptomatic hypoglycaemia

s Rationale 

Hypoglycaemia is, for most people using insulin therapy, an inevitable consequence of the

erratic absorption of insulin from subcutaneous tissue after depot injection or infusion,

coupled with absence of feedback to insulin need when changes in planned activity or eating

occur once the injection has been given. Hypoglycaemia is usually unpleasant, often becomes a

source of fear, and can be an embarrassment as well as a safety risk. Accordingly, while careful

choice of insulin regimen (section 7.3) informed by self-monitoring (section 6.2) is important

in ameliorating this problem, other preventative measures are of importance. A higher level of

optimised management is needed when hypoglycaemia and its related problems do occur.

s Evidence statements

Management of hypoglycaemia

Canadian clinical practice guidelines98 reported four studies supporting the use of 15 g glucose

(monosaccharide) (orally) for the treatment of moderate hypoglycaemia. Two studies within

the guidelines explored a 20 g oral glucose dose for recovery of blood glucose levels. Recovery

was slower following treatment with milk and orange juice. The use of glucose gel also delivered

slower recovery in the latter study and required swallowing to have a significant effect. A further

study showed no support for buccal administration of glucose (Ia). 

One study within the Canadian guidelines98 reported on the special needs of people taking

alpha-glycosidase inhibitors when treating hypoglycaemia, recommending the use of glucose

(dextrose) tablets, or milk or honey if these are unavailable (IV).

Nocturnal hypoglycaemia

A bedtime snack may be needed to avoid nocturnal hypoglycaemia. Two studies from a

systematic review98 showed prepared cornstarch snack bars have some benefit in overnight

reduction of hypoglycaemia, but the number of events were not significantly reduced (Ia).

Hypoglycaemia unawareness

Canadian clinical practice guidelines98 report one paper on the link between incidence of prior

hypoglycaemic episodes and worsening in the defect of the hormonal responses to

hypoglycaemia, leading to a reduction in the self-detection of hypoglycaemia. Eight papers

report the benefits of strict avoidance of hypoglycaemia in improving recognition of severe

hypoglycaemia or the responses of counter-regulatory hormones (Ia).
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Blood glucose awareness training 

A randomised controlled study170 compared blood glucose awareness training (BGAT) with no

training on the increased hypoglycaemia after initiation of more intensive diabetes

management. The counter-regulatory hormone epinephrine (adrenaline) response was not

impaired following BGAT despite an increase in frequency of hypoglycaemia induced by

intensive diabetes management. No difference was seen in awareness of the symptoms of

hypoglycaemia following BGAT, compared with controls, although BGAT does lead to a better

detection of low blood glucose levels in people starting intensive diabetes management (Ib).

An observational study171 compared blood glucose sensitivity and prediction accuracy in

inpatients before and after blood glucose awareness training, showed no additional effect on the

improvement of HbA1c. The decrease in HbA1c was not however accompanied by a change in the

accuracy of blood glucose estimation or sensitivity of recognition of low blood glucose levels (IIa).

Canadian clinical practice guidelines98 cite five studies demonstrating a positive effect of BGAT

on accurate detection and treatment of hypoglycaemia, and allowing reduced-awareness

subjects to detect a greater percentage of low blood glucose levels. These BGAT programmes

involve instruction in interpretation of physical symptoms and instruction on food, exercise,

insulin dosage and action, and the impact of time of day and last blood glucose measurements

on estimations of blood glucose (Ia). 

Long-term complications of hypoglycaemia

Evidence on the impact of hypoglycaemia on cognitive function is not clear. Two prospective

studies reported within the Canadian guidelines98 did not find association between intensive

diabetes management and cognitive function. However, six retrospective studies found subjects

with recurrent hypoglycaemia performed more poorly in a range of intellectual tests (IIa).

Medical intervention of hypoglycaemia

Two randomised studies compared the use of glucagon and dextrose in the treatment of severe

hypoglycaemia. One study172 compared intramuscular administration of 1 mg glucagon with

50 ml 50% IV dextrose in people with hypoglycaemic coma. A second study173 compared

intravenous administration of 1 mg glucagon vs 50 ml 50% dextrose in people with hypo-

glycaemic coma. Both studies showed a significantly slower recovery to a normal level of

consciousness in the glucagon treated group (Ib). 

Two glucagon-treated patients in each study (7% and 4% respectively) and two dextrose-treated

patients in the second study (4%) required additional administration of 12.5 g IV dextrose

following failing to recover consciousness after 15 minutes. In the first study average duration

of hypoglycaemic coma was not different between the two treatment groups (Ib). 

No correlation was seen between time taken to recovery of consciousness and initial plasma

glucose concentration or duration of hypoglycaemia in either of the studies. Side effects were

similar among the treatment groups (Ib).

These two small studies suggest that intravenous glucose gives a clinically non-significant

advantage over intramuscular glucagon in time to recovery of consciousness in people with

Type 1 diabetes in hypoglycaemic coma (Ib).
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s Health economics evidence

No health economic evidence on the prevention or management of hypoglycaemia was

identified in the literature review.

s Consideration

The group noted this was an area of considerable importance to people with Type 1 diabetes,

but that prevention of hypoglycaemia was considered appropriately under insulin therapy

recommendations, and secondarily under education and lifestyle issues. The group noted issues

related to absorption and ingestion of free carbohydrate in people with decreased conscious

level. They were concerned that recurrent hypoglycaemia was properly considered in a medical

context, and not simply attributed to lifestyle problems secondary to insulin therapy. 

Hypoglycaemia unawareness was also noted to be an important issue, and be partially reversible

and capable of useful management, as now is nocturnal hypoglycaemia (it was noted that the

recommendations on insulin therapy and clinical monitoring addressed other aspects of such

management). No useful hard evidence was available for cognitive decline occurring in people

with Type 1 diabetes, but the possibility of recurrent severe hypoglycaemia being a contributory

factor was felt worth mentioning.

The group noted that the ease and safety of administration of glucagon compared to IV glucose

(risk of extravasation) meant that in most situations it was the treatment of choice. While it was

recognised that there were groups of people to whom the identified studies do not apply

(starvation, alcohol toxic), and that these people would not be expected to respond well to

glucagon, it was agreed that the best means of detecting this was by absence of a response to

glucagon at 10 minutes. Safe follow-up management after either therapy should include oral

carbohydrate and awareness of risk of relapse. Users of glucagon injections need appropriate

education and training.

RECOMMENDATIONS 

R74 Adults with Type 1 diabetes should be informed that any available glucose/sucrose A
containing fluid is suitable for the management of hypoglycaemic symptoms or signs in 

people who are able to swallow. Glucose containing tablets or gels are also suitable for 

those able to dissolve or disperse these in the mouth and swallow the products. 

R75 When a more rapid-acting form of glucose is required, purer glucose-containing D
solutions should be given.

R76 Adults with decreased level of consciousness due to hypoglycaemia who are unable to D
take oral treatment safely should be:

● given intramuscular glucagon by a trained user (intravenous glucose may be used by

professionals skilled in obtaining intravenous access)

● monitored for response at 10 minutes, and then given intravenous glucose if the 

level of consciousness is not improving significantly

● then given oral carbohydrate when it is safe to administer it, and placed under 

continued observation by a third party who has been warned of the risk of relapse. 
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R77 Adults with Type 1 diabetes should be informed that some hypoglycaemic episodes are B
an inevitable consequence of insulin therapy in most people using any insulin regimen, 

and that it is advisable that they should use a regimen that avoids or reduces the 

frequency of hypoglycaemic episodes while maintaining as optimal a level of blood 

glucose control as is feasible. Advice to assist in obtaining the best such balance from 

any insulin regimen should be available to all adults with Type 1 diabetes. (see section 7.2,

‘Insulin regimens’ and 7.2, ‘Insulin delivery’).

R78 When hypoglycaemia becomes unusually problematic or of increased frequency, D
review should be made of the following possibly contributory causes:

● inappropriate insulin regimens (incorrect dose distributions and insulin types)

● meal and activity patterns including alcohol

● injection technique and skills including insulin resuspension

● injection site problems

● possible organic causes including gastroparesis

● changes in insulin sensitivity (the latter including drugs affecting the renin-

angiotensin system and renal failure)

● psychological problems

● previous physical activity

● lack of appropriate knowledge and skills for self-management. 

R79 Hypoglycaemia unawareness should be assumed to be secondary to undetected D
periods of hypoglycaemia (<3.5 mmol/l, often for extended periods, commonly at 

night) until these are excluded by appropriate monitoring techniques. If present, such 

periods of hypoglycaemia should be ameliorated.

R80 Specific education on the detection and management of hypoglycaemia in adults with D
problems of hypoglycaemia awareness should be offered.

R81 Nocturnal hypoglycaemia (symptomatic or detected on monitoring) should be D
managed by:

● reviewing knowledge and self-management skills

● reviewing current insulin regimen and evening eating habits and previous physical

activity

● choosing an insulin type and regimen with less propensity to induce low glucose levels in

the night hours, such as: 

– isophane (NPH) insulin at bedtime

– rapid-acting analogue with the evening meal

– long-acting insulin analogues (insulin glargine) 

– insulin pump. 

R82 Adults with Type 1 diabetes should be informed that late post-prandial hypoglycaemia D
may be managed by appropriate inter-prandial snacks, or the use of rapid-acting insulin

analogues before meals.

R83 Where early cognitive decline occurs in adults on long-term insulin therapy, normal D
investigations should be supplemented by consideration or investigation of possible 

brain damage due to overt or covert hypoglycaemia, and the need to ameliorate this. 
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8 Arterial risk control

8.1 Identification of arterial risk 

s Rationale

People with Type 1 diabetes are generally recognised to be at greatly increased risk of arterial

disease (CVD) in middle age. While the literature on arterial risk factors and markers in the

general population is large, it would not appear to follow that the findings can be simply carried

over to people with Type 1 diabetes. Similarly, the tools used to quantify arterial risk in the

general population are known not to work well in people with Type 2 diabetes, and seem even

less likely to be valid in Type 1 diabetes. 

s Evidence statements

Arterial risk factors

The Scottish intercollegiate guidelines174 identify specific risk factors for arterial disease

as cigarette smoking, dyslipidaemia, hypertension, hyperglycaemia, obesity and micro-

albuminuria (IV).

The guideline174 reports on non-randomised studies showing that smoking is an independent

arterial risk factor in people with diabetes. Additional observational studies reported dyslip-

idaemia. An increased concentration of LDL cholesterol or total cholesterol has also been

identified as an independent risk factor for arterial morbidity and mortality and each 1.0 mmol/l

reduction of LDL cholesterol represents a 36% reduction in risk of arterial disease (IIa).

Two controlled but not randomised studies reported within the guideline174 demonstrated the

positive relationship between hypertension and risk of arterial death, with a progressive

increase in risk with rising systolic pressure. Each 10 mmHg reduction in systolic pressure is

associated with a 15% (95% CI: 12–18) reduction in risk of arterial death over 10 years (IIa).

The link between glycaemia and arterial morbidity and mortality was also reported in two

studies reviewed in the SIGN guidelines.174 In one study each 1% reduction in HbA1c was

associated with a 21% (95% CI: 15–27) reduction in the risk of diabetes-related death and a

14% reduction for myocardial infarction over 10 years (IIa).

Evidence for the other risk factors is sparse. In the SIGN guidelines,174 no studies were

identified for linking obesity as an independent risk factor in established diabetes. One

observational study reported microalbuminuria as an independent marker associated with

doubling in arterial risk, however, there is insufficient evidence to determine whether reducing

albumin excretion rate specifically reduces arterial morbidity or mortality (IIa).

A meta-analysis175 aimed at defining risk factors for arterial disease from studies in people with

diabetes, showed that, adjusted for age, both total mortality and death from all vascular causes

increased significantly with total cholesterol level and systolic blood pressure, and decreased

with percentage of women. Duration of diabetes and mean HbA1c were not considered to be

associated with mortality. However, this meta-analysis did not contain a critical appraisal of
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included studies or details of approaches used to ensure study quality before inclusions and

should therefore not be used as the basis for clinical recommendations (IIa).

Screening tests

One systematic review176 examined 67 studies, addressing both screening for primary detection

of arterial risk factors and treatment of lipid abnormalities in asymptomatic people both with

and without diabetes. Reliability and effectiveness of each screening strategy for identifying

lipid disorders was investigated, and showed that total cholesterol measurements generally have

good reliability, with an analytic variability of less than or equal to 3% and a mean total biologic

variability of the order of 6%. A total cholesterol level within 10% of the true value can be

determined with two separate measurements, which do not differ significantly between fasting

or non-fasting venous blood (III).

Evidence within this systematic review176 for HDL cholesterol showed a higher analytical (6%)

and biological (7.5%) variation than total cholesterol, however, two or three values were

required to estimate true HDL cholesterol levels to within 10 to 15%. Variations were also found

between non-fasting and fasting blood samples as HDL cholesterol is 5%–10% lower in the

non-fasting state, suggesting that non-fasting measurement may slightly overestimate coronary

heart disease risk, but not enough to make accuracy of screening unacceptable (III).

Additional studies within this systematic review176 considered triglyceride screening. Values

measured varied by 20%–30% between fasting and non-fasting states. LDL cholesterol is

calculated from total and HDL cholesterol and triglycerides measurements and application of

the Friedewald equation. However, this equation has been found to be inaccurate at triglyceride

levels greater than or equal to 4.5 mmol/l when special techniques must be employed

(eg ultracentrifugation) (III).

Also considered in this systematic review176 was the comparable accuracy of total and HDL

cholesterol from capillary blood samples. These were found to be less reliable without proper

attention to calibration and proper testing techniques. One study found that a Framingham-

based coronary risk model was the best predictor of IHD mortality. Guidelines reported in the

review concluded that the LDL:HDL cholesterol and the total:HDL cholesterol ratios

performed equally well in determining arterial outcomes, and the least accurate screening test

was that of measuring total cholesterol alone (III).

Other studies included in this review176 assessing characteristics of the screening tests showed

that non-fasting total cholesterol alone is the easiest to perform for the patient and provider.

Total:HDL cholesterol ratio is easy for patients to obtain and for providers to interpret and

performs equally accurately as the LDL:HDL cholesterol ratio strategy. However, one study in

the review demonstrated that risk-based algorithms which directly incorporate age, other risk

factors and measures of total and HDL cholesterol are the most accurate approach to screening.

These processes are difficult to access and so supplemental tables, such as the Sheffield table,

can improve the feasibility of a risk-based strategy (III).

There was no evidence from this systematic review176 to inform the question of appropriate

frequency of screening. National guidelines recommend a five-year interval for people with

previous normal results and more frequent screening in those with borderline values (IV).
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Prediction of arterial risk

Six studies all published by the same group addressed the relative specificity and sensitivity of

the different methods for predicting arterial risk (Sheffield, Modified Sheffield, Joint British

Guidelines, Canadian, Framingham categorical, New Zealand, and Joint European guidelines,

but not including the UKPDS risk engine).

One study177 comparing the Sheffield tables to the computer-calculated Framingham equation

revealed a low sensitivity and specificity for the Sheffield tables (35% (95% CI 28 to 42) and

98% (95% CI 97 to 99) respectively). The old tables only included patients with systolic blood

pressure <160 mmHg, and cholesterol greater than 5.5 mmol/l. Adopting these exclusion

criteria led to a substantial reduction in the number of patients eligible for screening without

improving detection of risk assessment (DS).

Another evaluation178 studied all seven guidelines against the calculated Framingham equation

in 906 people with diabetes, showing Modified Sheffield tables have higher sensitivity (95% vs

37%) with a slight reduction in specificity (90% vs 97%) compared with the original tables,

with a slightly better positive predictive value than the original version (80% vs 71%). The Joint

British tables have good specificity (99%), but low sensitivity (77%) but the tables perform well

at the lower CHD risk of greater than or equal to 15% over 10 years (specificity 92%, sensitivity

96%). Canadian tables perform poorly at the ≥30% risk, and only slightly better at the greater

than or equal to 15% level of risk (specificity 100%, sensitivity 5%, and 85% and 98%,

respectively). The Framingham categorical tables have a lower specificity (83%) for the

identification of high-risk individuals (although risk is greater than or equal to 27% not greater

than or equal to 30%) and this deteriorates for identification of those at ≥15% risk (specificity

77%). New Zealand tables had a sensitivity of 69% and specificity of 88% at a greater than or

equal to 20% level of risk, at the ≥10% level of risk, specificity deteriorates to 58%. The Joint

European tables have a sensitivity of 89% for risk levels greater than or equal to 20% but

specificity of only 71%. This means that one in four patients would be incorrectly identified as

having a risk above the 20% threshold (DS).

A further study from the same investigators179 assessed the PROCAM program against that of

the Framingham equation. Only 56% of the study population were eligible for evaluation with

PROCAM. This evaluation also systematically underestimates risk in comparison with the

Framingham equation at low levels of absolute risk but overestimates at higher risk levels (DS).

The sensitivity and specificity of various risk prediction tables and charts was also investigated

in one comparative study.180 Compared to the Framingham equation the Sheffield tables had a

low sensitivity (40% eligible for cholesterol lowering treatment would be identified), but with

high specificity and thus low false positive rates. The New Zealand tables had similar

sensitivities and specificities to the Sheffield tables, but a 10% level of risk prediction of five-

year arterial disease risk threshold specificity is significantly lower than the Sheffield tables. The

European tables have better sensitivity than Sheffield and New Zealand tables but specificity is

significantly worse than other risk assessment levels leading to an equally low sensitivity. The

joint British Societies table has significantly better specificities at greater than or equal to 15%

and greater than or equal to 30% 10-year CHD risk than the modified Sheffield tables.

Sensitivity is generally low, but high at the 15% 10-year CHD/10% five-year CVD risk level.

Canadian tables are not reliable at greater than or equal to 30% risk but are comparable with

the modified Sheffield tables at 154% risk threshold. The Framingham equation had the best

75

8 Arterial risk control



performance with sensitivity and specificity comparable to that of the modified Sheffield and

joint British Society methods, respectively (DS).

s Consideration 

The group recognised the very considerable difficulties in reaching conclusions from the

evidence in this area. Very little direct information pertaining to people with Type 1 diabetes

can be ascertained, whilst the importance of the issue is emphasised by the very high early

arterial disease (CVD) risk run by people with Type 1 diabetes. Nevertheless certain sub-groups

are known to be at particularly high risk (people with raised albumin excretion rate (micro-

albuminuria)), while others combine Type 1 diabetes with combinations of classic risk factors

typical of the metabolic syndrome and known to be predictors of high arterial risk in people

with Type 2 diabetes and indeed non-diabetic populations. A further group of people will

combine Type 1 diabetes with a single arterial risk factor or risk marker, while yet others will

have Type 1 diabetes but appear low risk otherwise. 

Accordingly the important factors for surveillance are urinary albumin excretion (most

important), other classical risk factors including full lipid profile, and risk markers such as age,

family history and some ethnic groups. In accordance with the principle of unified organisation

of care, monitoring of these factors annually is to be recommended, but it was recognised that

in low risk individuals technology might become capable of programming longer review

intervals for serum lipids.

The group recognised that different ways of using information from a full lipid profile

(calculated LDL and HDL separately, calculation of total: HDL cholesterol ratio, calculation of

non-HDL cholesterol) are in use. While the group preferred the first of these as not mixing lipid

abnormalities of different pathogenesis, and being a better route to using the treatments for

different lipid disorders rationally, it was recognised that there was not good evidence to suggest

supporting one approach over the others.

The group could find no confidence in any risk table, engine or equation when applied to

people with Type 1 diabetes.

RECOMMENDATIONS

R84 Arterial risk factors should be assessed annually, and the assessment should include: C

● albumin excretion rate

● smoking

● blood glucose control

● blood pressure

● full lipid profile (including HDL and LDL cholesterol and triglycerides)

● age

● family history of arterial disease (CVD)

● abdominal adiposity. 

R85 Arterial risk tables, equations or engines for calculation of arterial risk should not be DS
used because they underestimate risk in adults with Type 1 diabetes.
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R86 Adults with raised albumin excretion rate (microalbuminuria), or two or more features D
of the metabolic syndrome (see Table 4), should be managed as the highest risk 

category (as though they had Type 2 diabetes or declared arterial disease).

R87 Adults with Type 1 diabetes who are not in the highest risk category but who have D
other arterial risk factors (increasing age over 35 years, family history of premature heart 

disease, of ethnic group with high risk or with more severe abnormalities of blood 

lipids or blood pressure) should be managed as a moderately high risk group. 

R88 Where there is no evidence of additional arterial risk, the management of lipids and D
blood pressure should follow normal procedures for the non-diabetes population, using

appropriate clinical guidelines.

8.2 Interventions to reduce risk and to manage arterial disease

s Rationale 

Prevention of arterial risk in people with Type 1 diabetes, through attention to blood glucose

control (insulin therapy, patient education, nutrition, self-monitoring) is considered elsewhere

in this guideline, and blood pressure management in 8.3, below. However, in the general

population (at much lower risk) and in people with Type 2 diabetes other therapies are known

to reduce the risk of arterial events. The current section therefore deals with these approaches

as applied to people with Type 1 diabetes. 

s Evidence statements

Lipid lowering therapy

The Scottish intercollegiate guidelines174 identify a role for lipid-lowering drugs in reducing

ischaemic heart disease events but not all cause mortality in people with no known arterial

disease, compared with placebo (Ia).

SIGN guidelines on lipids181 and the prevention of ischaemic heart disease detail studies

targeted at people with Type 2 diabetes. However, secondary prevention trials of lipids reported
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Feature Women Men

Blood pressure average (mmHg) >135/80 >135/80

Waist circumference (m) (use 0.10m lower >0.90 >1.00
figures for people of South Asian extraction)

Serum HDL cholesterol (mmol/l) <1.2 <1.0

Serum triglycerides (mmol/l) >1.8 >1.8

Raised albumin exrection rate is not included because in Type 1 diabetes it is a marker of developing nephropathy and
nephropathy alone is associated with extreme risk of ischaemic heart disease.
Glucose intolerance cannot be assessed in adults with Type 1 diabetes, but higher insulin doses in adults >20 years 
(>1.0 U/kg/day) suggest insulin insensitivity.

Table 4 Features of the metabolic syndrome suggesting high arterial risk in people with
Type 1 diabetes



in the guideline have shown significant reduction in arterial disease in both Type 1 and Type 2

diabetes. These guidelines recommend the loss of weight, reduction of intake of saturated fat,

increased consumption of fruit and vegetables, regular exercise and the introduction of lipid-

lowering drug treatment for primary prevention of arterial problems in high-risk people with

diabetes. The guidelines also report a study raising concern about underestimating diabetic

ischaemic heart disease risk, particularly in people with Type 1 diabetes (Ia). 

The SIGN guidelines174 report on a number of therapeutic studies. The CARE study

demonstrated a significant reduction in coronary events with pravastatin vs placebo, although

the magnitude of effect was lower than in the 4S study. The LIPID study also showed a trend to

reduction in recurrent coronary events but numbers of people with diabetes in this study were

too low to demonstrate statistical significance. The VA-HIT study showed significant secondary

prevention of coronary events in men with diabetes aged less than 74 years, taking a fibrate

(gemfibrozil) for a mean follow-up of 5.1 years (Ia).

Three randomised controlled trials182–184 reported on the positive effect of pravastatin on

arterial outcomes in people with diabetes. One study182 reported a significant change in total

and LDL cholesterol, HDL cholesterol and triglycerides vs placebo. After 24 weeks the reduction

in total cholesterol from baseline was 22%, LDL cholesterol 26%, and triglycerides decreased by

2%, accompanied by an increase in HDL cholesterol of 14%. Pravastatin was well tolerated

throughout the study (Ib).

Similar results were seen in the further two trials. One study183 reported reductions in LDL

cholesterol and VLDL cholesterol of 30% and 13% respectively with pravastatin compared with

placebo and significant increases in HDL cholesterol at eight and 16 weeks. The final study184

was in a majority of sulfonylurea treated people with Type 2 diabetes, and pravastatin reduced

total and LDL cholesterol by 19% and 27% in the diabetes group. Compared with placebo

pravastatin caused a 13% decrease in triglycerides and a 4% increase HDL cholesterol in people

with diabetes. Results were similar to those in people without diabetes, and were unaffected by

adjustment for age and sex (Ib).

The SIGN management of arterial disease in diabetes guidelines174 cite results from the

Scandinavian Simvastan study, which contained 204 people with diabetes (of a study

population of 4,444), and demonstrated that cholesterol-lowering therapy was highly effective

compared with placebo in those undergoing revascularisation procedures, especially in those

with diabetes (risk reduction 55% vs 32% in non-diabetes) (Ia).

Two RCTs reported the effect of simvastatin in people with diabetes. Total and LDL cholesterol

levels and the ratio between LDL and HDL cholesterol were decreased following treatment in

one study185 of 25 people with diabetes, whereas no difference was seen following placebo, no

between group comparison was made. The second study, containing 26 people with Type 1

diabetes186 also reported a significant reduction in the plasma concentrations of total

cholesterol, LDL cholesterol and apolipoprotein B after 12 weeks simvastatin treatment,

whereas no changes were observed after placebo treatment (Ib).

One study reported the effect of bezafibrate on arterial outcomes in 36 people with Type 1

diabetes.187 However, there are some potential methodological limitations in this study, which

does not make this evidence a reliable basis for a clinical recommendation (Ib).
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Antiplatelet therapy

The SIGN guidelines174 report uncertainty about the role of aspirin in primary prevention.

Citing the HOT study (a randomised controlled trial) and the further reduction in arterial risk

in well-controlled hypertensive patients with diabetes, they note the importance of balancing

this reduction against the risk of bleeding (Ia). 

The North of England guidelines188 on aspirin for the secondary prophylaxis of vascular disease

in primary care reported a pooled risk ratio by combining he meta-analysis of the Antiplatelet

Collaborative Group with trials published after 1990 to establish the impact of antiplatelet

therapy on subsequent myocardial infarction (MI), stroke and vascular death. This provided

strong evidence for a general protective effect of aspirin as antiplatelet therapy in patients at

raised vascular risk. Few studies were found containing comparisons of aspirin and alternative

antiplatelet agents to enable comparison of their relative effectiveness (Ia).

For evidence relating specifically to people with diabetes the North of England guidelines188

identified eight trials contributing to an overall estimate of risk difference for arterial morbidity

of 1.2% with aspirin compared to placebo or other antiplatelet agent. These trials were

homogeneous with a pooled incidence rate difference (by random effects model) of a 0.3%

reduction in the risk of MI, stroke or vascular death from antiplatelet therapy for one year. This

is not a statistically significant difference, and in summary authors state that aspirin given to

patients with diabetes appears to have a small and statistically uncertain effect upon the risk of

experiencing a subsequent vascular event. They also suggest that the similar relative risk for MI,

stroke and vascular death found in diabetes trials and other trials of patients at raised vascular

risk, indicates that patients with diabetes alongside other indications of vascular risk are likely

to benefit from routine aspirin therapy (Ia).

American Diabetes Association guidelines76 indicate that meta-analysis and large-scale

collaborative trials in men and women with diabetes support the view that low-dose aspirin

therapy should be prescribed as a secondary prevention strategy if no contraindications exist.

The guidelines also point to substantial evidence suggesting that low-dose aspirin therapy

should be used as a primary prevention strategy in men and women with diabetes who are at a

high risk for arterial events.

The meta-analysis of 145 prospective controlled trials of antiplatelet therapy by the Antiplatelet

Trialists Group reported in the ADA guidelines76 showed a trend toward increased risk

reductions with doses of aspirin ≤325 mg/day, but the difference was not statistically significant.

An estimated 38±12 vascular events per 1,000 patients with Type 1 diabetes would have been

prevented if they were treated with aspirin as a secondary prevention strategy (Ia).

The ADA guidelines76 also reported on the HOT study, which showed a reduction in arterial

events following aspirin therapy compared to placebo of 15% and a 36% reduction in

myocardial infarction. This study also showed that fatal bleeding including intracerebral

bleeding were equal in aspirin and control groups, whereas non-fatal minor bleeding episodes

were more frequent in patients receiving aspirin. The US Physicians Health study reported in

the same guideline compared aspirin (325 mg/day) with placebo in male physicians (without

diabetes), resulting in a 44% risk reduction in MI among the treated group. In a subgroup of

people with diabetes there was a reduction in MI from 10% to 4% yielding a relative risk of 0.39

for men with diabetes randomised to aspirin therapy (Ia).
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The ADA guidelines76 also addressed the safety of aspirin use and reported several prospective

randomised studies in which a trend for an increase in haemorrhagic stroke followed aspirin

therapy, although this has not reached statistical significance (Ia). 

Contraindications reported76 include allergy, bleeding tendency, anticoagulant therapy, recent

gastrointestinal bleeding and clinically active hepatic disease (Ib).

Relative risk of MI reported by the ETDRS group189 in which roughly 48% of men and women

with diabetes had a history of arterial disease was lowered significantly in the first five years in

those randomised to aspirin therapy (Ib).

In the management of people with diabetes and new or established vascular disease, the SIGN

guidelines174 refer to a meta-analysis of platelet inhibitor therapy demonstrating a 31%

reduction in non-fatal reinfarction, a 42% reduction in non-fatal stroke and a 13% reduction

in arterial mortality (Ia). 

One meta-analysis190 of six randomised, double-blind, placebo-controlled trials showed a

significant pooled reduction in mortality following treatment with platelet glycoprotein

inhibitors. The most marked benefit was seen in patients undergoing percutaneous coronary

intervention. A significant reduction in composite death or MI at 30 days was also seen

following treatment in people with diabetes. However, potential methodological limitations of

the trials included would not permit this analysis to be used as a evidence base to inform

recommendations in this area (Ia).

Also reported in the SIGN guideline174 is a sub-study analysis of a large RCT demonstrating

that addition of clopidogrel to aspirin over 3–12 months reduces the risk of fatal or non-fatal

MI or stroke by 20% in patients with a past history of coronary heart disease presenting with

acute coronary syndromes (without electrocardiographic ST elevation). This risk reduction was

however associated with an additional risk of bleeding (Ia).

The ADA guidelines76 also report from the CAPRIE study which showed that clopidogrel was

slightly more effective than aspirin in reducing the combined risk of stroke, MI or vascular

death in people with and without diabetes (effect sizes not stated) (Ia).

Management of arterial disease

One randomised controlled study reviewed in the ADA guideline76 showed that thrombolytic

therapy reduced mortality after acute MI in subjects with diabetes by ≤42% with no increase in

risk of bleeding or stroke, and should not be withheld due to concern about retinal haemorrhage

in patients with retinopathy. This study also demonstrated that the indications and

contraindications for thrombolysis in patients with diabetes are the same as those without (Ia).

The SIGN guideline174 reports on the results of the beta-blocker adrenergic pooling project

study, which demonstrated that diabetes is not a contraindication to the use of beta-blockers,

and that these reduce mortality, sudden cardiac death and re-infarction when given after acute

MI. The guideline also cites the 1995 Collaborative Group on ACE inhibitor trials meta-analysis

of nearly 100,000 patients which showed that receiving therapy with an ACE inhibitor within

36 hours of acute MI for ≥4 weeks, reduced mortality post MI. The majority of benefits

occurred within the first few days when mortality was highest, benefiting patients at a higher

risk to a greater absolute extent (Ia).
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Three large trials (AIRE, SAVE and TRACE studies)174 also reviewed within the SIGN guideline

have shown consistent reductions in mortality when ACE inhibitor therapy is given to people

after acute MI with clinical evidence of heart failure or a reduced ejection fraction. A fourth

study (SOLVD) demonstrated an absolute risk reduction for mortality of 4.5% in patients with

diabetes and chronic heart failure given an ACE inhibitor compared to placebo over a mean

follow-up of 4.5 years (Ia).

A predefined subgroup analysis of 3,577 people over 55 with diabetes (the majority of whom

had Type 2 diabetes) in the large multinational HOPE randomised controlled trial191 showed

the effect of ramipril on arterial outcomes in people with diabetes. The rate of combined

primary outcome of MI, stroke or arterial death was significantly lower in the ramipril groups

than in those receiving placebo. Total mortality was reduced by 24%. Adjustment for changes

in systolic and diastolic blood pressures did not change the magnitude of the effect (Ib).

Other results from the HOPE study192 in which patients aged over 55 years, with and without

diabetes, who were randomised to receive 400 IU vitamin E for an average follow-up of 4.5 years,

showed no effect of antioxidant over placebo. Primary outcomes of MI, stroke or arterial death,

or secondary outcomes of hospitalisations for angina or heart failure, were similar following

treatment with vitamin E and placebo. No differences were observed in the frequency of

outcomes in people with diabetes in the two treatment groups (Ib).

Management of acute stroke 

SIGN guidelines174 state that clinical presentation of stroke in people with diabetes is similar to

that in people without diabetes. There is little evidence specific to people with diabetes let alone

specific to Type 1 diabetes, suggesting that the management of stroke should be similar to that

in people without diabetes (IV).

s Health economic evidence

Whilst economic analyses have been conducted on trials of lipid-lowering agents, no evaluation

has specifically considered Type 1 diabetes. Three papers were identified within the health

economic literature dealing with mixed diabetic populations.350–52 An economic analysis350 of

simvastatin using the 4S trial data suggests that it would provide cost-effective mortality

reduction in the UK amongst a similar population. A second cost-effectiveness paper351 also

suggests that the simvastatin may be cost-effective in the UK for those aged 40 to 70 years with

elevated cholesterol even if they have not been diagnosed with arterial disease. A third paper

based outside the UK suggests that the benefits of simvastatin to diabetics with elevated lipid

levels and arterial disease outweigh the benefit to those with elevated lipid levels and no prior

arterial disease.352

As the GDG has no confidence in any existing risk table, engine or equation when applied to

those with Type 1 diabetes, the degree to which models that make use of such equations can be

relied upon is extremely limited.
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s Consideration

The data on arterial risk management in people with Type 1 diabetes are few, though it is noted

that studies in people with and without Type 2 diabetes point to clinically effective

interventions for those groups. In the absence of quantitative risk assessment and noting the

economic evidence placed before the group it seemed clear that interventions in people with

Type 1 diabetes must be recommended considering their semi-quantitative arterial disease risk:

high, moderate or no risk. 

Given the high arterial risk of many people with Type 1 diabetes, smoking was considered to be

particularly disadvantageous.

RECOMMENDATIONS

These recommendations assume that arterial risk has been assessed according to the

recommendations in section 8.1. Blood glucose control, blood pressure control and education

programmes are considered elsewhere in this guideline (see 7, 8.3, 6.1 respectively).

R89 Adults with Type 1 diabetes who smoke should be given advice on smoking cessation D
and use of smoking cessation services, including NICE guidance-recommended therapies.

The messages should be reinforced in continuing smokers yearly if pre-contemplative of

stopping, and at all clinical contacts if there is a prospect of their stopping.

R90 Young adult non-smokers should be advised never to start smoking. D

R91 Aspirin therapy (75 mg daily) should be recommended in adults in the highest and B
moderately-high risk categories.

R92 A standard dose of a statin should be recommended for adults in the highest risk and B
moderately-high risk groups. Therapy should not be stopped if alanine aminotransferase

(ALT) is raised to less than three times the upper limit of reference range.

R93 If several statins are not tolerated, fibrates and other lipid-lowering drugs should be D
considered as indicated according to assessed arterial risk status. 

R94 Fibrates should be recommended for adults with hypertriglyceridaemia according to D
local lipid-lowering guidelines, and arterial disease risk status.

R95 Responses to therapy should be monitored by assessment of lipid profile. If the D
response is unsatisfactory, the following causes should be considered: non-concordance,

inappropriate drug choice and the need for combination therapy.

R96 Adults who have had myocardial infarction or stroke should be managed intensively, D
according to relevant non-diabetes guidelines. In the presence of angina or other 

ischaemic heart disease, β-adrenergic blockers should be considered (for use of insulin 

in these circumstances, see R165.) 
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8.3 Blood pressure

s Rationale 

Blood pressure is an accepted arterial risk factor. Some drugs used in blood pressure

management have been suggested as having metabolic effects or interacting with insulin

therapy. Accordingly blood pressure management in people with Type 1 diabetes might be

different from people who do not have diabetes. However, those with developing diabetic

kidney disease may have different needs again, and are considered separately in chapter 10. 

s Evidence statements

Drug therapy

A significant amount of research has been conducted into the treatment of hypertension in

recent years. Primary endpoints for this research are the reduction of arterial and microvascular

complications by the reduction of blood pressure to within target levels.

Three sets of national clinical guidelines have been published in the last two years –

Canadian,193 American,76 and Scottish194 – presenting rigorous systematic reviews of evidence

in this area to date. 

The UKPDS195 randomised controlled trial (in people with Type 2 diabetes) showed that

lowering blood pressure in people with diabetes reduces the risk of macrovascular and

microvascular disease (Ib).

British Hypertension Society guidelines196 recommend a threshold for initiating antihyper-

tensive treatment in people with diabetes at ≥140/90 mmHg. Target blood pressure for this

group of people is advised at <140/80 mmHg unless nephropathy or proteinuria (>1 g/24h) is

present when this target is lowered to <130/80 mmHg and <127/75 mmHg, respectively. The

guidelines also recommend that blood pressure reduction and ACE inhibitors can be employed

to reduce the rate of decline in renal function in people with hypertension and diabetic

nephropathy (IV).

British Hypertension Society guidelines196 suggest that treatment should essentially be the

same in people with Type 1 and Type 2 diabetes. Several studies are cited which provide

evidence for the safety and efficacy of ACE inhibitors, dihydropyridine calcium channel

blockers, low dose thiazide diuretics and β-adrenergic blockers in the treatment of hypertension

in people with diabetes. The guidelines recommend that the choice among these drug classes

should be determined using the criteria set out for people without diabetes (IV).

The large multicentre randomised ALLHAT trial197 showed no superiority of a calcium channel

blocker (amlodipine) or an ACE inhibitor (lisinopril) over a thiazide diuretic (chlorthalidone)

in preventing major coronary events or in increasing survival in older people both with and

without Type 2 diabetes. This RCT of long duration197 found that lisinopril therapy had a 15%

higher risk for stroke and a 10% higher risk of combined CVD compared to chlorthalidone in

a mixed population with 36% of people with diabetes. The six-year absolute risk difference for

combined CVD was 2.4%, which included a 19% higher risk of heart failure and 10% higher

risk of hospitalised/fatal heart failure (not statistically significant), also a 11% higher risk for

treated angina and 10% higher risk of coronary revascularisation were statistically significant
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outcomes. Patients assigned to amlodipine had a 38% higher risk of heart failure, a six-year

absolute risk difference of 2.5% and a 35% higher risk of fatal heart failure compared to those

on chlorthalidone. Further long-term outcomes reported in this study showed that diuretic was

superior to the calcium channel blocker in preventing major coronary events or increasing

survival, although their effect on overall CVD prevention was comparable. Diuretic treatment

was superior to ACE inhibitor lowering of blood pressure and in preventing aggregate arterial

events (mainly stroke, heart failure, angina and coronary revascularisation) in both people with

and without Type 2 diabetes (Ib).

Two meta-analyses of randomised controlled trials cited in the Scottish guidelines,194

demonstrated that thiazides, beta-blockers, ACE inhibitors and calcium channel blockers are all

effective in lowering blood pressure and reducing the risk of arterial events (Ia). 

A large randomised controlled study of the use of an angiotensin II receptor antagonist

compared to a β-adrenergic blocker in people with diabetes (predominantly Type 2 diabetes)

found the angiotensin II receptor antagonist significantly reduced the risk of arterial mortality

or stroke, and MI over four or more years of follow-up (Ia).

Randomised controlled trials reported within the SIGN guidelines194 state that combination

therapy is often required to reach target blood pressure, either with the same class of drug or in

combination with another type of drug. The superiority of one combination regimen over

another has not been examined or documented in Type 1 diabetes (Ia).

Several trials report the benefit of ACE inhibitors in producing highly significant and clinically

important reductions in endpoints of MI, stroke and arterial death. 

Multiple trials and systematic reviews76,174,193,198 have consistently demonstrated substantial

benefits from ACE inhibitors in people with Type 1 diabetes with hypertension and diabetic

nephropathy. In diabetic nephropathy these antihypertensives reduce progression from micro-

to macroalbuminuria and to end stage renal disease compared to placebo as reported in a well

developed systematic review193 (Ia).

Two sets of SIGN guidelines174,194 recommend ACE inhibitors as first-line therapy in patients

with microalbuminuria due to their additional benefit on renal function, based on a review of

RCT-based evidence (Ia). 

Adverse effects of ACE inhibitors described in clinical trials and found to be problematic in

clinical use include a persistent cough (IV).

The ADA technical review76 and one randomised controlled study in the Canadian guide-

lines193 suggest that if ACE inhibitors are prescribed, serum creatinine and potassium levels

should be measured at baseline and one to two weeks after initiation (Ia).

The UKPDS showed apparent equivalence of beta-blockers (atenolol) with ACE inhibitors

(captopril) to moderate blood pressure in people with diabetic nephropathy; this study was in

people with Type 2 diabetes and had insufficient power to show any change of clinical

significance174 (Ia).

Three randomised studies have shown similar reductions in proteinuria in diabetic antihyper-

tensive patients with beta-blockers and ACE inhibitors as reported in a systematic review76 (Ia).

Concern around the blunting of recovery from hypoglycaemia by beta-blockers was not
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confirmed in a large randomised study on people with Type 2 diabetes, but caution is urged

when prescribing to insulin-treated people with a history of severe hypoglycaemia76 (Ia). 

There is no robust evidence to recommend the use of alpha-blockers as first-line treatment in

antihypertensive therapy. One ongoing multicentre trial is reported in a systematic review as

having discontinued the alpha-blocker arm of the study due to increased incidence of arterial

events in this treatment group76 (Ia).

A recent meta-analysis suggests that dihydropyridine calcium channel blockers may be

equivalent in protecting against stroke, but less effective in reducing MI and coronary events

than ACE inhibitors, beta-blockers or diuretics76 (Ia). 

One randomised study199 found no difference between dihydropyridine calcium channel

blockers and other antihypertensive drugs with respect to diabetic nephropathy. In addition,

the American guidelines76 urge caution as it is difficult to compare trials studying different

calcium channel blockers due to their diverse pharmacological effects (Ia).

Evidence for the use of thiazide diuretics is not as robust as for other antihypertensive

therapies.193 Treatment has been associated with hypokalaemia, hyponatraemia, volume

depletion, hypercalcaemia and hyperuricaemia. Two retrospective studies reported in the

American guidelines76 suggested increased arterial mortality, and other studies have shown that

thiazides may not be as effective in subjects with significantly decreased renal function (IV).

Target blood pressure

Two large multicentre trials included in a systematic review193 showed an improvement in

arterial and microvascular outcome in patients randomised to lower target blood pressures

compared to those with less intensive blood pressure lowering. Evidence supports a treatment

goal of diastolic BP <80 mmHg (Ia). 

No evidence exists on the appropriate target systolic blood pressure for people with Type 1

diabetes. Consensus recommendations from the Canadian Hypertension Recommendations

working group193 is that systolic blood pressure should be <130mmHg (IV). 

The SIGN hypertension guidelines194 note that RCTs use target blood pressures of <130/80 mmHg

in major outcome trials or 125/75 mmHg when proteinuria >1g/24h is present (IV).

Behavioural therapy 

A rigorous systematic review performed in the production of the American Diabetes

Association guidelines76 on the treatment of hypertension in diabetes reported one meta-

analysis of RCTs showing that dietary management with moderate sodium restriction has been

effective in reducing blood pressure in individuals with essential hypertension. However, this

has not been tested in a diabetic population. No evidence exists for significant benefit of

magnesium supplementation or calcium supplementation in people with diabetes (Ia). 

Weight reduction has also been shown in a systematic review of non-randomised controlled

trials76 to reduce blood pressure independently of sodium intake and to improve glucose and

lipid levels (IIa). 
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Smoking cessation, moderation of alcohol intake and mild physical activity have been

recommended by the Joint National Committee on Prevention, Detection, Evaluation and

Treatment of High Blood Pressure to reduce blood pressure76 (IV).

The American Diabetes Association guidelines76 recommend that patients with a systolic blood

pressure of 130–139 or diastolic blood pressure of 80–89 mmHg should be given lifestyle/

behavioural therapy as first-line treatment for a maximum of three months, based on evidence

from large scale RCTs (Ia). 

s Health economic evidence

The health economic literature on Type 1 diabetes does not assess the cost-effectiveness of ACE

inhibitors in lowering blood pressure in isolation. The effect of ACE inhibitors in lowering

blood pressure is linked in these studies to its effects in delaying kidney damage, and the GDG

felt that no recommendations in regard of blood pressure lowering alone could be drawn from

the existing evidence. 

s Consideration

The finding of raised blood pressure in people with diabetes is felt to be of different significance in

the presence of nephropathy, if features of the metabolic syndrome are present, or in the absence

of these findings. Other risk factors (age, ethnic group, family history, smoking) will be relevant in

the last group, in whom it was felt management should echo that of non-diabetic people of the

same age, but regarding the diabetes as a further substantial risk factor. (Formal risk calculation

was considered above under arterial disease surveillance, and is not recommended.) The

combination of raised blood pressure and nephropathy or features of the metabolic syndrome is

however known to be very high risk indeed for premature arterial disease in early middle age.

Accordingly intervention levels and targets should be lower and more strictly applied than for the

person with ‘simple’ hypertension. Very many suggestions for intervention levels based on

evidence have been put forward by other groups, with (allowing for the gradual evolution of

evidence) considerable coherence. The group assessed all the available recommendations in this

area and reached a consensus based on small differences between these.

The problems of motivating professionals and people with diabetes to manage blood pressure

appropriately, despite the clear arterial and macrovascular protection to be gained, were noted

to be multifactorial. Accordingly, recommendations emphasising intervention levels, targeting,

informed discussions and patient-held record cards were discussed. The problem of potential

and minor side effects inhibiting the achievement of major clinical gains was felt to be worth

mentioning. It was noted that lifestyle interventions have a role in blood pressure management

(considered in more detail in other parts of this guideline).

RECOMMENDATIONS 

R97 Intervention levels for recommending blood pressure management should be D
135/85 mmHg unless the person with Type 1 diabetes has abnormal albumin excretion 

rate or two or more features of the metabolic syndrome (see Table 4), in which case 

it should be 130/80 mmHg. See also R116–18.
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R98 To allow informed choice by the person with the condition, the following should be D
discussed:

● reasons for choice of intervention level

● substantial potential gains from small improvements in blood pressure control

● possible negative consequences of therapy. 

See also R116–18 in chapter 10.

R99 A trial of a low-dose thiazide diuretic should be started as first-line therapy for raised D
blood pressure, unless the person with Type 1 diabetes is already taking a renin-

angiotensin system blocking drug for nephropathy (see Chapter 10). Multiple drug 

therapy will often be required. 

R100 Adults with Type 1 diabetes should be offered information on the potential for lifestyle D
changes to improve blood pressure control and associated outcomes, and offered 

assistance in achieving their aims in this area. 

R101 Concerns over potential side effects should not be allowed to inhibit advising and D
offering the necessary use of any class of drugs, unless the side effects become 

symptomatic or otherwise clinically significant. In particular:

● selective β-adrenergic blockers should not be avoided in adults on insulin

● low-dose thiazides may be combined with beta-blockers 

● when calcium channel antagonists are prescribed, only long-acting preparations 

should be used

● direct questioning should be used to detect the potential side effects of erectile

dysfunction, lethargy and orthostatic hypotension with different drug classes. 
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9 Management of late complications: 
diabetic eye disease

9.1 Retinopathy surveillance programmes 

s Rationale

Diabetes eye damage is the single largest cause of blindness before old age. The success of laser

therapy in the treatment of sight-threatening retinopathy is an accepted part of ophthal-

mological care and has not been assessed for this guideline. Appropriate issues which need to

be addressed are, however, how people with developing retinopathy can be selected for

ophthalmological referral in time for optimal treatment, and whether preventative therapy

other than good blood glucose and good blood pressure control can be useful in people with

Type 1 diabetes. This section deals with the structure and success of surveillance programmes,

while the methods used for detection of early retinopathy, the use of alternative preventative

therapies and referral guidelines to ophthalmology are considered below. 

s Evidence statements

The SIGN guideline174 suggested from two comparative studies that screening is effective at

detecting unrecognised sight-threatening retinopathy. Onset of pre-proliferative retinopathy

was identified in one study 3.5 years after diagnosis of Type 1 diabetes in post-puberty patients,

and within two months of onset of puberty (IIa).

There are discrepancies in the recommended optimal frequency of testing for diabetic

retinopathy. Annual review was considered appropriate by consensus in two guidelines.174,200

Testing for other diabetic complications takes place annually, and this is considered an

appropriate schedule for retinopathy screening (IV).

The NICE guidelines for Type 2 diabetes201 reached consensus on a more frequent need for

screening (three to six months) in patients who experienced worsening of lesions or scattered

exudates more than one disc diameter from the fovea or in a person with changes in blood

glucose control suggesting higher risk of progression of retinopathy (NICE). 

Further research is needed in increasing this screening interval for low-risk patients. Evidence

from non-randomised controlled studies considered in a systematic review found that patients

with no retinopathy at baseline have a less than 1% chance of developing any retinopathy within

two years174 (IIa). 

Evidence from patient focus groups and the grey literature suggests that success of screening

depends on continued consistently high levels of uptake. Patients expressed importance in

discussing fear of blindness and benefits of attending regular screening. Explanations of

techniques and technologies for screening including new technologies under investigation were

requested. The need for eye drops and transient effects on vision should also be communicated.

Multiple patient reminders did not improve attendance at screening sessions. A range of

education methods is needed to encourage non-attendees (IV).
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SIGN guidelines174 cite cohort studies with high risk of potential confounding in their design

and expert opinion indicating that patients prefer screening to be performed at a site

convenient to them. Low vision clinics and community self-help groups can improve the

quality of life and functional ability of patients with visual impairment. Community support,

low vision aids and training, and assistance to register as blind/partially sighted should be

provided to people with diabetes and visual impairment (IV). 

s Health economic evidence

The health economic searches produced nine papers of potential interest to the guideline that

fall into three distinct sets. The first set of five papers354–8 present US and Swedish simulations

of the cost-effectiveness of the screening for and treatment of diabetic retinopathy using a

similar model structure. All these papers consider retinopathy screening at a yearly or more

frequent interval. Three of the papers354–6 relate to a government perspective within the US,

where the cost of federal benefits for blindness is argued to be greater than the costs of a yearly

(or more frequent) screening regimen for those with retinopathy. A fourth paper relates the

model to Sweden,357 where it is argued that retinopathy screening is cost-saving to the

government. A final paper,358 also US based, considers only medical costs (a health insurer

standpoint) and finds a cost-effectiveness ratio of $1,996 per QALY (1990 prices) for the yearly

screening of those without retinopathy and a six-monthly screening for those with retinopathy.

Two other related papers359–60 consider national retinopathy screening using an alternative

model. In one of these papers, only minimal glycaemic control is assumed (HbA1c at 10%)

when evaluating retinopathy, whilst the other gives insufficient details of the model or

alternative strategies to allow analysis. Both papers appear to produce findings consistent with

the cost-effectiveness of screening for and treatment of diabetic retinopathy.

None of the above papers consider the potential role of digital photography in detecting

diabetic retinopathy at low marginal cost.

Two papers361–2 consider the screening methods used in dispersed or isolated populations. Of

these, one relates to a mixed population with a very low proportion of Type 1 diabetes,362 whilst

the other uses highly-specific cost estimates.361 As no large dispersed or isolated subgroup exists

within the UK, the results of these papers are not relevant for the guideline.

s Consideration

Members of the group recognised that some people with long-standing stable eye condition

(and unchanging metabolic and blood pressure control) did not necessarily justify annual eye

surveillance, but that currently the practicalities and knowledge base for identification and

selection and recall of such people meant that a universal minimum recommendation of

annually was the correct judgement. More frequent assessment of some individuals with

changing retinopathy was noted to be cost-effective as they would otherwise have to be referred

to ophthalmologists. The group were aware that future developments in the evidence base may

allow for longer intervals between assessments for low-risk individuals. The importance of

education of people with diabetes as to the purpose of the surveillance was agreed, while the

issue of convenience of site was noted to have significant cost consequences. 
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RECOMMENDATIONS 

R102 Eye surveillance for adults newly diagnosed with Type 1 diabetes should be started A
from diagnosis.

R103 Depending on the findings, structured eye surveillance should be followed by: B

● routine review in one year, or

● earlier review, or

● referral to an ophthalmologist.

R104 Structured eye surveillance should be at one-year intervals. A

R105 The reasons and success of eye surveillance systems should be properly conveyed to C
adults with Type 1 diabetes, so that attendance is not reduced by ignorance of need or 

fear of outcome.

9.2 Screening tests for retinopathy 

s Rationale

The success of laser therapy in the treatment of sight-threatening retinopathy is an accepted

part of ophthalmological care and has not been assessed for this guideline. The appropriate

issue to be addressed is, however, how people with developing retinopathy can be selected for

ophthalmological referral in time for optimal treatment. This section deals with the methods

used for detection of early retinopathy, the structure of surveillance programmes having been

covered in the previous section, while other therapy issues are covered in 9.3. 

s Evidence statements

Ophthalmoscopy

Direct ophthalmoscopy does not usually meet the required standards for retinopathy screening

and review.201 Sensitivity achieved by GP and optometrist screening with ophthalmoscopes is

very low201–202 (NICE).

Ultra-wide angle screening laser ophthalmoscope

Little evidence is available in this area. One comparative study conducted on healthy individuals

reported in a systematic review is of limited applicability clinically202 (Ia). 

Slit lamp biomicroscopy

A diagnostic study quoted in a systematic review found that slit lamp biomicroscopes with

dilated indirect ophthalmoscopy used by properly-trained individuals can achieve sensitivities

similar to retinal photography, with a lower technical failure rate202 (DS).

A systematic review concluded that slit lamps are always needed for those not amenable to

digital photography202 (IV).
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Retinal photography

Retinal cameras have the highest level of accuracy of any practical screening method,203 and

provide permanent images for quality control. Retinal photography is more effective than direct

ophthalmoscopy and can regularly achieve a sensitivity of 80%174 (DS). 

Photography is more accurate at detecting the presence of microaneurysms than ophthal-

moscopy and may be of use in milder disease states203 (Ib).

A low percentage of retinal photographs are ungradeable, although this may be improved by

digital imaging. Accuracy is not dependent on the type of professional involved, but data from

non-randomised controlled studies underlines the need for training in reading the photographs

or images202 (IIa).

Limited evidence exists on the number of fields that should be viewed with a retinal camera.

One systematic review202 considering diagnostic studies showed that single-field studies gave

marginally better results than those with two or more fields (DS). 

Digital cameras show similar accuracy to conventional photography but have advantages in

image transfer and potential for automated grading.202 Technical failure rates are lower with

digital cameras (DS). 

Further evaluation of digital imaging techniques is needed to prove the usefulness of this

screening method174 (IV).

There are inconsistent results and conclusions from randomised trials regarding the use of

mydriasis in retinal photography reported in a systematic review202 (Ia). 

The Health Technology Board for Scotland assessment report202 states that there is no clear

evidence that mydriasis or the routine use of more than one image significantly alters the

sensitivity or specificity of screening for the detection of sight-threatening retinopathy. The review

concludes that there is little difference between the accuracy and failure rates of modern cameras

when used with or without mydriasis; however, the analysis of failure after non-mydriatic

photography may have favoured no difference to outcome. Comparable screening accuracy is

achieved with digital cameras, with or without mydriasis, however direct comparisons suggest that

mydriasis may occasionally result in a successful image when non-mydriatic imaging fails (DS).

A large diagnostic study of screening services in both hospital and district settings204 found

screening tests by trained retinal screeners to have a high sensitivity and very high specificity to

detect sight-threatening diabetic retinopathy as assessed by slit lamp examination (DS).

NICE Type 2 diabetes guidelines201 suggest that mydriatic 45° retinal photography is the most

effective test when screening for diabetic retinopathy (NICE). 

If more than one image per eye is required for screening then mydriasis is essential because of

constriction of the pupil caused by the first photographic flash (IV). 

Tropicamide (0.5%–1%), administered by a trained professional is a safe and appropriate way

to perform mydriasis174 (NICE). 

The use of pilocarpine to reduce mydriasis is potentially harmful202 (IV).

Blurred vision and sensitivity to light are complications of the instillation of eye drops for

mydriasis. Other related side effects such as glaucoma and allergic reactions are rare205 (IV).
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No studies reported whether differences found in sensitivities of healthcare professionals

undertaking tests were statistically significant. Comparable sensitivity is achieved by GPs and

optometrists using a direct ophthalmoscope through dilated pupils. Optometrists using slit

lamp biomicroscopy only achieved moderate sensitivity (62% sensitivity at 95% specificity).

The greatest sensitivity was found in comparative studies used in a systematic review with

trained graders using mydriatic and non-mydriatic photography202 (DS).

Initial data indicates that high-resolution automated grading systems compared to conven-

tional grading can identify the absence of microaneurysms on digital images with a high

sensitivity202 (Ia). 

A systematic review202 included a descriptive study evaluating a system for referring photo-

graphs to the next level of expertise. Referral when the grader identified any potential sign of

retinopathy, with the more experienced professionals involved in the second and third levels,

helped maintain effective analysis of images (IV). 

Diabetes UK consensus is that an effective screening system should achieve a technical failure

rate of less than 5%206 (IV).

A systematic review202 reported inconsistent findings from controlled studies of the impact of

disease condition and progression of disease on test failure rates (IIa).

Lower technical failure rates are achievable with digital photography compared to conventional

slide photography. Failure rates for ophthalmoscopy do not differ greatly from photography in

controlled studies reported within a systematic review202 (IIa).

There is a lack of discrete evidence about the role and usefulness of visual acuity testing. The

NICE Type 2 diabetes guideline retinopathy working-group201 supported the consensus

guidelines from the Royal College of Ophthalmologists on the usefulness of visual acuity testing

as part of the overall eye care approach (NICE).

Diagnosis of macular oedema rests on the use of stereoscopic, slit lamp, indirect ophthalmoscopy

in expert hands. Due to the difficulty of differentiating non-significant and clinically significant

macular oedema, the use of visual acuity testing is recommended for screening in routine

practice. Reduced visual acuity is an indication for specialist referral201 (NICE). 
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Mydriasis with tropicamide:

● reduces the failure rate (inadequately interpretable photographs) in around 5% of eyes of people with
diabetes (in particular in the second eye and in the elderly), and thus the need for recall for a further
examination when tropicamide will be necessary

● allows follow-up ophthalmoscopy to be optimised reducing false-negative referrals to ophthalmologists

● carries no detectable risk to the eye except in the post-surgical period

● is briefly uncomfortable (stings)

● paralyses accommodation (near vision) and pupil constriction for 30–60 minutes (low dose), but in some
people for much longer, giving problems with glare and bright light sufficient to impair vision to unsafe
levels for some tasks (for example driving).

Table 5 Mydriasis with tropicamide



s Consideration

The group felt that earlier judgements (for example NICE Inherited Type 2 diabetes guideline)

that digital photography best met the needs of appropriate sensitivity/selectivity, feasibility and

opportunities for quality assurance were clearly endorsed by the evidence review and personal

experience of Group members. Mydriasis was noted to be of particular importance in particular

groups of people in whom some form of ophthalmoscopy was commonly required to complete

a quality examination after photography, and appears safe if inconvenient to some people. It

was strongly endorsed. Patient preference studies have suggested that mydriasis may reduce

attendance for retinopathy screening because of its temporary effect on vision, but there is no

recorded clinical evidence to suggest this. Visual acuity testing, while ill-evidenced, was noted

to be fast and non-invasive (though requiring trained staff to test), and provided a useful

function in helping detect unsuspected macular oedema, a critical but treatable condition. 

RECOMMENDATIONS 

R106 Digital retinal photography should be implemented for eye surveillance programmes B
for adults with Type 1 diabetes.

R107 Mydriasis with tropicamide should be used when photographing the retina, B
after prior agreement with the person with Type 1 diabetes following discussion of D
the advantages and disadvantages, including appropriate precautions for driving.

R108 Visual acuity testing should be a routine part of eye surveillance programmes. D

9.3 Referral

s Rationale

The issues of surveillance programmes, screening technologies and non-blood glucose/non-

blood pressure therapies for prevention are considered in the immediately prior and following

sections of this guideline. This section considers the issue of how quickly a person with diabetes

should be seen by an ophthalmologist once potentially sight-threatening retinopathy is detected. 

s Evidence statements

The SIGN guidelines174 showed from controlled trials that poor outcomes and severe visual loss

are associated with a delay in treatment of over two years from diagnosis of sight-threatening

diabetic retinopathy. This figure was one year for vitrectomy (IIa).

s Consideration

The group felt it inappropriate to derive and recommend new referral guidelines without

detailed review of the ophthalmological literature, particularly as such guidelines were already

published by the Royal College of Ophthalmologists and the National Screening Committee

diabetic retinopathy screening group (www.nscretinopathy.org.uk). In the area of assessment

of macular oedema it was noted that retinal screening recommendations using digital

photography (see section 9.2, ‘Screening tests for retinopathy’) could not inform the referral
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process suggested by the RCO guideline; thus use of unexplained change in visual acuity was

substituted, reflecting current practice.

RECOMMENDATIONS

R109 Emergency review by an ophthalmologist should occur for: D

● sudden loss of vision

● rubeosis iridis

● pre-retinal or vitreous haemorrhage

● retinal detachment. 

R110 Rapid review by an ophthalmologist should occur for new vessel formation. D

R111 Referral to an ophthalmologist should occur for: D

● referable maculopathy: 

– exudate or retinal thickening within one disc diameter of the centre of the fovea

– circinate or group of exudates within the macula (the macula is defined here as a

circle centred on the fovea, of a diameter the distance between the temporal border of

the optic disc and the fovea)

– any microaneurysm or haemorrhage within one disc diameter of the centre of the

fovea, only if associated with a best visual acuity of 6/12 or worse 

● referable pre-proliferative retinopathy (if cotton wool spots are present, look 

carefully for the following features, but cotton wool spots themselves do not define 

pre-proliferative retinopathy): 

– any venous beading

– any venous loop or reduplication

– any intraretinal microvascular abnormalities (IRMA)

– multiple deep, round or blot haemorrhages. 

● any unexplained drop in visual acuity.

9.4 Non-surgical treatment of diabetic retinopathy

s Rationale

The means and systems of detection of diabetic retinopathy in sufficient time to allow successful

laser therapy are considered in the previous three sections. However, laser therapy is a

destructive salvage therapy, and prevention by good blood glucose and good blood pressure

control are not as yet absolutely successful. Accordingly it is important to consider whether

other approaches can delay the development of retinopathy in people with Type 1 diabetes.

s Evidence statements

There is a lack of robust evidence for non-surgical, non-laser treatment of diabetic retinopathy.

In general, trials in this area have limitations in their methodology.

The SIGN guideline174 addressed the absence of good evidence for use of ACE inhibitors in

diabetic eye disease. One multicentre RCT examined therein is methodologically limited. Trials
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with ACE inhibitor therapy are ongoing but at present there is inconclusive evidence in this

area (Ia).

There is limited evidence from trials with the antiplatelet agents ticlopidine207–208 and

dipyridamole209 that measures for deterioration of retinopathy were significantly lower in

patients treated with antiplatelet agents compared to placebo, although potential

methodological limitations would prevent this evidence forming the basis of a clinical

recommendation. Ticlopidine has a high incidence of side effects (Ib). 

One three-year study210 showed a sevenfold reduction in the number of definite annual

microaneurysms compared to placebo in insulin-treated patients, and an inverse relationship

between progression of microaneurysms and hypo-aggregability level in patients treated with

ticlopidine. The trial in this treatment area is of moderate size (Ib).

A recent randomised controlled trial211 showed high dose vitamin E significantly reduced mean

circulation time and increased retinal blood flow in diabetic patients. No differences were seen

in retinopathy level between the placebo and vitamin E groups (Ib).

s Consideration

Issues of blood glucose control, blood pressure control or smoking are covered in chapters

7 and 8. Outside these indications the evidence was not felt to be strong enough to justify any

recommendation. As this is in line with current practice, no negative recommendations were felt

to be needed.
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10 Management of late complications: 
diabetic kidney disease

10.1 Kidney damage 

s Rationale

Kidney damage in Type 1 diabetes is the largest cause of renal failure in the working age group.

Primary prevention by good blood glucose and good blood pressure control is considered

elsewhere in this guideline while this section deals with the early detection and management of

developing diabetic nephropathy. 

s Evidence statements

Predictors of nephropathy

One seven-year longitudinal study212 showed the ability to predict progression to diabetic

nephropathy by the presence of microalbuminuria may not be as reliable as previous studies

have assumed. Approximately 19% to 24% of patients with microalbuminuria develop diabetic

nephropathy. Systolic blood pressure, glycated haemoglobin and triglycerides were significantly

higher in people with Type 1 diabetes who progressed to diabetic nephropathy, than for those

who did not (III).

Five year follow-up213 of microalbuminuric patients with Type 1 diabetes showed 19%

progressed to diabetic nephropathy and 33% regressed to normoalbuminuria. Progressors had

significantly higher HbA1c and mean blood pressure and incidence of proliferative retinopathy

compared to non-progressors (III).

Another seven-year prospective study214 in 148 normotensive people with diabetes showed that

baseline albumin excretion rate (AER) is the predominant predictor for the development of

microalbuminuria in Type 1 diabetes. Raised mean arterial blood pressure and HbA1c also were

significantly related to progression to microalbuminuria (III).

A cohort study of two years follow-up215 showed in sex-specific analysis that HbA1c, age and

baseline AER were particularly important predictors of progression to nephropathy in men,

whereas duration of diabetes and triglycerides were particularly important in women. Low-

density lipoprotein (LDL) cholesterol was particularly important in people with shorter

duration of diabetes and triglycerides in those with a longer diabetes duration (IIa).

A case-controlled study with 10-year follow-up216 showed that baseline glomerular filtration

rate (GFR), although not a predictor of end-point AER or microalbuminuria, was a significant

predictor of end-of-study blood pressure level. Levels of AER and blood pressure were the main

risk factors for renal outcome. A further five-year prospective study217 showed that in patients

with microalbuminuria decline in GFR was independently correlated to onset of diabetic

nephropathy and baseline systolic blood pressure (IIa).
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Screening and diagnosis

The SIGN diabetes guidelines174 include one comparative study showing that measurements of

albumin loss and serum creatinine are the best screening tests for diabetic nephropathy (III).

Urine albumin concentration compared to urine albumin:creatinine ratio in a screening

accuracy test218 showed specificity and sensitivity for microalbuminuria of 77% and 82% and

77% and 92% and for macroalbuminuria levels of 84% and 90%, and 88% and 90%. No

statistically significant difference was seen when comparing the performance of these two

measures in detecting nephropathy (DS).

Both albumin concentration and albumin:creatinine ratio measured on a first-pass morning

urine sample and compared against timed collection of urinary albumin excretion rate, showed

high sensitivity and specificity for normal and elevated albuminuria.219 Combining the two

tests together in the same urine sample revealed the highest sensitivity (98%) and specificity

(100%) (DS).

A comparative study reported in the SIGN guidelines174 reports that first-pass morning urine

samples best reflect a timed collection and provide adequate assessment of urinary albumin

loss (III).

One test accuracy study comparing 24-hour urine collection with spot-urine samples220

showed both samples were accurate for the screening and diagnosis of diabetic nephropathy.

Urinary protein better correlates with the reference standard (urinary AER) in macro-

albuminuric (0.95) and microalbuminuric (0.80) samples, than in normoalbuminuric samples

(0.61) (DS). 

A 10-year follow up study221 showed the predication of microalbuminuria is most effective in

a four-hour morning urine collection with a greater specificity than 24-hour collection

(positive predictive value 91% vs 79%), and is similar to the overnight collection, but with a

greater sensitivity (DS).

One screening test study222 showed significant intraindividual variation of urinary albumin

excretion between samples taken in triplicate for seven days. Mean coefficient of variation was

49%. Urinary albumin excretion >1.0 mg/mmol on the first specimen had a sensitivity of 97%

and specificity of 82% for detection of those with a three sample mean >2.5 mg/mmol (DS).

A microalbumin analyser was shown in one screening test accuracy study223 to have sensitivity,

specificity, negative predictive and positive predictive values of 92%, 100%, 93% and 100%

respectively, suggesting a high reproducibility and reliability for microalbuminuria detection.

Another accuracy study224 showed a different device to have sensitivity, specificity and negative

and positive predictive value of 100%, 97%, 100% and 96% respectively (DS).

A semi-quantitative diagnostic test225 reported sensitivity of 86% and specificity of 67% to

estimate albumin excretion rate as a screening tool for microalbuminuria. This was consider-

ably lower than the reference standard of albumin concentration (sensitivity 75% and

specificity 94%) using the Micral test, which itself is not an effective screening tool for

microalbuminuria. A further three studies226–228 of similar design, predominantly comparing

Micral test with urinary albumin excretion rates returned varying results in terms of accuracy.

However all suggested a lower sensitivity of Micral test for the detection of albuminuria (DS). 
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One correlation study229 reporting on self-testing with the Micral test found that 80% of

patients classified themselves correctly. Using at least two positive test results increased the

specificity and sensitivity to 81% and 92% with a positive predictive value 71% leading to 90%

of all patients classifying themselves correctly (III).

One correlation study230 showed that the dipstick testing method was insensitive or not

adequately specific to detect abnormal overnight albumin excretion rate. This study had

potential internal validity limitations and should not be used as the basis for a positive clinical

recommendation (III). 

One diagnostic study231 of a Clinitek microalbumin test method performed in 302 people with

diabetes demonstrated sensitivity and specificity of 79% and 81% and negative and positive

predictive values of 46% and 95% for determining microalbuminuria (DS).

Management of nephropathy

The SIGN guideline174 reports results from the DCCT showing that a reduction in mean

HbA1c from 9.0% to 7.3% was associated with a 39% and 54% reduction in the occurrence of

microalbuminuria and proteinuria respectively over 6.5 years. However, no clear benefit was

seen in the treatment of established microalbuminuria in people with Type 1 diabetes (Ia).

Three prospective studies within the SIGN guideline174 reported reductions in AER with ACE

inhibitors in people with both microalbuminuria and proteinuria. In the former group blood

pressure of 112/73 and 122/79 mmHg was associated with a 30% and 18% reduction in AER at

30 and 24 months (Ia).

SIGN guidelines174 report results from an RCT that ACE inhibitors are more effective than

other agents in reducing urinary albumin loss. Three years therapy was associated with a 50%

reduction in a combined end-point of death, dialysis or transplantation, this effect was

independent of blood pressure (Ia). 

A Cochrane systematic review232 demonstrated the effect of ACE inhibitors on normotensive

people with microalbuminuria or overt albuminuria, showing a reduction in albumin excretion

rate in patients receiving ACE inhibition compared to placebo. Antihypertensive therapy also

reduced blood pressure in treated patients, compared to placebo-treated controls, with no

significant effect on GFR or HbA1c. All three ACE inhibitors included in this study had

comparable effects (Ia).

A meta-analysis of individual patient data233 demonstrated a marked benefit in terms of AER

being 54% lower in patients receiving ACE inhibitor treatment, compared to those on placebo.

Only a small fraction of this effect was due to a decrease in systolic blood pressure. There was a

clear gradation in beneficial effect depending on baseline AER. The two-year difference for

patients with baseline AER~200 µg/min was 75% compared with 18% in patients with

AER ~20 µg/min at baseline (Ia).

A medium-sized randomised controlled trial234 of 89 normotensive patients failed to show any

significant effect of ACE inhibitor treatment on mean arterial BP or creatinine clearance among

people with Type 1 diabetes without microalbuminuria followed up for five years (Ib).

Three RCTs compared the effect of ACE inhibitors and calcium channel blockers235–7 in people

with Type 1 diabetes, over follow-up periods of one to four years. One study showed reductions
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in blood pressure with either agent compared to placebo, but no effect on AER or GFR.235 The

other two studies showed a significantly greater decline in albuminuria in patients treated with

the ACE inhibitor, but no other differences between the two treatments.236–7 Some side effects

of calcium channel blockers were seen in all of these studies (Ib). 

No methodologically robust evidence exists on the use of angiotensin 2 receptor antagonists in

the management for nephropathy in people with Type 1 diabetes specifically.

NICE guidelines on Type 2 diabetes201 report an equally beneficial effect of angiotensin 2

receptor antagonists and ACE inhibitors on renal function in normotensive and hypertensive

patients. However, the guidelines comment that the evidence base for angiotensin 2 receptor

antagonists is still emerging and caution is urged when making specific recommendations for

their use as first-line therapy (NICE). 

SIGN guidelines174 recommend angiotensin 2 receptor antagonists should be considered for

people with Type 2 diabetes with microalbuminuria or proteinuria (Ia).

Two meta-analyses are reported in the SIGN guidelines.174 These found a reduction of dietary

protein to 0.6 to 0.8 g/kg/day was associated with a reduction in the rate of GFR loss in people

with proteinuria and impaired renal function, and sensitivity analysis suggested this effect was

greater in people with diabetes (Ia). 

One Cochrane systematic review238 showed a slight slowing of the decline in GFR following low

protein diet for six to 24 months follow-up (mean change in GFR –1.0 and –0.3 (ml/min) for

control and treatment groups respectively). All studies included in this review are small and an

exact level of protein restriction has yet to be established (Ia).

One systematic review239 that included randomised and non-randomised trials reported eight

studies of which some showed significant delay in progression of nephropathy following protein-

restricted diets, compared to conventional care. However, some of these studies were methodol-

ogically limited by not having sufficient follow-up time to detect particular outcomes (Ia).

Two additional RCTs240–1 were identified in this area. In one study dialysis, transplantation and

death occurred in 27% and 10% of patients receiving a usual protein vs a low protein diet

respectively. Mean blood pressure during follow-up was higher in the usual protein diet group.

GFR was comparable between the two groups. The second study found no significant difference

in renal function following low protein diet but a significant decrease in body weight and

obesity index were seen at the end of 12 months follow-up (Ib). 

One RCT242 found no effect of fish oil supplementation on the progression of renal function

and albuminuria in normotensive patients with diabetic nephropathy (Ib).

Referral

There are no studies directly examining the appropriate timing of referral of people with Type

1 diabetes and diabetic nephropathy to a renal specialist. 

Strong explicit consensus in the NICE guidelines243 for Type 2 diabetes was for specialist

referral when serum creatinine is greater than 150 µmol/l (NICE).

SIGN guidelines174 state that although no evidence exists on a time to referral, most renal

physicians would prefer patients to be referred earlier rather than later (IV). 
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s Health economic evidence

The health economic literature relating to the method of surveillance for emerging kidney

damage produced four papers.363–6 Three of these papers concentrated on the costs of testing,

and largely ignored later outcomes. The fourth of these papers366 presents a cost-utility analysis

of laboratory testing vs double dipstick testing plus laboratory assays where either result is

positive. However, this paper employs a non-standard QALY measure and this limits the

robustness of the conclusions.

Five studies367–71 consider ACE inhibitor use for those found to have proteinuria following

screening. One paper370 was excluded as it was predicated on a significantly different healthcare

system than that of the UK. The remaining four papers argued that ACE inhibitor treatment

will be cost-saving in those found to exhibit proteinuria.

The cost-effectiveness of ACE inhibitor treatment of those with microalbuminuria372–5 is also

analysed in four papers based outside of the UK, of which two consider benefits from arterial

disease in addition to the benefits of delaying or preventing nephropathy.374–5 Two

papers372,374 suggest ACE inhibitor treatment will be cost-effective on both base case and

sensitivity analysis. One cost-utility study373 (interpretation of which is limited by possible

typographic errors in the calculations) considers nephropathy benefits only and suggests ACE

inhibitor treatment is cost-effective on their base case analysis but not in sensitivity testing. A

final paper considers both nephropathy and arterial benefits and finds a high cost per life year

saved.375

s Consideration

The issue of blood glucose control and its role in the development of microvascular

complications is considered elsewhere in this guideline. 

While there was no formal evidence on frequency of testing in the individual without previous

evidence of nephropathy, organisational issues and the slow time course of progression of

nephropathy suggested yearly surveillance in concert with eye and foot surveillance. For

perceived reasons of convenience and adherence, spot urine specimens were considered more

useful than timed collections, and, because of the effects of activity on albumin excretion rate,

first-pass specimens on rising (‘early morning urine’) the most desirable. As urine

concentration varies considerably between and within individuals, the general recom-

mendation to measure an albumin:creatinine ratio was accepted, but if this was not

organisationally practical a specific and sensitive concentration test could be used. Once

positive, confirmation is recommended given the variability of albumin excretion rate from day

to day. It was not felt that confirmation required a further clinic visit if one was already

scheduled at three to four month intervals, unless there was evidence of renal impairment or

non-diabetic renal disease. It seems sensible to measure serum creatinine annually at the same

time. There is a need to consider the possibility of renal disease unrelated to diabetes. 

Effectiveness and cost-effectiveness evidence suggests that ACE inhibitors should be used as first-

line therapy in people with Type 1 diabetes once albumin excretion rate is detectably abnormal.

Discussion of side effects noted the more serious of these (hyperkalaemia and acute renal

impairment) related mostly to people with Type 2 diabetes. No direct evidence for angiotensin 2

receptor antagonists in Type 1 diabetes had been found, but as the microvascular complications
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of diabetes seem independent of aetiology of diabetes, the Group felt that evidence from Type 2

diabetes could be extrapolated. However, being more expensive, these should be reserved as

second-line therapy. Combination therapy seems likely to be effective but no recommendation is

appropriate until more evidence on benefit and risk in this area is available. 

While it was not found that a low protein diet was sufficiently well supported to be

recommended for people with evidence of established diabetic nephropathy, it was felt that

formal advice on a non-high protein diet should be given. In the absence of useful evidence, the

group were unable to set an arbitrary referral cut-off based on one biochemical measure, but

agreed to leave this to local collaborative arrangements between specialists.

RECOMMENDATIONS

See also recommendations for blood pressure in section 8.3.

R112 All adults with Type 1 diabetes, with or without detected nephropathy, should be D
asked to bring in a first-pass morning urine specimen once a year. This should be 

sent for estimation of albumin:creatinine ratio. Estimation of urine albumin 

concentration alone is a poor alternative. Serum creatinine should be measured at 

the same time.

R113 If an abnormal surveillance result is obtained (in the absence of proteinuria/urinary DS
tract infection), the test should be repeated at each clinic visit or at least every 

three to four months, and the result taken as confirmed if a further specimen (out 

of two more) is also abnormal (>2.5 mg/mmol for men, >3.5 mg/mmol for women).

R114 Other renal disease should be suspected: DS

● in the absence of progressive retinopathy

● if blood pressure is particularly high

● if proteinuria develops suddenly

● if significant haematuria is present

● in the presence of systemic ill health. 

R115 The significance of a finding of abnormal albumin excretion rate should be discussed D
with the person concerned. 

R116 ACE inhibitors should be started and (with usual precautions) titrated to full dose in A
all adults with confirmed nephropathy (including those with microalbuminuria alone) 

and Type 1 diabetes.

R117 If ACE inhibitors are not tolerated, angiotensin 2 receptor antagonists should be B
substituted. Combination therapy is not recommended at present. 

R118 Blood pressure should be maintained below 130/80 mmHg by addition of other D
anti-hypertensive drugs if necessary. 

R119 Adults with Type 1 diabetes and nephropathy should be advised about the advantages B
of not following a high protein diet.

R120 Referral criteria for tertiary care should be agreed between local diabetes specialists D
and nephrologists. 
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11 Management of late complications: 
diabetes foot problems

11.1 Screening and surveillance of diabetic foot problems 

s Rationale 

Foot ulceration, foot infection, foot and limb amputation and some forms of deformity

(including Charcot arthropathy) are major forms of disability arising from Type 1 diabetes.

Prevention and management of such problems depends on detection of risk factors, and of

markers of predisposing problems including neuropathy and vascular disease, as well as more

diverse factors such as poor footwear and skin condition. Accurate and programmed

surveillance for such risk factors is required if efficient use is to be made of education

programmes and the services of those with special expertise in management of individuals with

particularly high risk of foot ulceration. 

s Evidence statements

Monitoring

The major risk factors for foot complications have been identified in several systematic

reviews174,244 as history of ulceration and lack of sensation. 

The NICE Clinical guidelines for Type 2 diabetes244 reported inconsistent evidence of markers

associated with foot complications from nine studies using a range of methods and patient data.

These included: old age, duration of diabetes, neuropathy, peripheral vascular disease, renal

disease, foot deformities, plantar callus, previous ulceration or amputation, poor vision, poor

footwear, cigarette smoking, social deprivation and social isolation (NICE). 

The NICE guideline244 also reported five surveys investigating additional risk factors for the

elderly, concluded that suboptimal supervision of elderly patients in hospital, residential care

and general practice increases their risk of ulceration and amputation (NICE). 

Organisation of screening programmes

The SIGN guidelines174 note that absence of reliable symptoms and the high prevalence of

asymptomatic disease make foot screening essential (IV). 

One large comparative trial in a systematic review245 of a combined screening and foot

protection programme reported a statistically significant reduction in major amputations over

a two-year period compared to normal organisation of care (Ia). 

The NICE clinical guidelines244 report a Cochrane review comparing trials of general practice

vs hospital care for recall and review of foot problems, and conclude that despite the

methodological flaws in these trials a system of shared care – joint participation between

hospitals and general practices – provides levels of surveillance as good as hospital diabetic

clinic attendance alone (NICE). 

103



Information exchange between specialists is advocated in one review in the NICE Type 2

diabetes guidelines.244 However, no evidence exists to specify the components of these

procedures (NICE). 

The guidelines foot care working party244 also endorsed the findings of Diabetes UK that a

multidisciplinary team of professionals should be available to promptly provide the full range

of appropriate foot care services to patients (NICE). 

Detection of loss of foot sensation

SIGN guidelines174 concluded from three studies that neuropathy screening performed by using

clinical neuropathy disability scores, 10 g monofilaments or vibration perception thresholds, alone

or in combination, have benefits in selecting patients at increased risk of foot ulceration (DS). 

Additional techniques available for assessing neuropathic deficit that are considered in SIGN

guidelines174 include tactile circumferential discriminator, the graduated tuning fork, thermal

discrimination devices and others. These techniques have not been prospectively evaluated but

generally compare with other techniques for detection of ulcers (IV). 

There is general agreement in systematic reviews and guidelines174,244 that the 5.07 mono-

filament (10g) is cheap and easy to use compared to other neuropathic tests and is the

recommended screening test for neuropathy as a risk factor for diabetes foot ulcers (IV/NICE). 

A systematic review246 of a particular monofilament and other threshold tests for preventing

ulceration and amputation in people with diabetes found this design of monofilament correlated

best with the presence or history of an ulcer. Evidence varies as to the appropriate number of sites

to use with this technique, the majority of studies testing at ≥1 site. The plantar surface of the

forefoot provides the best discrimination between those who did and did not have ulcers (III).

Four prospective studies included in a systematic review246 described a strong predictive ability of

the monofilament test for future foot ulceration and amputation and a high reproducibility (DS).

Within a systematic review246 two non-randomised studies reported physical symptoms of

tingling, burning, hyperaesthesia and other uncomfortable sensations affecting >40% of people

with diabetes after diagnosis. However, two separate studies reported poor correlation of pain

symptoms with foot ulceration (III). 

Prospective evidence is sparse for traditional clinical assessment,246 using pinprick, tuning fork

vibration or light touch with a cotton wisp. While the reproducibility of these investigations is

low, replicability is slightly better for ankle jerks; however these tests are considered poor

predictors of ulceration (DS).

Two-point discrimination was shown in one study in a well-produced systematic review246 to

be more sensitive but less specific than monofilament or vibration perception threshold (VPT)

testing. Temperature sensation was found in two studies to be cumbersome and irritating and

correlated less well with risk of ulceration compared to monofilament or VPT (DS).

One further medium-sized diagnostic study247 described the comparability of a new technique

combining a monofilament and pinprick test to reference standard tests. The new technique

was found to have good correlation with VPT and a neuropathy disability score assessment, and

a specificity and sensitivity of roughly 80% and 70% respectively in detecting both neuropathy

disability score and VPT results identifying moderate to severe neuropathy (DS). 
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Detection of peripheral vascular disease

Screening for vascular insufficiency is less well documented than ulceration in existing

reviews174 (IV). 

Two studies in the SIGN guidelines174 note that absence of pedal pulses can be used in first-line

screening as a guide to peripheral vascular disease. Evidence from one study urges caution when

evaluating ankle pressure and pressure indices, which can be falsely elevated in people with

diabetes (DS). 

A systematic review248 of observational studies noted a restricted accuracy of pedal pulses in

identifying severe peripheral ischaemia (DS). 

The validity of Doppler ultrasonography to determine ankle-branchial index as an indicator of

peripheral blood flow was also questioned by one study in a systematic review.248 The study

noted that calcification of the media of the distal arteries, common in diabetes, may lead to

artificially high systolic pressure in the ankle (DS). 

s Health economic evidence

The health economic search found no papers specific to foot care screening or treatment in

Type 1 diabetes. As the Type 2 diabetes foot care guideline will use all the information identified

in the health economic searches, and may use other information excluded in the search process,

the specific health economic recommendations from this guideline should be applied here. 

The only exception to this comes in the cost-effectiveness of cultured human dermis where

additional modelling was undertaken. Two economic evaluations376–7 were identified from the

literature for Dermagraft, of which one paper used UK cost data,377 but the results were

unpublished. The remaining paper376 considers French cost-effectiveness in terms of cost per

ulcer healed over 52 weeks. This model was replicated by the health economist in the GDG, but

its findings could not be duplicated. No conclusion can therefore be drawn from these studies.

This replicated model was used to construct an estimate of the cost-effectiveness of Dermagraft

in QALY terms using published health utility values. Dermagraft does not appear to be a cost-

effective treatment for diabetic foot ulcers on the basis of this model. Furthermore, as the

clinical data underlying this model relates to long-standing ulcers that may be less likely to heal

with standard treatment, the general cost-effectiveness of Dermagraft for all non-recurrent

ulcers free of infection is likely to be worse than the figures produced here.

s Consideration

The group noted that this area had been examined by other quality guideline groups both

internationally and for Type 2 diabetes. No reason for being inconsistent with those

recommendations could be found, although for the most part people with foot problems and

Type 1 diabetes had predominantly neuropathic problems rather than neuroischaemic problems.

Annual foot review was thought desirable for reasons of both foot surveillance and education.

The simple and effective utility of the monofilament was noted.
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RECOMMENDATIONS

R121 Structured foot surveillance should be at one-year intervals, and should include D
educational assessment and education input commensurate with the assessed risk.

R122 The reasons for, and success of, foot surveillance systems should be properly conveyed D
to adults with Type 1 diabetes, so that attendance is not reduced by ignorance of need. 

R123 Inspection and examination of feet should include: D

● skin condition

● shape and deformity

● shoes

● impaired sensory nerve function

● vascular supply (including peripheral pulses). 

R124 Use of a 10 g monofilament plus non-traumatic pin prick is advised for detection of DS
impairment of sensory nerve function sufficient to significantly raise risk of foot 

ulceration. 

11.2 Management of foot ulceration and associated risk factors

s Rationale

Diabetes foot problems lead to significant morbidity and healthcare costs from foot ulceration

and limb amputation. In Type 1 diabetes the predominant risk factor is the development of

somatic sensory neuropathy, although peripheral vascular disease may contribute to the risks in

some people. Poor blood glucose control can interfere with healing and control of infection

where skin damage occurs.

s Evidence statements

There were no randomised controlled trials identified from the search of interventions for

managing foot ulceration and infection in populations with Type 1 diabetes specifically. We

therefore recommend following the Type 2 diabetes guideline for foot care, which considered

evidence from trials with populations with Type 2 diabetes, and mixed Type 1 and Type 2

diabetes (www.nice.org.uk) (NICE).

s Consideration

The group noted the draft recommendations of the updated Type 2 diabetes foot care guideline,

and the differences between Type 1 and Type 2 diabetes in respect of this area, mainly arising as

a result of the lesser impact of peripheral vascular disease in people with Type 1 diabetes. The

importance of trained foot care personnel was noted from the evidence statements in chapter 5.

Disappointingly there was little evidence on the effectiveness of the different antibiotic

regimens employed. The sometimes rapid progression from the start of ulceration to cellulitis

was felt to justify very rapid referral and review by a specialist team where ulceration is detected.

The economic analysis provided to the group was felt to be secure in suggesting that human

cultured dermis was not a cost-effective option in the context of the current NHS. 
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At the time of review by the group the evidence on Charcot osteoarthropathy management was felt

to be incomplete, and the group did not reach any conclusions on the subject. A recommendation

was based on the draft of the updated NICE guideline on foot care in Type 2 diabetes.

RECOMMENDATIONS

Foot complication surveillance

R125 On the basis of findings from foot care surveillance, foot ulceration risk should be D
categorised into:

● low current risk (normal sensation and palpable pulses)

● increased risk (impaired sensory nerve function or absent pulses, or other risk factor)

● high risk (impaired sensory nerve function and absent pulses or deformity or skin

changes, or previous ulcer)

● ulcer present.

Foot care management

R126 For people found to be at increased risk or high risk of foot complications: B

● arrange specific assessment of other contributory risk factors including deformity,

smoking, level of blood glucose control

● arrange/reinforce specific foot care education, and review those at high risk as 

part of a formal foot ulcer prevention programme

● consider the provision of special footwear, including insoles and orthoses, if there 

is a deformity, callosities or previous ulcer.

R127 For people with an ulcerated foot: B

● arrange referral to a specialist diabetes foot care team incorporating specifically- 

trained foot care specialists (usually state-registered podiatrists) within one to two 

days if there is no overt infection of the ulcer or surrounding tissues, or as an 

emergency if such infection is present

● use antibiotics if there is any evidence of infection of the ulcer or surrounding tissues, 

and continue these long-term if infection is recurrent

● use foot dressings taking account of cost according to local experience, ensuring

arrangements are in place to monitor and change dressings frequently (often daily)

accordingly to need

● remove dead tissue from diabetic foot ulcers

● consider the use of off-loading techniques (such as contact casting) for people 

with neuropathic foot ulcers

● do not use cultured human dermis (or equivalent), hyperbaric oxygen therapy, 

topical ketanserin or growth factors in routine foot ulcer management

● consider ensuring complete and effective foot education through the use of 

graphic visualisations of the consequences of ill-managed foot ulceration in people 

with recurrent ulceration or previous amputation

● review progress in ulcer healing frequently (daily to monthly) according to need

● if peripheral vascular disease is detected, refer for early assessment by a specialist 

vascular team. 
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Charcot osteoarthropathy

R128 Adults with suspected or diagnosed Charcot osteoarthropathy should be referred D
immediately to a multidisciplinary diabetes foot care team.
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12 Management of late complications: 
diabetes nerve damage

12.1 Diagnosis and management of erectile dysfunction

s Rationale

Erectile dysfunction in men with diabetes is common, and to a greater extent than in the

matched general population. There is some debate as to whether professionals should actively

ask about erectile problems on a recurrent basis (perhaps yearly), or only respond to self-

reported problems. There have been dramatic changes in the approach to male erectile

dysfunction in recent years, stimulated by the advent of the phosphodiesterase type 5 (PDE5)

inhibitors. 

s Evidence statements 

Significance of patient-reported sexual symptomatology in predicting actual 
physiological measures of sexual dysfunction

A medium-sized cross-sectional cohort study249 in people with diabetes mellitus evaluated the

significance of patient-reported sexual symptomatology in predicting penile tip and base

rigidity, tip and base duration of erectile episode. This study reports that the presence of

morning erections was associated with increased Rigiscan values of tip rigidity (r=0.64), base

rigidity (r=0.58), tip duration of erectile episode (r=0.65) and base duration of erectile episodes

(r=0.57), all demonstrating significant relationships (IIa).

Reports of fuller erectile quality were also significantly associated with increased Rigiscan values

of tip rigidity (r=0.58), base rigidity (r=0.42), tip duration of erectile episode (r=0.67) and base

duration of erectile episode (r=0.71).249 Other significant associations found in this cohort

study included intact ejaculatory capacity being associated with increased Rigiscan measures of

tip rigidity (r=0.45). Tip duration of erectile episode (r=0.56) and base duration of erectile

episode (r=0.30) were also related to Rigiscan measures in the same study.249

A significant inverse relationship was found between symptom frequency and the Rigiscan

measure of base duration of erectile episodes, with greater symptom frequency being associated

with diminished duration values of erectile episodes at the penile base (r=-0.39)249 (IIa).

Correlations of lower limb nerve fibre abnormalities with erectile dysfunction

A medium-sized cross-sectional cohort study250 aimed to characterise the neuropathy in

erectile dysfunction, as well as to identify nerve fibre subtypes that may be preferentially

affected. Patients were evaluated with a symptom questionnaire based on the Michigan

Neuropathy Screening instrument questionnaire and examined clinically. Sural and peroneal

nerve-conduction studies and quantitative sensory and autonomic tests (using the staging

system of Dyck) were used to detect nerve abnormalities in the lower limbs. Various
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methodological limitations inherent to the study limited the validity of the results derived from

the trial (IIa).

Relationship of symptoms of depression, sexual dysfunction and neuropathy in 
women

A small cross-sectional cohort study251 assessed the relationship between symptoms of

depression (as measured by the Beck Depression Inventory and the Hamilton Psychiatric

Rating Scale), sexual dysfunction (as measured by a questionnaire which asked patients to rate

their symptoms on a scale from 0 to 10), and neuropathy (as measured by the visual analogue

scale). However, various methodological limitations inherent to the study limit the validity of

the results derived from the trial, and should not be used as the basis for a positive

recommendation (IIa).

Sildenafil

One large multicentre study of sildenafil at 100 mg/day compared to placebo in men with

erectile dysfunction and Type 1 or Type 2 diabetes252 found significantly more men were able

to achieve and to maintain erections with sildenafil than placebo at 12 weeks. Another

11 outcomes from questionnaire-based evaluation of male sexual function described significant

improvement with the intervention drug, however there were no differences in indices of

frequency and level of sexual desire. Erectile function was improved regardless of age, duration

of erectile dysfunction, duration of diabetes or type of diabetes, and the incidence of adverse

arterial events was similar in both groups (Ib).

A smaller prospective study from the UK253 found that sildenafil at 25 mg or 50 mg, compared

to placebo, significantly improved adjusted duration of penile rigidity at base and tip. In

addition, there was an improved number of erections hard enough for sexual intercourse with

either dose, with no serious adverse events being related to treatment (Ib).

s Consideration

The group noted the problems surrounding asking all men about impotence, but suggested a

reasonable approach to this problem is to enquire as to whether individuals were ‘troubled by

sexual dysfunction’. It was not felt that the current opportunities for assisting women with

problems of organic sexual dysfunction secondary to diabetes could justify routine enquiry. The

group noted the licensing in 2003 of two additional PDE5 inhibitors to sildenafil, and felt that

the lack of comparative trials meant that any recommendations should be for the drug class

rather than any individual agent. Men still having a problem after a trial of PDE5 inhibitors had

failed might have their needs met by expertise available in a variety of care situations, suggesting

that the site of such care and advice could not be specified. 
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RECOMMENDATIONS

R129 Men should be asked annually whether erectile dysfunction is an issue. D

R130 A PDE5 (phosphodiesterase-5) inhibitor drug, if not contraindicated, should be offered A
where erectile dysfunction is a problem.

R131 Referral to a service offering other medical and surgical management of erectile D
dysfunction should be discussed where PDE5 inhibitors are not successful. 

12.2 Diagnosis and management of autonomic neuropathy

s Rationale

Autonomic neuropathy is a late complication of diabetes that presents in diverse ways and

affects a variety of organ symptoms including the skin (sweating), blood vessels (orthostatic

hypotension), gastrointestinal tract (gastroparesis, diarrhoea), heart (cardiac arrest), bladder

and sexual function. It may blunt the symptoms of hypoglycaemia. Considerable morbidity

occurs as a result of many of these problems. 

s Evidence statements

Progression of autonomic neuropathy

A long-term follow-up study measured the progression of symptoms of autonomic neuropathy

in 76 people with Type 1 diabetes and over nine years.254 This study found that of all the

symptoms of autonomic neuropathy only gastroparesis was found to have increased in

prevalence from baseline. At nine years after entering the study the only other symptoms

reported were diarrhoea, impotence, loss of vaginal lubrication, hypoglycaemia unawareness

and postural hypotension, and these were reported in not more than 9% of the study sample.

There was a tendency for many symptoms such as hypoglycaemia unawareness to recover with

time (III).

Symptoms of autonomic neuropathy

Two descriptive reviews were located that suggested possible symptoms due to autonomic

neuropathy across diabetes populations. One review255 suggested impotence, unexplained

diarrhoea, faecal incontinence, unexplained urinary symptoms (increased period between

micturition, muted sensation of bladder fullness, frequency, urinary incontinence, unexplained

bladder dilation), postural dizziness or faintness, gustatory sweating, dry feet, unexplained

bloating, early satiety, fullness, nausea, vomiting, unexplained dysphagia and unexplained

ankle oedema. The authors suggested that tests for autonomic neuropathy may help in defining

neuropathic aetiology. Another review256 found that autonomic symptoms can be vague and

may present insidiously, and that nerve damage can be found in people without symptoms

being manifest. It is suggested that a mixed presentation is usual with a combination of postural

hypotension, nocturnal diarrhoea, gastric problems, bladder symptoms, abnormal sweating,

impotence or a failure to recognise that hypoglycaemia is likely. In addition people with severe

symptoms may also have advanced retinopathy, nephropathy and somatic neuropathy (IV).
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Aldose reductase inhibitors

Three randomised controlled trials have investigated the effect of ponalrestat on autonomic

nerve function in mixed diabetes cohorts. Two small and short-term studies found no benefit

of ponalrestat over placebo in terms of heart rate variability257 or standard tests of autonomic

function,258 although a vibration perception measure or peripheral neuropathy did show a

significant improvement with the intervention drug after 16 weeks of therapy.257 However the

potential methodological limitations of this study would not recommend it for the basis for

recommendations (Ib). 

A larger multicentre trial259 also testing the effect of 600 mg of ponalrestat compared to placebo

found heart rate response to standing was significantly greater on the intervention drug while

HbA1c remained constant throughout the period, and with no effect on frequency of adverse

events, although only a third of the study population displayed abnormal autonomic

neuropathy from tests, with the sample being drawn from people with diabetes and peripheral

neuropathy (Ib).

A long-term study260 found that there was a significant increase in indices of postural index and

heart rate variability after two years of treatment with tolrestat compared with placebo, with

changes in autonomic function not being influenced by changes in HbA1c level. This study was

conducted in people with diabetes who displayed abnormalities in two or more standard

autonomic function tests and used a dose of 200 mg/day tolrestat (Ib).

ACE inhibitors

Two small studies with medium-term follow-up investigated the potential of the angiotensin

converting enzyme inhibitor quinapril to improve the heart rate variability of people with

diabetic autonomic neuropathy. One study261 found total heart power (by 24-hour ECG) to be

improved with quinapril compared to placebo as was high frequency power at six months. In

addition there was a significant increase in the level of heart rate variability at both three and

six months. A similar study for 12 months262 found quinapril to have beneficial effects on all

heart rate frequency domains, and the low frequency to high frequency power ratio to be lower

(improved) with quinapril than placebo, and this held for analysis of morning, evening, or

night-time comparisons. The study also found quinapril to reduce heart rate to 12 months

although no effect was seen on blood pressure. No complications of diabetic autonomic

neuropathy or hospitalisations were reported (Ib).

No studies were identified that determined the effects of quinapril on symptoms of autonomic

neuropathy.

Indirect cholinergic agent cisapride

A small crossover trial of 20 mg cisapride compared to placebo in a mixed diabetes

population263 found no increase in antral or duodenal motility with the intervention drug;

however, antral-duodenal coordination was significantly improved when fasting, and at other

meals (Ib).

112

Type 1 diabetes in adults: national clinical guideline for diagnosis and management



Erythromycin

Three small crossover trials of erythromycin compared to placebo in people with Type 1

diabetes and documented gastroparesis found short-term improvement in emptying of solids

and mixed results with liquids with oral264,265 or intravenous266 administration, without side

effects. However no improvements in symptoms scores were reported and larger scale and

longer trials will be required to prove efficacy (Ib).

s Health economic evidence

No health economic papers were found regarding the diagnosis of either autonomic neuropathy

or gastroparesis. One paper378 was identified in the cost-effectiveness of management for

painful neuropathy. However, as a review of other evidence, specific cost-effectiveness data was

limited to recommending intensive treatment to reduce complications.

s Consideration

The group noted that the manifestations of autonomic neuropathy often occurred

independently of each other, with very significant overlap into many other super-specialties of

medicine (for example dermatology, gastroenterology, urology). Accordingly, the topic

addressed a wider range of diagnostic and management issues than could be tackled in a

diabetes guideline. Nevertheless the importance of alertness to, and detection of, these

conditions was clearly relevant to the practice of the diabetes team. Of specific relevance is

gastroparesis because of the effect of this condition on blood glucose control, but the group

recognised that the diagnosis of this condition was not easy or reliable, and the treatments

available only partially and erratically successful.

RECOMMENDATIONS

R132 In adults with Type 1 diabetes on insulin therapy who have erratic blood glucose D
control (or unexplained bloating or vomiting), the diagnosis of gastroparesis should 

be considered. 

R133 In adults with Type 1 diabetes who have altered perception of hypoglycaemia the D
possibility of sympathetic nervous system damage as a contributory factor should be

considered.

R134 In adults with Type 1 diabetes who have unexplained diarrhoea, particularly at night, D
the possibility of autonomic neuropathy affecting the gut should be considered. 

R135 Care should be taken when prescribing antihypertensive drugs not to expose people D
to the risks of orthostatic hypotension as a result of the combined effects of sympathetic

autonomic neuropathy and blood pressure lowering drugs.

R136 Adults with Type 1 diabetes who have bladder emptying problems should be D
investigated for the possibility of autonomic neuropathy affecting the bladder, unless 

other explanations are adequate. 
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R137 The management of the symptoms of autonomic neuropathy should include standard D
interventions for the manifestations encountered (for example, for erectile dysfunction 

or abnormal sweating).

R138 For adults with Type 1 diabetes with diagnosed or suspected gastroparesis a trial D
of prokinetic drugs is indicated (metoclopramide or domperidone, with cisapride as 

third line if necessary).

Anaesthesia and autonomic neuropathy

R139 Anaesthetists should be aware of the possibility of parasympathetic autonomic D
neuropathy affecting the heart in adults with Type 1 diabetes who are listed for 

procedures under general anaesthetic and who have evidence of somatic neuropathy 

or other manifestations of autonomic neuropathy.

12.3 Optimum management of painful neuropathy

s Rationale

Symptomatic neuropathy is unusual amongst the forms of diabetes tissue damage in that it is a

relatively early manifestation of the effects of hyperglycaemia, which may go into remission

with progression of nerve damage (nerve death) or recovery of nerve fibre function. The

symptoms are protean in nature, and often very troublesome to the person with diabetes,

especially if sleep is disturbed. Management can be difficult. 

s Evidence statements

Anticonvulsants

One large meta-analysis267 found a significant benefit of at least 50% pain relief with people

with anticonvulsants compared to placebo. The relative risk estimates showed that anti-

convulsants had a significantly increased incidence of adverse effects compared with placebo for

minor but not major harm (Ia).

One small, randomised controlled trial of gabapentin268 found an improvement over placebo

control on a pain questionnaire at 12 weeks but with no significant improvement on a visual

analogue pain scale, or present pain intensity. No significant adverse events were reported in

either study arm but minor events drowsiness, fatigue and imbalance were more common in

the population on gabapentin than on placebo (Ib).

The differences in mean pain intensities between the intervention and control groups were

significant after eight weeks at lamotrigine doses of 200, 300 and 400 mg in a small-scale

prospective randomised trial.269 This study found no significant changes in assessment of

McGill Pain Questionnaire, Beck Depression Inventory and Pain Disability Index (Ib).

Antidepressants

One large meta-analysis found a significant benefit of at least 50% pain relief with people with

antidepressants compared to placebo267 with pooled analyses of tricyclic antidepressants

showing significant benefit but no benefit with selective serotonin re-uptake inhibitors.
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Tricyclic antidepressants used were prescribed in doses in the low to moderate range for

depression. Antidepressants had a significantly increased incidence of adverse effects compared

with placebo with typical antimuscarinic effects of dry mouth, constipation and blurred vision.

Also major events (leading to withdrawal from the trial) were more common with

antidepressants than placebo, the number needed to harm (NNH) for a major adverse effect

with antidepressants compared with placebo was 17 (Ia).

A small short-term randomised controlled trial270 investigating mean pain intensity diary

scores in a six-week within-patient comparison, showed that desipramine was superior to

placebo. No significant difference between incidence of adverse events or withdrawals between

desipramine and placebo groups (Ib).

Other therapies

Amantadine: A small randomised controlled trial with a one-week follow-up271 found

amantadine infusion at 200 mg in 500 ml 0.9% saline infusion over three-hour period caused

a significant clinically relevant reduction in pain score when compared with placebo, and

caused a significant improvement in the neuropathy symptom score. Following amantadine,

there was a clinically significant subjective tenfold improvement in pain relief (Ib).

Capsaicin: A meta-analysis272 comparing a range of studies with outcomes from four to eight

weeks found capsaicin cream produced significantly higher response rates than placebo cream

for physician assessment of global pain in two of the trials, but not in the other two (Ia). 

Clonidine: No statistically significant difference between intervention and control groups in

patients’ pain record diary or pain intensity levels in two randomised trials of clonidine.273,274

In the patients completing the study, dry mouth and drowsiness tended to occur more

commonly with clonidine than placebo273 (Ib).

Gamma-linolenic acid: Compared with placebo, dietary supplementation with gamma-

linolenic acid was reported as being associated with significant clinical, neuropsychological and

quantitative sensory improvement in established distal diabetic polyneuropathy in the medium

term.275 A significant improvement in the gamma-linolenic acid group compared with the

placebo group was seen in nine variables: symptom scores, median MCV (m/s), peroneal MCV

(m/s), median CMAP (mV), peroneal CMAP (mV), median SNAP (µV), sural SNAP (µV),

ankle HT (°C), wrist HT (°C). This study recruited only people with Type 2 diabetes (Ib).

A second trial276 confirms this with gamma-linolenic acid being significantly superior in

improving neuropsychological, neurological and thermal sensation parameters of diabetic

neuropathy compared with placebo over a one-year period. A significant improvement in the

gamma-linolenic acid group compared with the placebo group was seen in: peroneal MNCV,

median MNCV, extensor digitorium brevis CMAP, thenar CMAP, sural SNAP, median SNAP,

wrist heat threshold, wrist cold threshold, arm muscle strength, arm tendon reflexes, leg tendon

reflexes, arm sensation, leg sensation. Subgroup analysis showed improvement of outcome

parameters with the gamma-linolenic acid was greater in patients with initial HbA1c <10%

than those with HbA1c >10% (Ib).

Isosorbide dinitrate (ISDN): A small crossover trial277 showed significant reductions in pain and

burning sensation using the ISDN spray compared with placebo. During the ISDN phase of the
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study, two patients developed mild transient headaches, which resolved spontaneously and did

not affect overall adherence with the spray (Ib).

Mexiletine: Trials of mexiletine have provided mixed results in terms of efficacy for pain

reduction in people with diabetes and painful neuropathy. This difference in effect could be due

to clinical differences in study populations, doses utilised or length of follow-up measured (Ib).

A significant reduction in pain during night-time (as estimated by the visual analogue scale

score for pain) was observed in the mexiletine 675 mg group compared with the placebo group

as was a significant reduction in sleep disturbances in a large multicentre randomised trial.278

No significant difference between groups in daytime pain or global assessment of efficacy was

recorded. However, another study279 showed no improvement in the McGill Questionnaire or

on the visual analogue scale for pain to five weeks (Ib).

In contrast a study of mexiletine compared to placebo for 26 weeks280 found that the Five Item

Symptom Scale Score was improved in all but one patient during treatment with mexiletine, but

in only two patients during the placebo phase. Mexiletine significantly improved pain,

dysaesthesia and paraesthesia. During treatment with mexiletine the visual analogue score fell

significantly. Three patients had mild side effects when treated with mexiletine, including

nausea, hiccough and tremor (Ib).

Tramadol: A medium-scaled prospective randomised trial281 of tramadol at up to 200 mg/day

found that by day 14 people in the tramadol group had less pain than patients in the placebo

group. This benefit lasted through to the end of the trial at day 42. They also scored better on

outcomes of physical and social functioning. No statistically significant differences between

treatments were noted for current health perception, psychological distress, overall role

functioning and the two overall sleep problem indexes and sleep subscales. The most common

adverse events in the tramadol group were nausea (23%), constipation (22%), headache (17%)

and somnolence (12%). Nine patients treated with tramadol and one treated with placebo

discontinued due to adverse events. The most common adverse events leading to discon-

tinuation of tramadol were nausea and dyspepsia. However, this study recruited only people

with Type 2 diabetes (Ib).

s Consideration

The group noted that the severity of neuropathic symptoms varied considerably between

individuals. Many of the well-established drugs were used outside licensed indications in

contrast to the newest drugs. Established clinical practice, as in most areas of pain control, uses

a stepped approach, and no reason for challenging that was found. Nevertheless, the group was

also aware that prescribing habits and long review intervals could lead to suboptimal manage-

ment where therapies proved ineffective, both through a failure to recognise an unsuccessful

trial of therapy and through over-slow dose titration. In the absence of comparative studies,

while gabapentin was believed more effective than tricyclic drugs, the need for dose titration

and problems of intolerance together with cost suggested the older drugs to be worth a trial

first. Other drugs were now felt by the group to be reserved for people failing trials of tricyclic

drugs and gabapentin. The group were aware of difficulties with evidence on gamma-linolenic

acid, which meant that it could not be considered further for this guideline. The group also

noted the availability of local pain management teams for people whose pain does not respond

to conventional measures.
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RECOMMENDATIONS

R140 Use of simple analgesics (paracetamol, aspirin) and local measures (bed cradles) are D
recommended as a first step, but if trials of these measures are ineffective, they should 

be discontinued and other measures should be tried.

R141 Where initial measures fail, a low to medium dose of a tricyclic drug should be used, A
timed to be taken before the time of day the symptoms are troublesome; adults with 

Type 1 diabetes should be advised that this is a trial of therapy. 

R142 Where an adequate trial of tricyclic drugs fails, a trial of gabapentin should be started, A
and not stopped unless ineffective at the maximum tolerated dose or at least 

1,800 mg per day. 

R143 If treatment with gabapentin is unsuccessful, carbamazepine and phenytoin should be D
considered.

R144 Where severe chronic pain persists despite trials of other measures, opiate analgesia D
may be considered. At this stage the assistance of the local chronic pain management 

service should be sought. 

R145 Professionals should be alert to the psychological consequences of chronic painful D
neuropathy, and offer appropriate management where they are identified. 

R146 Where drug therapy is successful in alleviating symptoms, trials of reduced dosage D
and cessation of therapy should be considered after six months of treatment. 

R147 Where neuropathic symptoms cannot be adequately controlled it is useful, to help D
individuals cope, to explain: 

● the reasons for the problem

● the likelihood of remission in the medium term

● the role of improved blood glucose control. 
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13 Management of special situations

13.1 Adults who are newly diagnosed

s Rationale

The time following diagnosis is one of marked stress for many adults with diabetes. However,

decisions taken at this time may have a long-term impact, and to be accurate and effective

would appear to need fairly complete assessment of medical and lifestyle factors. These can be

expected to affect choice of therapy and monitoring requirements, educational requirements,

input from different members of the multidisciplinary team, site of care and the need for

involvement of other health-related services and perhaps employers and other institutions.

s Evidence statements

Organisation of initial assessment planning

Consensus in the ADA guidelines76 suggests that medical evaluation is made to classify the person

presenting as a basis for a management plan and to assess complications. This is echoed by

Diabetes UK recommendations for management in primary care282 which indicate that a planned

programme of diabetes care should include systems for ensuring assessment and acute

management of all newly-diagnosed patients. In addition, American guidelines from the

Department of Veterans Affairs283 identify initial assessment as a useful tool to review systems

and set priorities for care (IV).

Content of the initial assessment plan

All of the guidelines reviewed are aimed at a mixed diabetic population and do not specify any

specific features of initial assessment that are particular to people with Type 1 diabetes. All

guidance suggests that assessment should look for co-morbid conditions that people with

diabetes are more commonly at risk from282–5 and should consider factors that may affect the

management of diabetes such as COPD, substance misuse and depression.283–5 Factors that may

precipitate diabetes secondary to other medical conditions should also be considered283 (IV).

Other factors of initial assessment that can aid management planning that are widely suggested

included physical examinations, laboratory tests including lipid profile, urinalysis and

ECG.282–3,285 Consideration for referral is advised for (IV): 

● urgent hospitalisation if patient is clearly unwell,282 or 

● where specialist examination is required for eye exam, family planning, diabetes

education, behavioural advice or foot disorders.285

Consistent documentation of assessment is widely recommended,282–3 and initial assessment

should be used for the baseline of an individualised management plan282,285 (IV).
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Benefit of initial assessment plan

No interventional studies were identified that assess the affect on outcomes of improved initial

assessment planning. It may be assumed that benefits may accrue in terms of understanding

and satisfaction with care, and potentially with adherence to management plans, although these

cannot be quantified at this time (IV).

s Health economic evidence

The health economic searches produced no studies giving guidance on appropriate insulin

regimens for those newly diagnosed with Type 1 diabetes.

s Consideration

The group noted that this was not an area in which to expect RCT evidence of different styles

of initial management planning, and endorsed in general the views expressed in other recent

guidelines for people with Type 1 diabetes. An overlap with the education recommendations of

this guideline (see 6.1) was noted.

RECOMMENDATIONS 

R148 At the time of diagnosis (or if necessary after the management of critically D
decompensated metabolism) the professional team should develop with, and explain 

to, the adult with Type 1 diabetes a plan for their early care. To agree such a plan will

generally require:

● medical assessment to:

– ensure security of diagnosis of type of diabetes

– ensure appropriate acute care is given when needed

– review and detect potentially confounding disease and drugs

– detect adverse vascular risk factors

● environmental assessment to understand:

– social, home, work and recreational circumstances of the individual and carers

– their preferences in nutrition and physical activity

– other relevant factors such as substance use

● cultural and educational assessment to identify prior knowledge and to enable 

optimal advice and planning about:

– treatment modalities

– diabetes education programmes

● assessment of emotional state to determine the appropriate pace of education.

The results of the assessment should be used to agree a future care plan. 

R149 Elements of an individualised and culturally-appropriate plan will include: D

● sites and timescales of diabetes education including nutritional advice (see section 6.1,

‘Education programmes for adults with Type 1 diabetes’ and 6.3, ‘Dietary management’)

● initial treatment modalities (see section 7.3, ‘Insulin regimens’ and 7.4, ‘Insulin delivery’)

● means of self-monitoring (see section 6.2, ‘Self-monitoring of glood glucose’)
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● means and frequency of communication with the professional team

● follow-up consultations including surveillance at annual review (see the chapters 

on the management of late complications (chapters 9 to 12))

● management of arterial risk factors (see chapter 8, ‘Arterial risk control’). 

R150 After the initial plan is agreed, arrangements should be put in place to implement it D
without inappropriate delay, and to provide for feedback and modification of the plan 

over the ensuing weeks. 

13.2 Diabetic ketoacidosis 

s Rationale

The management of diabetic ketoacidosis (DKA) is a topic which has attracted considerable

attention over 40 years, because it can carry a high fatality risk if suboptimally managed. If

optimally managed, the fatality and morbidity rates are very low. The topic is not easily

addressed within a general diabetes guideline, being large enough for a guideline of its own. The

approach below is to address some broad principles and specific topics of contention, rather

than present a detailed protocol.

s Evidence statements

Insulin therapy

Continuous vs intermittent insulin therapy for DKA was evaluated in one small randomised

study.286 Insulin was administered as bolus injections (50 U/2h) compared to continuous

insulin infusion (10 U/h) and low dose continuous insulin infusion (2 U/h) with an initial

loading dose. To reduce plasma glucose concentrations, continuous infusion is as effective as

intermittent insulin therapy at 10 U/h, with reduction to 5 U/h when plasma glucose

<300 mg/100 ml. DKA recovery rate was significantly reduced following the very low dose

continuous infusion regimen (Ib).
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● Social, cultural and educational history/lifestyle
review

● Complications history/symptoms

● Long-term/recent diabetes history

● Other medical history/systems

● Family history of diabetes/arterial disease

● Drug history/current drugs

● Vascular risk factors

● Smoking

● General examination

● Weight/body mass index

● Foot/eye/vision examination

● Urine albumin excretion/urine protein/serum
creatinine

● Psychological well-being

● Attitudes to medicine and self-care

● Immediate family and social relationships and
availability of informal support

Table 6 Some items of the initial diabetes assessment



Another small study287 showed that low doses of insulin given by intermittent intramuscular

(IM) injection or by constant intravenous (IV) infusion after an initial IV loading dose are

similarly effective in controlling DKA. Time to recovery of DKA and total insulin dose required

did not differ between the two treatment groups (Ib).

A comparison288 of different possible routes of insulin delivery in treating DKA showed similar

efficacy for IV, IM and subcutaneous (SC) administered insulin therapy. No significant

differences were seen for the time to metabolic recovery or total insulin dose or fluid

replacement requirements. Patients receiving IM insulin were most likely to require additional

insulin loading dose to achieve an adequate initial response. In this report a significantly higher

rate of decrease in glucose and ketone bodies was observed in the first two hours following IV

insulin, but these differences were not maintained over the rest of the recovery period (Ib).

No significant differences in recovery rates were seen following the administration of human

and porcine insulin for treatment of DKA in a prospective trial with a small study population

of people with both Type 1 and Type 2 diabetes289 (Ib). 

Continuation of insulin administration past the usually cut-off point of near-normoglycaemia

vs conventional insulin regimen (rehydration, electrolyte replacement and insulin at 5 U/h to

near-normoglycaemia, that is blood glucose less than or equal to 10 mmol/l, and then at a

reduced rate until clinical recovery) in one small study,290 significantly increased the resolution

of ketosis, measured as duration of elevated blood 3-hydroxybutyrate levels, and acidosis (Ib). 

Bicarbonate therapy

Intravenous sodium bicarbonate therapy added to the treatment regimen for DKA was shown

in a randomised trial with small sample size291 to increase recovery of arterial pH and

bicarbonate levels in the first two hours, but did not effect pCO2 or blood glucose levels. All

patients in the bicarbonate group developed hypokalaemia (Ib). 

One study292 compared the effect of two different intravenous bicarbonate doses (adjusted to

initial arterial pH) on the recovery rate of DKA, with placebo. No significant differences were

seen between the groups treated with bicarbonate or placebo (Ib). 

In agreement with these studies, one small trial293 showed intravenous bicarbonate therapy had

no additional beneficial effect when compared to standard DKA therapy without bicarbonate

supplementation (IIa). 

No significant differences were seen after addition of phosphate therapy to treatment for DKA

in a small trial.294 A protective effect against hypophosphataemia was seen following phosphate

treatment compared to placebo, but only on the first day of treatment (Ib). 

An additional paper295 also reported no evidence of clinical benefit of phosphate therapy

compared to placebo (Ib). 

Somatostatin therapy 

One small study296 concluded that addition of the somatostatin analogue octreotide to low-

dose insulin therapy reduced the time taken for correction of ketonuria. However, no such

effect was seen on recovery rate of hyperglycaemia and acidosis (Ib). 
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s Health economic evidence

The health economic searches found only one US-based costing study.379 As such, no specific

health economic guidance can be provided here.

s Consideration 

DKA management was noted to be based on a mixture of types of evidence, pathological,

pharmacokinetic, clinical outcomes, cohorts and trials. 

It was noted that DKA management is:

● quite detailed

● often performed under the supervision of diverse groups of specialists

● dependent on careful monitoring if catastrophic outcome is to be avoided.

There was broad consensus on issues of management, which largely seem to revolve around

ameliorating the acidosis and hyperglycaemia without inducing the possibly fatal complications

of cerebral oedema, hypokalaemia or aspiration pneumonia. Moderation in speed and methods

of correcting dehydration, hyperglycaemia and ketosis is combined with a high intensity of

monitoring of the changing condition of the patient. 

The group noted that there was no evidence at all for the use of bicarbonate in any situation,

and that the consensus recommendations for its use below a pH of 6.9 were poorly grounded

in either clinical experience or any kind of evidence.

The group noted that the nature of insulin pharmacokinetics and pharmacodynamics suggested

that the detailed studies of ways of starting insulin infusions had no logical basis.

Clinical experience of management in adults suggested that acute respiratory distress syndrome

(‘fluid on the lung’) was seen not infrequently in addition to cerebral oedema. While the

evidence that either of these could be ameliorated by using lower rates of saline replacement was

not good, nor was there any impression that in the non-shocked patients such lower rates were

harmful. Accordingly they are recommended.

Members of the group had seen examples of glucose concentration escape after reaching near-

normal glucose levels, and felt that the evidence-based lesson of the Belfast paper290 (that these

insulin-resistant patients require continued administration of higher rates of insulin than other

patients on insulin infusions) was worth noting. 

RECOMMENDATIONS

R151 Professionals managing DKA should be adequately trained including regular updating, D
and familiar with all aspects of its management which are associated with mortality and

morbidity. These topics should include:

● fluid balance

● acidosis

● cerebral oedema

● electrolyte imbalance

● disturbed interpretation of familiar diagnostic tests (white cell count, body 

temperature, ECG)
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● respiratory distress syndrome

● cardiac abnormalities

● precipitating causes

● infection management including opportunistic infections

● gastroparesis

● use of high dependency and intensive care units

● and the recommendations below.

Management of DKA should be in line with local clinical governance.

R152 Primary fluid replacement in DKA should be with isotonic saline, not given too rapidly D
except in cases of circulatory collapse.

R153 Bicarbonate should not generally be used in the management of DKA. A

R154 Intravenous insulin should be given by infusion in cases of DKA. A

R155 In the management of DKA, once plasma glucose concentration has fallen to D
10–15 mmol/l, glucose containing fluids should be given (not more than two litres in 

24 hours) in combination with higher rates of insulin infusion than used in other 

situations (for example 6 U/h – monitored for effect). 

R156 Potassium replacement should begin early in DKA, with frequent monitoring for the D
development of hypokalaemia.

R157 Phosphate replacement should not generally be used in the management of DKA. A

R158 In patients whose conscious level is impaired, consideration should be given to D
insertion of a nasogastric tube, urinary catheterisation to monitor urine production 

and heparinisation.

R159 To reduce the risk of catastrophic outcomes in DKA, monitoring should be continuous D
and review should cover all aspects of clinical management at frequent intervals.

13.3 Inpatient management 

s Rationale

People with Type 1 diabetes often find that time in hospital, or other institutional care, is

somewhat stressful. The delicate equilibrium they may have established with their insulin

therapy can be destroyed by the change in routine, change in nutrition and the effects of illness

and procedures. They find too often that the expertise they bring to their diabetes management

is underused by staff with less knowledge of the condition than themselves. Special insulin

regimens may be needed to cope with procedures which interfere with eating patterns, or which

cause enough metabolic stress to otherwise disturb control of diabetes. In some acute situations

there is evidence that special insulin management may improve the outcomes of other medical

conditions.

The overwhelming majority of admissions of people with diabetes are for non-diabetes related

medical and surgical conditions. Indeed the problems discussed above are likely to be greater

when care is outside the responsibility of the multidisciplinary diabetes team. Accordingly the

evidence search and recommendations are intended to cover hospital and other institutional
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care across all specialties. However, some aspects of continuing self-care will self-evidently not

be relevant during extreme critical illness. 

The principles espoused are seen as applying, in general, to other institutional care (prisons,

residential and nursing homes) as well as hospital care.

s Evidence statements

Multidisciplinary team care

One study297 showed a significant reduction in length of stay in hospital following supervision by

a diabetes specialist nurse. Significant differences were also seen in patient satisfaction and

diabetes knowledge, although not for readmission frequency, referral rates or quality of life (Ib). 

A cohort study298 showed a significant reduction in length of stay in medical and surgery wards

in patients with diabetes following the introduction of a diabetes nurse advisor (IIa).

A prospective randomised study examining the impact of a specialist diabetes team on inpatient

management55 demonstrated a significant increase in documentation of instructions for blood

glucose monitoring, insulin administration, received education and nutritional consultation.

Patients were significantly less likely to be readmitted within three months following

supervision by a specialist diabetes team (Ia). 

Hospital procedures

A small prospective randomised trial of aggressive IV insulin therapy with glucose level checks

every 15 to 30 minutes compared to standard insulin therapy in a mixed diabetes cohort

undergoing cardiopulmonary bypass299 found that phagocytic activity decreased less with the

aggressive regimen at one hour post operation. There was no measurement of clinical outcomes

in this trial (Ib).

A cohort study from the United States in a mixed diabetic population300 found that blood

glucose levels on the day of operation to the third post-operative day were significantly lower

with continuous insulin infusion compared to individualised subcutaneous insulin injection.

Also the risk of deep sternal wound infection following cardiac surgery was independently

associated with receiving continuous insulin infusion in multivariate analysis (IIa). 

In another trial including people with both Type 1 and Type 2 diabetes,301 continuous IV

infusion of insulin from an electrically-driven syringe produced no significant differences in

plasma beta-hydroxybutyrate:acetoacetate ratio, lactate:pyruvate ratio or concentrations of

cortisol and catecholamine compared with a two-hourly bolus IV insulin injection. The total

amount of insulin and rate given was similar in both groups (Ib).

Two small studies of IV delivery of insulin compared to subcutaneous injection in either minor302

or major303 surgery found that median blood glucose can be reduced on the first postoperative

day with IV delivery although this did not hold true for all time points at which levels were tested,

and that more measurements were found to be in the target range of 5–10 mmol/l, also

haemoglobin levels were higher with the IV infusion regimen, although chest X-rays revealed no

infective processes either pre- or postoperatively.302 Alternatively the insulin to glucose ratio was

significantly lower in people receiving IV insulin compared to the subcutaneous group, and the
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number of dosage adjustments required was lower with the IV delivery method.303 No significant

hyper- or hypoglycaemic events were recorded in either trial (Ib).

The use of a two pump IV infusion technique in which a y-shaped cannula was connected to

separate pumps delivering glucose and potassium and another providing insulin was compared

to a standard IV regimen with variable amounts of insulin being added to a glucose and

potassium infusion bag during a range of surgical procedures on people with Type 1

diabetes.304 The former method provided lower glucose concentrations when people were

being taken off infusion during the sliding scale period, and when on their normal insulin

regimen postoperatively as compared to the standard method. However there were no

significant differences between groups in the median length of time on the regimens, the length

of stay or in the number of infections reported (Ib).

An experimental method for adjusting dose of infused insulin for critically ill diabetic patients

using a fuzzy logic principle compared with standard algorithms was tested in a small

randomised controlled trial.305 Over 72 hours the adjustment using fuzzy logic produced lower

mean blood glucose levels than the standard method, with level falling below 10 mmol/l in a

shorter period. This appeared to be achieved by more frequent dose adjustments (Ia). 

Myocardial infarction

A large randomised controlled trial including 620 people306 demonstrated a significant

reduction in total mortality at three months, one year and three and a half years, and re-

infarctions following insulin-glucose infusion, compared to controls (Ib). 

One moderate-sized prospective randomised trial in an elderly mixed diabetic population (19%

Type 1)307 tested the use of 24 hours of infused insulin, followed by subcutaneous injections for

three months. This was found to reduce glucose levels further than a control of no insulin

during the first 24 hours of admission. However no significant differences in HbA1c were noted

between the group to 24 hours. There was also excess incidence of hypoglycaemia among the

insulin-treated patients (Ia).

An additional prospective controlled trial308 showed a significant reduction in total mortality

and the occurrence of complications (heart failure and arrhythmias) with continuous

intravenous insulin therapy compared to conventional therapy, however, this population was

predominantly people with Type 2 diabetes. Subgroup analysis showed that reductions in

complications were only significant in patients treated with oral hypoglycaemic agents, no

insulin or diet alone (IIa). 

s Health economic evidence

One UK-based study297 suggested that the provision of a hospital-based diabetes specialist

nurse lowered the cost per patient admission without producing a significant difference in

readmission, quality of life or patient satisfaction.

s Consideration

The evidence supporting the benefit of specialist multidisciplinary team advice in giving

healthcare and cost gains to inpatients outside specialist diabetes wards was felt to be
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conclusive. Professional and patient members of the group were sadly familiar with the failure

of some wards to use the expertise of people with diabetes, and the distress this can cause when

care becomes suboptimal as a result. This was noted to be particularly the case in relation to

nutritional intake and insulin therapy.

The evidence base for optimal use of insulin therapy in people with diabetes suffering critical

acute arterial (and non-arterial) emergencies comes mainly from cohorts of people with Type 2

diabetes. The pathophysiological situation in these circumstances was not thought to be

significantly different in Type 1 diabetes, and that evidence was therefore taken as the basis for

a clinical recommendation. 

The group was aware that the most widely established technique for managing people requiring

insulin through surgical and other procedures (the glucose–insulin–potassium infusion) was

not identified by the literature search despite a significant descriptive literature. Nevertheless,

the prevalent use of this technique throughout the UK was felt to be such that it would be

inappropriate not to recommend its general use. 

RECOMMENDATIONS

R160 From the time of admission, the person with Type 1 diabetes and the team caring for B
him or her should receive, on a continuing basis, advice from a trained 

multidisciplinary team with expertise in diabetes.

R161 Throughout the course of an inpatient admission, the personal expertise of adults D
with Type 1 diabetes (in managing their own diabetes) should be respected and 

routinely integrated into ward-based blood glucose monitoring and insulin delivery, 

using the person with Type 1 diabetes’ own system. This should be incorporated into the

nursing care plan. 

R162 Throughout the course of an inpatient admission, the personal knowledge and needs D
of adults with Type 1 diabetes regarding their dietary requirements should be a major

determinant of the food choices offered to them (except when illness or medical or 

surgical intervention significantly disturbs those requirements).

R163 Hospitals should ensure the existence and deployment of an approved protocol for D
inpatient procedures and surgical operations for adults with Type 1 diabetes. This 

should aim to ensure the maintenance of near-normoglycaemia without risk of acute

decompensation, usually by the use of regular quality-assured blood glucose testing 

driving the adjustment of intravenous insulin delivery.

R164 Members of care teams managing adults with Type 1 diabetes in institutions, such as D
nursing homes, residential homes and prisons, should follow the recommendations 

in this section. 

Management during acute arterial events

R165 Optimal insulin therapy, which can be achieved by the use of intravenous insulin and D
glucose, should be provided to all adults with Type 1 diabetes with threatened or actual

myocardial infarction or stroke. Critical care and emergency departments should have a

protocol for such management.
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13.4 Associated illness

s Rationale

Type 1 diabetes is an auto-immune disease associated with genes which modulate the immune

response. Other auto-immune diseases are similarly associated, and manifestation of some of

them can be sub-clinical while interacting with aspects of food absorption or metabolism.

s Evidence statements

Latent pernicious anaemia

Using a microbiological method to measure cobalamin concentration, one study from

Australia309 found reduced cobalamin concentration in six out of 371 people with Type 1

diabetes. Four of the patients showed no clinical signs of pernicious anaemia, the fifth was

mildly anaemic and the sixth patient was not available for further testing. This medium-sized

study with methodological limitations gave a prevalence of latent pernicious anaemia of 11 per

1000 in people with Type 1 diabetes (III).

Prevalence of coeliac disease

Using immunoglobulin A (IgA) class anti-endomysial antibodies (EmAb) detected by

immunofluorescence (test) and histological confirmation of coeliac disease by small intestinal

biopsy partial or total villous atrophy, a medium-sized study310 showed in an unselected sample

at an outpatients clinic that the prevalence of coeliac disease in the sampled population was

6.4% and that EmA were highly predictive of the presence of coeliac disease on biopsy (DS). 

A larger study,311 but with potential methodological limitations, found that in a two-step

screening process of anti-gliadin antibodies (GA) detected by enzyme-linked immunosorbent

assay (ELISA) assay and IgA class EmAb detected by immunofluorescence, the predictive value

of GA was moderate, with a high false-positive rate for IgA-GA. Prevalence of coeliac disease in

Type 1 diabetes to be up to 2.6% and that after 30 years diabetes duration, the prevalence of

coeliac disease was >6%. The study also found that EmAb were highly predictive of the presence

of coeliac disease on biopsy (DS). 

The frequency of coeliac disease-specific serologic markers and the prevalence of coeliac disease

in families of patients with Type 1 diabetes were evaluated in a medium-sized study312 using a

two-step screening process. The screening programme included circulating islet cell antibodies

(ICA), anti-glutamic acid decarboxylase antibodies and GA, and then IgA class EmAb detected

by immunofluorescence. This study found the prevalence of biopsy-proven coeliac disease to be

1.3% among patients with Type 1 diabetes and zero among controls, or family. Of screening

assays, only EmAb were highly predictive of the presence of coeliac disease (DS). 

Another diagnostic study using IgA class EmAb313 compared people with Type 1 diabetes

with adults with coeliac disease as true positives (as determined by intestinal biopsy) and

controls (healthy and diseased) as true negatives (as determined by intestinal biopsy). The

prevalence of biopsy-proven coeliac disease among adults with Type 1 diabetes was 3.13%. This

study showed IgA class EmAb had high specificity in detecting coeliac disease in people with

Type 1 diabetes (DS).
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Red cell distribution width

Using red cell distribution width (RDW) as a screening test against EmAb and diagnostic duodenal

biopsy as reference tests for coeliac disease one very small, methodologically-limited study314

demonstrated the poor specificity of RDW in predicting coeliac disease in people with Type 1

diabetes. Given the potential methodological limitations, this evidence was not used to support

any recommendations in this area (DS).

s Health economic evidence

The health economic searches found no relevant papers for the treatment of those with Type 1

diabetes suffering from concurrent disease.

s Consideration

While auto-immune conditions are probably more common in people with Type 1 diabetes

than in the general population, the group did not feel that this should lead to any formal system

of surveillance for the development of such conditions. 

RECOMMENDATIONS 

R166 In adults with Type 1 diabetes of low body mass index or with unexplained weight loss, DS
markers of coeliac disease should be assessed.

R167 Healthcare professionals should be alert to the possibility of development of other D
auto-immune disease in adults with Type 1 diabetes (including Addison’s disease, 

pernicious anaemia and thyroid disorders).

13.5 Psychological problems 

s Rationale

The management demands of insulin therapy, the risks of late complications of diabetes, and

the problems of hypoglycaemia and social discrimination, can place significant emotional stress

on people with Type 1 diabetes. This might precipitate or exacerbate psychological difficulties

present for other reasons. Additionally, the stresses might in themselves be expected to interfere

with a person’s ability to self-manage their diabetes. 

s Evidence statements

Depressed mood and glycaemic control

A small cohort study examining depressed mood as a factor in glycaemic control in Type 1

diabetes315 found a strong positive correlation between mood and glycaemic control. As the

depression scores for this sample were mainly in the normal range, the results of this study

indicate that mood, rather than clinical depression per se, is associated with significant

differences in glycaemic control (IIa).
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A medium-sized cohort study316 examined depression and its effect on reporting diabetes

symptoms in Type 1 diabetes. The study found that seven of nine symptoms attributed to

diabetes (hyperglycaemic symptoms, hypoglycaemic symptoms and non-specific symptoms of

poor control) were associated with depression whereas only one of nine symptoms attributed

to diabetes was related to HbA1 (IIa).

A meta-analysis of cross-sectional studies317 examined whether depression is associated with

glycaemic control. A weak correlation was found between depression and glycaemic control.

However, the study has certain potential issues with the methodology used. No systematic

quality appraisal has been given for those studies included in the meta-analysis. Effect size

estimates may be unstable due to the small number of studies and the small sample sizes of

some studies (III).

Injection anxiety and glycaemic control

One medium-sized cohort study318 examined ‘fear of blood and injury’ and its association with

glycaemic control in Type 1 diabetes. The study shows that Type I diabetes adults with poorer

glycaemic control perform fewer blood glucose measurements per day. The relationship

between poor glycaemic control and fewer blood glucose measurements is mediated by fear of

blood and injury (IIa).

Another medium-sized cohort study319 examined injection anxiety in Type 1 and Type 2

diabetes. The study found a significant negative correlation between injection anxiety and the

number of insulin injections. However, no significant difference was found in the degree of

glycaemic control between diabetes patients with high vs low anxiety scores. The results of this

study are not analysed separately for people with Type 1 and Type 2 diabetes (III).

One meta-analysis320 examined whether or not anxiety is associated with poor glycaemic

control in adults with Type 1 and Type 2 diabetes. The studies that were limited to Type 1

diabetes found a weak correlation between anxiety and glycaemic control. However, the study

has some possible methodological limitations which may have introduced bias into analysis. No

systematic quality appraisal has been given for those studies included in the meta-analysis.

Effect size estimates may be unstable due to the small number of studies and the small sample

sizes of some studies (III).

Prevalence of depression in Type I diabetes

One recent meta-analysis of prevalence studies examining the prevalence of depression in

Type 1 diabetes321 found a significantly higher prevalence of depression in Type 1 diabetes

(21.7%) than in non-diabetes control subjects (8.6%). Potential methodological factors

inherent to the study may limit the validity of the results derived from the meta-analysis (III).

One retrospective cross-sectional case-control study322 examined the prevalence of

antidepressant use in Type 1 diabetes compared to age- and sex-matched controls. The study

found a significantly higher proportion of Type 1 diabetes patients (12.8%) had received a

prescription for antidepressants in the past twelve months compared to controls (7.4%). The

data for this study was derived from a localised computerised database of 28 GP practices so

caution needs to be taken when generalising these results to other geographical areas (III).

130

Type 1 diabetes in adults: national clinical guideline for diagnosis and management



Management of depression

A medium-sized prospective 12-month follow-up study in Type 1 diabetes323 evaluated

whether a blood glucose awareness training programme (BGAT-2) would improve mood. No

significant improvement in mood was detected in baseline scores at six and 12 months. This is

attributed to baseline scores being within the normal limits. When subjects who feel within the

range of mild depression were examined separately, these individuals did demonstrate a

significant reduction in baseline scores at six and 12 months (IIb). 

A small randomised controlled trial324 evaluated the efficacy of nortriptyline for depression

and poor glycaemic control in a mixed (Type 1 and Type 2) diabetes population with poor

glycaemic control. The study found that the nortriptyline group were significantly less

depressed after eight weeks than the placebo-treated patients. Of the nortriptyline-treated

patients, 57% successfully remitted compared to 35.7% of the placebo-treated patients. No

significant difference in response rate was found between Type 1 and Type 2 diabetes. Further-

more, in the sample as a whole (Type 1 and Type 2) there was a non-significant trend towards

worsened glycaemic control, both in patients who received nortriptyline and those who

received placebo (Ib).

A small randomised controlled trial325 evaluated the antidepressant efficacy of fluoxetine in

diabetic patients (mixed population type sample) with major depressive disorder. At the

conclusion of the eight-week treatment period, a significant reduction in symptoms of

depression was found in the fluoxetine-treated group compared to the placebo group. However,

no significant difference in the improvement of glycaemic control was found between patients

who received fluoxetine and those who received placebo (Ib).

A small random two-group parallel comparison with a pre-test and nine and 15 months follow-

up study326 compared the effects of a standard intensive treatment, patient education and

distress reduction programme, with a standard treatment and patient education. Outcomes

examined were psychological variables and metabolic control. At nine months follow-up,

depression improved significantly in the intensive treatment group compared to the standard

treatment group. No significant difference was found in metabolic control between the two

groups. At 15 months follow-up, improvement in depression faded and metabolic control was

worsened (Ib).

Management of anxiety in Type 1 diabetes

A small double-blind randomised controlled trial in a mixed (Type 1 and Type 2) diabetes

population327 examined the effects of alprazolam on glucose regulation in anxious and non-

anxious patients with poor glycaemic control. Patients treated with alprazolam had a

significantly greater reduction in GHb levels than those receiving placebo, regardless of anxiety.

Both alprazolam and placebo similarly improved anxiety among anxious patients. Results were

not analysed separately for Type 1 and Type 2 diabetes (Ib).

s Consideration

It was felt that, whether or not depression and other psychological illness was more common in

people with Type 1 diabetes, the literature being inconclusive, the interaction with self-
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management demanded professional alertness to such problems. A degree of competence in

managing these problems at least matching that of an experienced general practitioner is clearly

desirable. 

RECOMMENDATIONS

R168 Members of professional teams providing care or advice to adults with Type 1 diabetes B
should be alert to the development or presence of clinical or sub-clinical depression 

and/or anxiety, in particular where someone reports or appears to be having difficulties 

with self-management.

R169 Diabetes professionals should ensure they have appropriate skills in the detection and D
basic management of non-severe psychological disorders in people from different 

cultural backgrounds. They should be familiar with appropriate counselling techniques 

and appropriate drug therapy, while arranging prompt referral to specialists of those 

people in whom psychological difficulties continue to interfere significantly with 

well-being or diabetes self-management. 

R170 Special management techniques or treatment for non-severe psychological illness D
should not commonly be used, except where diabetes-related arterial complications 

give rise to special precautions over drug therapy. 

13.6 Eating disorders 

s Rationale

Due to the inadequacies of subcutaneous insulin therapy, dietary self-management is an

inevitable consequence of the optimal self-care of Type 1 diabetes. Eating disorders are not

uncommon in the general population, while Type 1 diabetes is most commonly diagnosed at

an age (12–20) when consciousness of own body image is high. Accordingly, eating disorders

are seen in people with Type 1 diabetes, and will interfere with self-management. 

A review of the management of eating disorders is outside the scope of this guideline. A

systematic search of the literature was, however, undertaken to review the types and relevant

prevalence of eating disorders, and whether any specific issues of management had been

identified in the Type 1 diabetes population. 

s Evidence statements

Many papers on eating disorders in diabetes include people with Type 2 diabetes. Extrapolation

to Type 1 diabetes from such populations is not safe. Assessment of eating disorders can be by

interview (specific, low prevalence) or questionnaire (non-specific, high prevalence), and may

or may not include manipulation of insulin dosage (dose omission or reduction). Accordingly

published prevalence and odds ratio vs matched populations vary. Furthermore there may be

cultural variations depending on attitudes to obesity and peer pressure. People with diabetes

often are in continued contact with professional care teams, and the input of those teams might

be expected to have influence on behavioural disorders (IV). 
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A follow-up study using interview methods in a clinic population328 found no eating disorders

at all. Nevertheless a proportion of young people did use insulin dose manipulation to control

weight, and appeared to have worse outcomes (markers of late complications of diabetes) as a

result (III). 

A group in Toronto published a series of papers over the last decade, including a non-systematic

review.329–30 They note the odds ratio for eating disorders in young people compared to non-

diabetic controls is around 2.0, with an excess prevalence of 2%–5%. The principal disorders

described are bulimia nervosa and insulin dose manipulation, the conditions tend to be chronic

even under care, and diabetes outcomes relatively poor compared to peers (III). 

A review,331 described as a meta-analysis of prevalence studies, concurred with these figures for

bulimia and dose manipulation, and could not find evidence of increased prevalence of

anorexia nervosa (III). 

One small randomised controlled trial of a group psycho-education programme to improve

sub-clinical disordered eating in women with Type 1 diabetes332 found no significant

differences between the intervention and control (standard care) in outcomes of metabolic

control with both groups showing improvements from baseline. There was also no significant

difference in concordance with diabetes treatment or eating disorder symptomology at six

weeks (Ib).

A position statement of the American Dietetic Association and the Dietitians of Canada333

found evidence that the prevalence of eating disorders among young adult women with Type 1

diabetes to be about 5% to 11%. It is suggested that dietetic professionals have a vital role in the

management of diabetes as they have an understanding of the health issues that affect women

with diabetes (IV).

s Consideration

The group felt that the evidence on the whole suggested that eating disorders were more

prevalent in people with Type 1 diabetes, and particularly in young adults. Insulin dose

manipulation of calorie loss accounted for much of this, and perhaps the long-term follow-up

study’s results were influenced by the benefits of the good long-term support offered.

Experience of eating disorders in clinical practice was that in the context of insulin therapy they

can have serious short- and long-term impacts, sometimes fatal. 

RECOMMENDATIONS 

R171 Members of multidisciplinary professional teams should be alert to the possibility of C
bulimia nervosa, anorexia nervosa and insulin dose manipulation in adults with Type 1

diabetes with: 

● over-concern with body shape and weight

● low body mass index

● poor overall blood glucose control.

R172 The risk of morbidity from the complications of poor metabolic control suggests that D
consideration should be given to early (and occasionally urgent) referral of adults with 

Type 1 diabetes to local eating disorder services. 
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R173 Provision for high-quality professional team support at regular intervals with regard to D
counselling about lifestyle issues and particularly nutritional behaviour should be 

made for all adults with Type 1 diabetes from the time of diagnosis (see section 6.1,

‘Education programmes for adults with Type 1 diabetes’ and 6.3, ‘Dietary management’).

134

Type 1 diabetes in adults: national clinical guideline for diagnosis and management



14 Areas for future research

Priority areas

❑ Comparative studies of education models from the time of diagnosis of Type 1 diabetes.

❑ Use of well-being and treatment satisfaction assessment tools to enhance the patient-

professional interface and make care more directed to the agenda of adults with Type 1

diabetes, while improving biomedical outcomes.

❑ A study of multiple interventions to reduce arterial and microvascular risk in adults with

Type 1 diabetes identified as being at high risk of development or progression of the late

complications. 

❑ Long-term assessment of recall systems allowing longer intervals between

complication/risk factor detection visits according to assessed risk.

❑ Trials of regimens and duration of traditional antibiotic therapies in adults with

neuropathic foot ulceration.

❑ Studies of the effectiveness of quality assurance systems in the surveillance of late

complications.

Other areas

❑ Cognitive behavioural therapy for adults with very poor glucose control without obvious

organic cause.

❑ Development of assessment interviews and questionnaires designed for eating disorders

in adults with Type 1 diabetes.

❑ Epidemiological studies of trends in the incidence of late complications in defined

populations of adults with Type 1 diabetes.

❑ Role of lipid-lowering drugs in the prevention of arterial disease in adults with Type 1

diabetes, and studies of markers of higher risk.

❑ Models of care for the primary prevention of foot ulceration in adults with Type 1

diabetes.

❑ Studies of the economics of the combined and fragmented annual review system.

❑ Studies of skill substitution for the initial assessment of diabetes eye photographs in

diabetes eye screening.

❑ Studies of different methods of day-to-day and meal-to-meal adjustment of insulin doses

using defined insulin regimens and appropriate educational packages.

❑ Trials of combined renin-angiotensin system blockers in progressive diabetic nephropathy

❑ Studies of the optimal use of the new rapid-acting and extended-acting insulins.

❑ Approaches to the management of hypoglycaemia unawareness using the new insulins.

❑ Assessment of the economic burden of Type 1 diabetes in defined populations.

❑ Assessment of the reliability and patient acceptability of self-monitoring of blood glucose

in the context of specific regimens.

❑ Comparative studies of alternate site and traditional site self-glucose monitoring

including patient satisfaction measures.
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❑ Studies of the role of continuous glucose monitoring systems.

❑ Means of surveillance for, and treatment of, sexual dysfunction in women with Type 1

diabetes.

❑ Trials of different insulin regimens for people with poor glycaemic control despite

apparently optimal education and self-care.

❑ Robust studies of the efficacy of the oral glucose-lowering agents, metformin and insulin

sensitisers.

❑ Development of a useful arterial risk equation specifically for adults with Type 1 diabetes.
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APPENDICES



Appendix A: Clinical questions and 
search strategies

Reference made to the Cochrane Library in the table below is inclusive of the following;

Cochrane Systematic Reviews database, CENTRAL and DARE. The Cochrane Systematic

Reviews database contains items that are constantly updated. CENTRAL contains items

resulting from searches performed in the process of creating Cochrane Sytemtematic Reviews

and goes back as far as the Cochrane searches to date. The DARE database was set up by the

NHS Centre for Reviews and Dissemination in 1994. It does, however, include records that have

an earlier publication date. For example, it contains a set of records from a systematic reviews

database maintained by the UK Cochrane Centre prior to 1995. This set of records is no longer

updated and has not been assessed by the NHS’s Centre for Reviews and Dissemination.
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Question Population Study type Database and year

1 Introduction

Q1 What is the working clinical definition for Type 1 Expert review
diabetes?

Q2 What is the current burden and trend in burden of Expert review
Type 1 diabetes in England and Wales?

4 Diagnosis

Q3 What symptoms are suggestive of a diagnosis of Expert review
Type 1 diabetes?

Q4 Which diagnostic tests can confirm diagnosis in a Expert review
person with suspected Type 1 diabetes?

5 Care structure and delivery

Q5 What is the evidence on optimal structures of care, Adults T1DM All studies Cochrane Library 1980–2003
which enable healthcare professionals to give Medline 1980–2003
assistance, education and advice to adults with Embase 1980–2003
Type 1 diabetes? CINAHL 1982–2003

Q6 What support groups help adults with Type 1 Expert review
diabetes and their families to cope with diabetes?

6 Patient education and self-care

Q7 What are the optimal methods of delivering Adults T1DM Systematic reviews Cochrane Library 1980–2003
education to adults with Type 1 diabetes?

RCTs, cohorts Medline 1980–2003
Embase 1980–2003
CINAHL 1982–2003
PsychINFO 1980–2003

Table A1 Clinical questions and search strategies

continued
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6 Patient education and self-care – continued

Q8 In adults with Type 1 diabetes, what are the Adults T1DM Systematic reviews Cochrane Library 1980–2003
optimal methods to improve concordance with 
self-management? RCTs, cohorts Medline 1980–2003

Embase 1980–2003
CINAHL 1982–2003
PsychINFO 1980–2003

Q9 What is the optimum form of self-monitoring of Adults T1DM Systematic reviews Cochrane Library 1977–2003
glucose control in adults with Type 1 diabetes?

RCTs, cohorts Medline 1977–2003
Q10 What is the optimum regimen of self-monitoring Embase 1980–2003
of glucose control in adults with stable Type 1 diabetes? CINAHL 1982–2003

Q11 What dietary advice should be given to adults Adults T1DM Systematic reviews Cochrane Library 1980–2003
with Type 1 diabetes to maintain optimal metabolic 
control? RCTs, cohorts Medline 1980–2003

Embase 1980–2003
CINAHL 1982–2003

Q12 & Q13 Questions removed.

Q14 What advice about exercise participation should Adults T1DM Systematic reviews Cochrane Library 1985–2003
be given to adults with Type 1 diabetes to maintain 
optimal blood glucose control? RCTs, cohorts Medline 1985–2003

Embase 1985–2003
CINAHL 1985-2003

Q15 Question removed.

Q20 What recommendations can be made for the Expert review
special needs of members of minority ethnic 
communities with diabetes? 

Q21 What precautions and lifestyle changes do adults Expert review
living with Type 1 diabetes need to make to maintain 
metabolic control?

7 Blood glucose control and insulin therapy

Q22 What is an acceptable level of blood glucose Expert review
control in adults with Type 1 diabetes for the avoidance 
of complications?

Q23 What are the optimal methods of managing Adults T1DM Systematic reviews Cochrane Library 1980–2003
glucose control in inpatients with stable Type 1 diabetes?

RCTs, cohorts Medline 1980–2003
Embase 1980–2003
CINAHL 1982–2003

Q25 What is the optimum method of clinically monitoring Adults T1DM Systematic reviews Cochrane Library 1977–2003
blood glucose control?

RCTs, cohorts Medline 1977–2003
Q26 What is the optimum frequency of clinically Embase 1980–2003
monitoring blood glucose control? CINAHL 1982–2003

Q68 In newly-diagnosed adults with Type 1 diabetes Adults T1DM Systematic reviews Cochrane Library 1980–2003
(excluding those still requiring hospital inpatient 
treatment) what initial insulin regimens aid glycaemic RCTs Medline 1980–2003
control? Embase 1980–2003

CINAHL 1982–2003

Table A1 Clinical questions and search strategies – continued

continued
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7 Blood glucose control and insulin therapy – continued

Q27 What types of insulin regimen aid optimal diabetic 
control in adults with stable Type 1 diabetes?

Q29 In adults with Type 1 diabetes and poorly-
controlled blood glucose what insulin regimens can 
improve diabetic control?

Q28 What specific advice can be given to adults with Adults T1DM Systematic reviews Cochrane Library 1980–2003
Type 1 diabetes for the management and prevention of 
hypoglycaemia? RCTs, cohorts Medline 1980–2003

Embase 1980–2003
CINAHL 1982-2003

Q30 What method of insulin delivery aids optimal Adults T1DM Systematic reviews Cochrane Library 1980–2003
diabetic control in adults with stable Type 1 diabetes?

RCTs Medline 1980–2003
Q31 In adults with Type 1 diabetes and poorly- Embase 1980–2003
controlled blood glucose what methods of insulin CINAHL 1982–2003
delivery can improve diabetic control?

Q32 Are there sub-groups of adults with Type 1 diabetes Expert review
who need a different insulin delivery method to aid 
optimal diabetic control?

Q33 Can combination therapy (oral glucose lowering Adults T1DM Systematic reviews Cochrane Library 1980–2003
drugs and insulin) improve blood glucose control 
compared to insulin therapy alone in adults with RCTs Medline 1980–2003
Type 1 diabetes? Embase 1980–2003

Q34 Question removed.

Q71 What is the most appropriate medical intervention Adults T1DM Systematic reviews Cochrane Library
for adults with Type 1 diabetes with severe 
hypoglycaemia? RCTs, cohorts Medline 1966–2003

Embase 1980–2003

8 Arterial risk control

Q35 What is an acceptable level of blood pressure Expert review
control in adults with Type 1 diabetes?

Q36 In adults with Type 1 diabetes and hypertension, Adults T1DM Systematic reviews Cochrane Library 1980–2003
what is optimum intervention to lower blood pressure?

RCTs Medline 1980–2003 
Embase 1980–2003

Q37 What is the optimum method of surveillance for Adults T1DM, Systematic reviews Cochrane Library 1990–2003
arterial risk factors in adults with Type 1 diabetes? non-diabetes

systematic RCTs, cohorts Medline 1990–2003
Q38 What are the screening tests for arterial risk factors reviews Embase 1990–2003
in adults with Type 1 diabetes?

Q39 What is an acceptable level of lipid control in adults Expert review
with Type 1 diabetes?

Q40 In adults with Type 1 diabetes, what is the Adults T1DM All study types Cochrane Library 1990–2003
optimum method for predicting cardiovascular disease Medline 1990–2003
risk? Embase 1990–2003

Table A1 Clinical questions and search strategies – continued

continued
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Question Population Study type Database and year

8 Arterial risk control – continued

Q41 What is the optimum method of management of Adults T1DM Systematic reviews Cochrane Library 1990–2003
abnormalities in lipid control in adults with Type 1 
diabetes? RCTs Medline 1990–2003 

Embase 1990-2003

Q42 What is the evidence for the use of antiplatelet Adults T1DM Systematic reviews Cochrane Library 1990–2003
agents in the prevention of arterial disease in adults 
with Type 1 diabetes? RCTs Medline 1990–2003 

Embase 1990–2003

Q43 In adults with Type 1 diabetes, what is the Adults T1DM Systematic reviews Cochrane Library 1990–2003
management of cardiovascular disease?

RCTs Medline 1990–2003 
Embase 1990–2003

9 Management of complications: diabetic eye disease

Q44 What is the optimum method for surveillance for Adults T1DM Systematic reviews Cochrane Library 1985–2003
diabetic eye damage in adults with Type 1 diabetes?

RCTs, cohorts Medline 1985–2003
Q45 What screening tests should be used for diabetic Embase 1985–2003
eye damage in adults with Type 1 diabetes? CINAHL 1985–2003

Q46 What non-laser, non-surgical means can be used Adults T1DM Systematic reviews Cochrane Library 1985–2003
to prevent the development of diabetic eye disease?

RCTs Medline 1985–2003
Q47 What non-laser, non-surgical means can be used Embase 1985–2003
to slow the progression of diabetic eye disease?

Q48 When should an adult with Type 1 diabetes and Adults T1DM Systematic reviews Cochrane Library
diabetic eye damage be referred to an ophthalmologist?

RCTs, cohorts Medline 1966–2003
Embase 1980–2003
CINAHL 1982–2003

10 Management of complications: diabetic kidney disease

Q49 In adults with Type 1 diabetes what is the Adults T1DM Systematic reviews Cochrane Library 1980–2003
optimum method of surveillance for the detection of 
emerging diabetic kidney disease? RCTs, cohorts Medline 1980–2003

Embase 1980–2003
Q50 In adults with Type 1 diabetes what are the CINAHL 1982–2003
screening tests for emerging diabetic kidney disease?

Q51 What is the appropriate management of early Adults T1DM Systematic reviews Cochrane Library 1980–2003
diabetic kidney disease in adults with Type 1 diabetes?

RCTs Medline 1980–2003 
Embase 1980–2003

Q52 When should adults with early symptoms of Adults T1DM Systematic reviews Cochrane Library 1980–2003
diabetic kidney disease be referred to a renal specialist?

RCTs, cohorts Medline 1980–2003
Embase 1980–2003
CINAHL 1982–2003

continued
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Table A1 Clinical questions and search strategies – continued

Question Population Study type Database and year

11 Management of complications: diabetes foot problems

Q53 In adults with Type 1 diabetes, what are the Adults T1DM Systematic reviews Cochrane Library
optimum methods for surveillance for diabetic foot 
problems? RCTs, cohorts Medline 1966–2003

Embase 1980–2003
Q54 In adults with Type 1 diabetes, what are the CINAHL 1982–2003
optimum screening tests for diabetic foot problems?

Q55 What are the optimum methods of managing Adults T1DM Systematic reviews Cochrane Library
diabetic foot problems in adults with Type 1 diabetes?

RCTs Medline 1966–2003
Q56 In adults with Type 1 diabetes, what is the Embase 1980–2003
optimum treatment of foot ulceration and related CINAHL 1982–2003
infection? (no results before 1994)

12 Management of complications: diabetes nerve damage

Q57 In adults with Type 1 diabetes, what is the Adults T1DM Systematic reviews Cochrane Library 1980–2003
optimum management of painful neuropathy?

RCTs Medline 1980–2003 
Embase 1980–2003

Q58 In adults with Type 1 diabetes, what are the Adults T1DM Systematic reviews Cochrane Library 1980–2003
symptoms suggestive of a diagnosis of autonomic 
neuropathy? RCTs, cohorts Medline 1980–2003

Embase 1980–2003

Q59 What is the optimum method of managing Adults T1DM Systematic reviews Cochrane Library 1980–2003
autonomic neuropathy in adults with Type 1 diabetes?

RCTs Medline 1980–2003 
Embase 1980–2003

Q60 In adults with Type 1 diabetes, what are the Adults T1DM Systematic reviews Cochrane Library 1980–2003
symptoms suggestive of a diagnosis of gastroparesis?

RCTs, cohorts Medline 1980–2003
Embase 1980-2003

Q61 What is the optimum method for surveillance for Adults T1DM Systematic reviews Cochrane Library 1980–2003
sexual dysfunction in adults with Type 1 diabetes?

RCTs Medline 1966–2003
Q62 What are the optimum methods of management Embase 1980–2003
for sexual dysfunction in adults with Type 1 diabetes?

Q63 & 64 Questions removed.

13 Management of special situations

Q16 How are adults with Type 1 diabetes affected by Adults T1DM Systematic reviews Cochrane Library 1980–2003
anxiety and depression?

RCTs, cohorts Medline 1980–2003
Q17 How best is such anxiety and depression Embase 1980–2003
diagnosed and managed in adults with Type 1 diabetes? CINAHL 1982–2003

PsychINFO 1980–2003

Q18 What is the best means of detecting eating Expert review
disorders in adults with Type 1 diabetes?

continued
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Table A1 Clinical questions and search strategies – continued

Question Population Study type Database and year

13 Management of special situations – continued

Q19 What is the appropriate management of eating Adults T1DM Systematic reviews Cochrane Library 1980–2003
disorders in adults with Type 1 diabetes?

RCTs, cohorts Medline 1980–2003
Embase 1980–2003
CINAHL 1982–2003
PsychINFO 1980–2003

Q24 What is the optimum management of blood Adults T1DM Systematic reviews Cochrane Library 1980–2003
glucose and metabolic control in adults with Type 1 
diabetes suffering myocardial infarction and RCTs, cohorts Medline 1980–2003
cardiovascular accident? Embase 1980–2003

CINAHL 1982–2003

Q65 What is the recommended initial assessment plan Adults T1DM Guidelines WWW 1985
for newly-diagnosed adults with stable Type 1 diabetes?

Q66 What is the recommended initial content of Adults T1DM Systematic reviews Cochrane Library 1980–2003
education to promote understanding of Type 1 diabetes 
and improve self-management in newly-diagnosed RCTs, cohorts Medline 1980–2003
adults with stable Type 1 diabetes? Embase 1980–2003

CINAHL 1982–2003
Q67 What is the recommended delivery of education 
to promote understanding of Type 1 diabetes and 
improve initial self-management of newly-diagnosed 
adults with stable Type 1 diabetes?

Q69 Question removed.

Q70 What guidance can be given for optimal insulin Adults T1DM Systematic reviews Cochrane Library 1980–2003
delivery during severe concurrent illness?

RCTs, cohorts Medline 1980–2003
Embase 1980–2003
CINAHL 1982–2003

Q72 In people with diabetic ketoacidosis what Adults T1DM Systematic reviews Cochrane Library 1970–2003
emergency care can reduce morbidity and mortality?

RCTs, cohorts Medline 1970–2003
Embase 1980–2003
CINAHL 1982–2003

Q73 What is the most appropriate surveillance and Adults T1DM All studies Cochrane Library
screening for concurrent autoimmune diseases in adults Medline 1966–2003
with Type 1 diabetes? Embase 1980–2003

CINAHL 1982–2003

Q74 What are the optimal insulin regimes during Adults T1DM Systematic reviews Cochrane Library 1980–2003
surgical procedures?

RCTs Medline 1980–2003 
Embase 1980–2003
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Appendix B: Unlicensed medicines

The following medicines in this guideline are not licensed for the management of Type 1

diabetes (or its common complications, signs or symptoms) in the UK at the time of issue:

● aspirin is licensed for primary and secondary prevention of arterial disease, but not

specifically for arterial risk associated with Type 1 diabetes

● carbamazepine is licensed for trigeminal neuralgia but not for painful neuropathy

associated with Type 1 diabetes

● cisapride is not licensed in the UK and any prescription will have to be made in

consultation with the pharmacist

● intravenous insulin and/or glucose/potassium is licensed for ‘urgent treatment’, not

explicitly for Type 1 diabetes management following stroke or myocardial infarction

● phenytoin is licensed for neuropathic pain under specialist supervision

● phosphate replacement is not licensed for diabetic ketoacidosis

● tricyclic and related antidepressants (amitriptyline, amoxapine, clomipramine, dosulepin

(dothiepin), doxepin, imipramine, lofepramine, maprotiline, mianserin, nortriptyline,

trazodone and trimipramine) are not licensed for painful neuropathy associated with

Type 1 diabetes.



Appendix C: The scope of the guideline

Guideline title

Type 1 diabetes: diagnosis and management of type 1 diabetes in primary and secondary care*

Short title

Type 1 diabetes

Background

❑ The National Institute for Clinical Excellence (‘NICE’ or ‘the Institute’) has

commissioned the National Collaborating Centre for Women and Children’s Health to

develop a clinical guideline on type 1 diabetes for babies, children and adolescents, and

the National Collaborating Centre for Chronic Conditions to develop a clinical guideline

on type 1 diabetes for adults and older people for use in the NHS in England and Wales.

This follows referral of the topic by the Department of Health and Welsh Assembly

Government (see below). The guideline will provide recommendations for good practice

that are based on the best available evidence of clinical and cost-effectiveness.

❑ The Institute’s clinical guidelines will support the implementation of national service

frameworks (NSFs) in those aspects of care where a framework has been published. The

statements in each NSF reflect the evidence that was used at the time the framework was

prepared. The clinical guidelines and technology appraisals published by the Institute

after an NSF has been issued will have the effect of updating the framework. 

Clinical need for the guideline

❑ Type 1 diabetes is a continuing hormonal deficiency disorder that has significant impact

on lifestyle in the short term, and is associated with major long-term complications and

reduced life expectancy. People with type 1 diabetes require insulin replacement therapy.

❑ Diabetes is estimated to affect 2% of the general population. There are over 1 million

people with diagnosed diabetes in England and Wales (and perhaps a similar number

with undiagnosed diabetes). Type 1 diabetes accounts for about 15%–20% of cases. 

❑ Good blood glucose and blood pressure control are known to prevent or delay the long-

term complications of diabetes.

❑ Systems of surveillance for the early detection of complications are important as is

effective management of late complications when they occur. 
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publication.
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The guideline

❑ The guideline development process is described in detail in three booklets that are

available from the NICE website (see ‘Further information’). The guideline development

process: information for stakeholders describes how organisations can become involved in

the development of a guideline.

❑ This document is the scope. It defines exactly what this guideline will (and will not)

examine, and what the guideline developers will consider. The scope is based on the

referral from the Department of Health and Welsh Assembly Government (see below).

❑ The guideline will take into account the results of the related technology appraisals being

carried out by the Institute, which include insulin pump therapy (due for publication

April 2003) and patient education models for diabetes (due for publication March 2003).

❑ The areas that will be addressed by the guideline are described in the following sections.

Population 

s Groups that will be covered

❑ The guideline will address the diagnosis and management of babies, children, adolescents,

adults and older people with type 1 diabetes.

s Groups that will not be covered

❑ The guideline will not address the specific management of women with diabetes who

wish to conceive or who are pregnant. 

❑ The guideline will not address the management of women who develop diabetes during

pregnancy because consideration will be given to developing a separate guideline on

diabetes in pregnancy (covering type 1 diabetes, type 2 diabetes and gestational diabetes).

s Healthcare setting

❑ The guideline will cover the care received from primary and secondary healthcare

professionals who have direct contact with and make decisions concerning the care of

people with type 1 diabetes.

❑ The guideline will address the interface between community and specialist care including

the circumstances in which people should be referred or admitted to specialist care.

❑ The guideline will pay particular attention to the interface between paediatric and adult

services. 

❑ The guideline will address the support/advice that the NHS should offer to crèches,

nurseries, schools and other institutions.

❑ The guideline will also be relevant to the work but will not cover the practice of: 

● social services and the voluntary sector 

● services supplied by secondary and tertiary specialties for late complications of

diabetes (for example, renal, cardiology, urology, ophthalmology services) to whom

patients have been referred

● the education sector (eg schools and universities).



Clinical management

The guideline will cover the following aspects of management.

❑ Diagnosis, including detection before deterioration to an emergency state, assessment of

the degree of acute severity, and assurance of the type of diabetes. Screening for high-risk

groups will not be included.

❑ Diagnostic and monitoring techniques, including:

● glycated haemoglobin

● self-monitoring

● testing for ketones 

● lipids

● blood pressure

● systems of continuous glucose monitoring.

❑ Pharmacological treatments, including: 

● the different types and species of natural and synthetic insulins, and their

combination in different insulin regimens

● means of insulin delivery, taking into account the needs of special groups

● acarbose.

Advice on treatment options will be based on the best evidence available to the

development group. When referring to pharmacological treatments, the guideline will

normally make recommendations within the licensed indications. Exceptionally, and only

where the evidence supports it, the guideline may recommend use outside the licensed

indications. The guideline will assume that prescribers will use the Summary of Product

Characteristics to inform their prescribing decisions for individual patients.

❑ Non-pharmacological management, including: 

● dietary interventions and management

● patient education techniques (taking account of the Institute’s technology appraisal)

● carer education techniques

● special needs of adolescents

● other lifestyle management including physical activity, smoking cessation and diet.

❑ Psychosocial factors with consideration to the support needed by patients, parents and

carers:

● at the time of diagnosis with type 1 diabetes

● in relation to maximising people’s ability to achieve good glycaemic control

● for the prevention of complications, via improved control

● in relation to adjustment to complications that occur

● in relation to the identification and treatment of psychiatric disorders (particularly

depressive disorders) that are known to have an impact on control and, therefore,

outcome 

● in people identified as having particularly severe difficulties with living with their

diabetes, whether in primary or secondary healthcare settings.

❑ Management of special situations, including the management of:

● hypoglycaemia and hypoglycaemic coma

● diabetic ketoacidosis 

● intercurrent illnesses including the avoidance of severe hyperglycaemia
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● those people on non-diabetes hospital wards

● those undergoing procedures including peri-operative care

● those in institutional care.

❑ The guideline will address surveillance for developing complications, interventions to

prevent complications and the early and ongoing management of complications for the

following conditions taking into account the Institute’s guideline on type 2 diabetes.

These will include:

● active surveillance of children with diabetes for associated conditions, especially

coeliac disease and hypothyroidism 

● retinopathy

● foot risk factors including peripheral vascular disease and neuropathy

● developing nephropathy

● cardiovascular risk factors and ischaemic heart disease

● impotence and erectile dysfunction

● dental problems 

● neuropathies.

❑ Methods to optimise blood glucose control and blood pressure control and quality of life. 

❑ Guidance to ensure that patients and carers have the information they need and the

opportunities to discuss with their clinicians the advantages and disadvantages of

treatment so that they can make informed choices about their treatment. This will

include specific information about diabetes and the role of self-help groups where

evidence exists.

Audit support within guideline

The guideline will incorporate review criteria and audit advice. 

The audit should complement other existing and proposed work of relevance, including the

Diabetes Information Strategy to be linked to the Diabetes National Service Framework, the

National Clinical Audit Database and the Institute’s guidelines on type 2 diabetes.

Status

s Scope

This is the final version of the scope. 

s Guideline

The development of the guideline recommendations will begin in Spring 2002. 



Further information

Information on the guideline development process is provided in:

● The guideline development process: information for the public and the NHS

● The guideline development process: information for stakeholders

● The guideline development process: information for National Collaborating Centres and

Guideline Development Groups

These booklets are available as PDF files from the NICE website (www.nice.org.uk).

Information on the progress of the guideline will also be available from the website.

Referral from the Department of Health and Welsh Assembly
Government

The Department of Health and Welsh Assembly Government asked the Institute to address the

following topics in the guideline:

● initial management at diagnosis including admission criteria and initial insulin

regimes 

● ongoing monitoring of glycaemic control, including the role of home glucose

monitoring and the frequency of HbA1c measurement

● prevention and management of ketoacidosis, including the management of

intercurrent illness 

● management of hypoglycaemia and hypoglycaemic coma 

● peri-operative management of patients with type 1 diabetes 

● management of type 1 diabetes during pregnancy 

● surveillance for complications.

As with other topics, we would like this guideline to have an associated audit methodology

which will help to change practice and improve care for patients:

● the number of people with type 1 diabetes who have experienced one (or more)

episodes of ketoacidosis in the last year 

● the proportion of people with type 1 diabetes whose HbA1c levels have been stabilised

at less that 7% one year after diagnosis.
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Appendix D: Evidence tables

These are available at www.rcplondon.ac.uk/pubs/books/dia/index.asp

The evidence tables provide full details of the studies identified and critically appraised as part

of the formal systematic review. They are organised according to guideline section, clinical

question and study design.
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5 Care process and technologies 

 
5.2 Optimal health-care structures and technologies. 
 

 
  

Q 23 What are the optimal methods of managing glucose control in in-patients with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Davies M, Dixon S, Currie CJ, Davis RE, Peters JR 2001 Evaluation of a hospital diabetes specialist nursing service: a 
randomised controlled trial. Diabetic Medicine 18:301–307 

N= 300 gave informed consent (intervention group=148, control group=152) 
UK 

Research Design Randomised controlled trial 
Aim To study the efficacy of nursing services to improve glucose control 
Population Mixed diabetes population. Exclusions: patients unable to complete self reported questionnaires were excluded from 

secondary outcome assessments, but were entered into the study and primary outcome data recorded 
Intervention Diabetes specialist nursing service  
Comparison standard care 

Outcome Primary measures: Length of stay in hospital, readmission rates (within 12 months), time in days to first readmission.   
Secondary measures: community resource use post-discharge, patient satisfaction, diabetes knowledge and disease-specific 
QOL 

Characteristics Patient characteristics generally similar in both groups, although slightly more IDDM patients in the intervention groups 
Results  Length of stay 

Intervention group: median=8.0 days c.f. 11.0 days in controls (p less than0.01) 
No differences were seen in readmission frequency or time to readmission (p=1.0 and 0.8 respectively) 
Both intervention group and those refusing randomisation had a mean LOS of 10.8 
Patient satisfaction 
Patients in the intervention recorded significantly higher scores for patient satisfaction compared to the controls:  
91% were judged as satisfied in the control groups, compared to 59% in the control group (overall p less than0.001) 
Diabetes knowledge 
Diabetes knowledge scores were comparable between the two groups at the start of the study, however, this score improved 
post-admission in the intervention group. 
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Intervention group knowledge score: baseline=52%, post study=74% (p less than0.001) 
Control group knowledge score: baseline=44%, post study=48% (p greater than0.05) 
Comparison of intervention and control group: baseline p greater than0.05, post study: p less than0.05 
Quality of life 
ADDQOL showed no differences in quality of life between or within groups at base-line or post-discharge (P greater than0.05 
for all comparisons) 
Intervention group QOL: baseline=0.65, post study=0.88% (p greater than0.05) 
Control group QOL: baseline=0.88%, post study=0.40 (p greater than0.05) 
Other outcomes 
Referral rates to the community DSN service were 38.2% and 28.4% in the control and intervention groups respectively 
(p=0.09) 
Statistically significant lower number of GP contacts were made in the intervention group. 

Hierarchy of Evidence Grading Ib 

Comments Sequential, unselected referrals of in-patients to the DSN service (either IDDM or NIDDM) randomised prior to clinical 
review. 
All patients visited by an independent investigator following randomisation but before any intervention. 
Standard Care: any management carried out by health care professionals (medical, general nursing, dietetic) other than the in-
patient DSN. 
Intervention group received care and advice from DSN in addition to standard care, including individual structured patient 
education appropriate to need, and practical management advice including verbal and written case-note feedback to ward-
based medical and nursing staff. Input began on the day of referral and randomisation and continued until discharge. 
Admission and discharge dates taken manually for each patient and verified by the Patient Management System (PMS) 
Patient dependency assessed on admission and discharge by a research nurse using a four-point scale 
Quality of life measured with the Audit of Diabetes Dependent Quality of Life instrument; diabetes knowledge the Diabetes 
Knowledge Scale (modified to provide a version for insulin users and non-users) and patient satisfaction was measured using 
a modified version of the Diabetes Clinic Satisfaction Questionnaire (DCSQ) 
To assess DNS impact on post-discharge events, data on subsequent out-patient attendances, contacts with 1º and social care, 
and time away from normal activities were recorded at 1 month post-discharge using a postal questionnaire. 
Four DSNs were rotated into the single hospital post during the study to reduce possible ‘character bias’ 
Validation of four-point dependency scale not discussed 
Quality of life, diabetes knowledge and patient satisfaction all measured using validated scales. 
Power analysis based on previous studies of specialist diabetes care reporting LOS reductions of between 1.3 and 4.6 days 
(SD:1.7–9.1). Assuming a 2 day reduction in LOS with a SD of 6 days was clinically meaningful, estimated required sample 
size=140 in each group to achieve a power of 80% to detect the difference with a 5% significance level. 
Only small numbers of patients are followed-up for secondary outcomes, therefore data are open to bias 
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Reference / Citation  297 
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Q 23 What are the optimal methods of managing glucose control in in-patients with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Cavan DA, Hamilton P, EverettJ, Kerr D 2001 Reducing hospital inpatient length of stay for patients with diabetes. Diabetic 
Medicine 18:162–164 

N= 1611 (792 —prior to nurse introduction; 819 following introduction of specialist nurse) 
Research Design Cohort study 
Aim To evaluate the effect of nurse care on glucose control 
Population Mixed Diabetes population 
Intervention Nurse care 

Nurse visited all the wards weekly and routinely to identify patients and advise staff about diabetes management problems. 
Visited admissions ward, A&E department and coronary care units daily to identify potential problems, facilitate early 
discharge and provide support and patient education where necessary. Also first point of contact for referrals from other 
medical teams.  
Main objective of post: to ensure patients had good diabetic control during their hospital stay.  
Provided education, including basic dietary advice, to patients according to their needs (especially newly diagnosed)  
Patients with stable diabetes were assessed and then not seen again unless their condition deteriorated. Patients who posted 
particular management problems, or whose blood glucose control did not respond to initial changes in regimen, were referred 
for review by specialist diabetes medical staff.  
Specific protocols drawn up for patients requiring attention, including an intensive insulin regimen for patients with MI 
Nurse maintained contact for ���PRQWKV�ZLWK�DOO�SDWLHQWV�FRQYHUWHG�WR�LQVXOLQ�WUHDWPHQW 

Comparison no nurse care 

Outcome Length of stay in hospital 
Characteristics Inclusion/exclusion criteria not detailed 
Results  792 and 819 patients with diabetes were admitted to medical and surgical beds in 1997 and 1998 respectively. This represents 

3.3 and 3.4% of all patients admitted within that year, respectively.  
Median length of stay in 1997 was 11 days (range 1–108) in medicine and 8 (1–109) days in surgery.  
Following the introduction of a clinical nurse advisor, these figures were: 8 (1–109) days in medicine and 5 (1–33) in surgery 
(p less than0.001 when compared to pre-nurse stats, respectively) 
 Overall average length of stay in medicine was 8.9 days in 1997 and 10.4 days in 1998, and in surgery 5.1 and 4.9 days 
respectively. 
In 1997 the 3.3% of in patients with diabetes accounted for 6.8% of occupied bed days. In 1998 the 3.4% accounted for only 
4% of the occupied bed days—representing a saving of 4171 bed days.  
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28 Doctors surveyed reported that they regularly called upon the nurse for advice and found her role in patients’ management 
useful. 

Hierarchy of Evidence Grading IIa 

Comments Studies of this kind are very susceptible to bias, due to the possibility that other factors outside of the intervention are 
influencing the outcome. For example, there could have been other changes of staff or recommended medication over the 
course of the year which would change the outcome seen in patients with diabetes— vascular surgeons changes their discharge 
policy for diabetic patients, leading to shorter admissions but the consistency of the reductions across specialities suggests the 
introduction of the nurse did have a significant role 
Study only demonstrates changes in length of stay does not give any clues as to why this happened.  
Authors make assumption that shorter length of stay implies improved diabetic control. 
Patients entered into the study prospectively but data collected retrospectively. Data collected from official discharge 
statistics. 
No matching between patients, no baseline demographic statistics provided. 
Conclusion states: a ward based nurse can positively influence the management of inpatients with diabetes, by adjusting 
diabetes treatment and providing advice and information to patients carers and staff. This conclusion is not related to the study 
performed in which the outcome was length of stay in medical and surgical wards 

Reference / Citation  298 
 
 



 
 

 

 
 

 
 
  
Q 23 What are the optimal methods of managing glucose control in in-patients with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Koproski J, Pretto Z, Poretsky L 1997 Effects on an intervention by a diabetes team in hospitalised patients with diabetes. 
Diabetes Care 20(10):1553–1555 

N= 179 (usual care plus diabetes team=85 patients, usual care (controls)=94 
USA 

Research Design Randomised Controlled Study 
Aim An evaluation of the effect of a diabetes care team 
Population Not stated 

Intervention Usual care supplemented with a diabetes team intervention 
Diabetes team visited patients on a daily basis, orders were written by the endocrinologists once discussion took place with the 
primary care physician. Nutrition and social work consultations were requested by the team based on individual need. 

Comparison usual care.  

Outcome Length of stay, blood glucose control, readmission rates.  
Characteristics aged 15–94 years 

Males: 53% in intervention group, 47% in control group 
Age (years): intervention group=60.3±15.1, control group 64.7±14.2 
Duration of diabetes (years): intervention group=13.1±14.3, control group=16.2±20.7 
Insulin treated patients (%): intervention group=48, control group =40 

Results  Intervention and control groups were similar in demographic characteristics (age, gender, duration of diabetes, number with 
insulin treated diabetes, and co morbid condition diagnoses and frequency) 
Mean blood glucose on admission differed between the two groups: intervention group=323.3±192 mg/dl vs. 259.5±143.8 in 
controls (p less than0.01) 
Mean and median length of stay was not significantly different for patients with a primary diagnosis of diabetes in the 
intervention or controls (5.5 vs. 7.5 days— 95%CI: 4–8 and 5–11 respectively)  
Patients with secondary diagnosis of diabetes, median length of stay was 10.0 days (8–13) in the intervention group and 10.5 
(8–13)days in controls. 
Compared to the New York State expected values, median length of stay in the control group with was two days less than 



 
 

 

expected in patients with primary diagnosis of diabetes, and 1 day less than expected in the intervention group for those with 
secondary diagnosis of diabetes. 
Patients with “good” blood glucose levels during the 1st month accounted for 75% in the intervention group and 46% in the 
control group. This difference was reduced over time.  
Documented instructions for blood glucose monitoring were present in 89% of cases in the intervention group and 57% in the 
control group (p less than0.01).  
Documented instructions for insulin administration were present in 69% of the charts of insulin-treated patients in the 
intervention group and 57% in the control group (p less than0.01) 
87% of patients had documented education of any kind in the intervention group, compared with 37% in the control group (p 
less than0.0001) 
76% of patients in the intervention group had nutritional consultation, compared with 40% in the control group (p less 
than0.0001) 
No significant difference was seen in the percentage of patients seen by the social services.  
In the intervention group 15% were readmitted within three months after discharge, compare with 32% in the control group (p 
less than0.01). This difference persisted at six months 

Hierarchy of Evidence Grading Ib 

Comments Length of stay in each group compared with the average expected length of stay based on New York Group Standard days to 
account for possible variability in severity of illness between groups. 
Blood glucose control was considered “good” when 75% of capillary glucose measurements during the last two-thirds of the 
hospitalisation ranged between 80 and 180 mg/dl 
Medical record entries for insulin administration and blood glucose monitoring instructions and nutrition and social service 
consultations were counted 
All patients were tracked for readmissions at 3 and 6 months 
Length of stay in each group compared with the average expected length of stay based on New York Group Standard days to 
account for possible variability in severity of illness between groups. 
Blood glucose control was considered “good” when 75% of capillary glucose measurements during the last two-thirds of the 
hospitalisation ranged between 80 and 180 mg/dl 
Medical record entries for insulin administration and blood glucose monitoring instructions and nutrition and social service 
consultations were counted 
All patients were tracked for readmissions at 3 and 6 months 

Reference / Citation  55 
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6 Patient education and self-care 
6.1 Patient education 
 

 
  

Q67 What is the recommended delivery of education to promote understanding of Type 1 diabetes and improve initial self-management of newly diagnosed 
adults with stable Type 1 Diabetes? 

 

Author / Title / Reference / Yr  Carpentier, W. S., Piziak, V. K., Bratcher, T., & Hejl, J. 1990, "Efficacy of diabetes education: classroom versus 
individualized instruction", Hmo Practice., vol. 4, no. 1, pp. 30-33. 

N= N=40, classroom based education =20, individualised learning =20  
 USA 

Research Design Randomised controlled trial 
Aim A pilot study to test the hypothesis that patients attending formal diabetes classes will have a greater increase in stages of 

concern (SC) and Levels of use (LU) with regard to practices of self care 
Population The population included in the study have a mix of type 1 and type 2 diabetes although this is unlikely to significantly 

influence scores for outcomes used 
Intervention The content of the diabetes management education program conforms to the National Standards for Diabetes Education as put 

forth by the National Diabetes Advisory Board.7 approximately 15 hours.  
Comparison Usual education. The time for individualised instruction (the control) varies, being determined by patient needs, but it ranges 

from 90 minutes to 3-4 hours 
Outcome Changes from baseline in SC and LU scores were measured by a second assessment was done approximately 1 week after 

completion of the educational program. The stages of concern scale is a 7 point scale ranging from  (0) Awareness to (6) 
Refocusing. The level of use and behavioural Indices of Level are graded from (I) Non-use to (VI) Renewal 

Characteristics Age =greater than40 yrs, Male =33% diabetes =type 1 and type 2  
Results  There was no statistically significant different enhancement of LU in either setting.  

The results of the statistical tests of changes in SC medicated that classroom education was more effective than individualised 
instruction in enhancing the level of concern (p = 0.04)  
There was no statistical evidence of a difference in technical skills between the two groups 

Hierarchy of Evidence Grading Ib 
Comments No baseline comparison made between study groups 
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Lack of blinding may have led to outcome assessors grading more favourable for the people in the intervention group, thus 
increasing effect size. 
No details given for baseline comparison and con founding factors may have influenced outcomes with unknown direction of 
bias 
No validity and lack of replicability may have led to false outcomes being reported with unknown direction of bias 
A nursing assessment interview form for diabetes was used by nurse educators to provide in- formation whereby the client 
could be assigned a score for both SC and LU. No validation given or replicability evaluation undertaken 
Extra time devoted to education in the classroom setting as opposed to the individualised group may have confounded the 
results rather then simply the method of delivery 
Larger samples should be sought in future studies.  
Longer term outcomes after education ceased not assessed in whole study population 
When the classroom mode of education is employed, there is a more efficient use of staff time and more cost effective use of 
facility space 

Reference / Citation 77 
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Q67 What is the recommended delivery of education to promote understanding of Type 1 diabetes and improve initial self-management of newly diagnosed 
adults with stable Type 1 Diabetes? 

Author / Title / Reference / Yr  Kim, J. Y. & Phillips, T. L. 1991, "The effectiveness of two forms of corrective feedback in diabetes education", Journal of 
Computer-Based Instruction, vol. 18, no. 1, pp. 14-18. 

N= N=24, feedback drill =12, normal drill =12 � USA 
Research Design Randomised controlled trial 
Aim The purpose of this study was to investigate the effectiveness of two forms of corrective feedback utilised in a computer based 

drill developed for adults with diabetes 
Population The study used patients with type 1 or type 2 diabetes, although this difference is unlikely to have effected learning patterns 
Intervention An intervention with a computer drill to reinforce messages from an educational video. The intervention group received 

additional feedback and information on correct answers when reviewing scores on a test.  
Comparison This was compared to a control where only the correct answer was shown 

Outcome The main outcome was the knowledge of diabetes patients about topics relating to self care as defined by the number of 
correctly answered questions in a multiple choice test post the computer drill. This was evaluated immediately after the drill 
was completed 

Characteristics Age =35 to 60 yrs, duration of diabetes =3 to 27 yrs 
Results  The patients in the complex corrective feedback arm scored significantly better on the post drill test than those in the 

conventional drill arm (p=0.005). However changes from baseline knowledge not discernable 
There were no significant differences in attitude ratings to the computer drill between the study arms 

Hierarchy of Evidence Grading Ib 
Comments Outcomes are measured by a multiple-choice quiz on diabetic self-care knowledge with 20 questions. This was piloted and the 

internal reliability of this was tested and found to be at 0.86. Satisfaction levels were measured by a self-completed Likert 
scale based questionnaire. 
The lack of pre-test comparison of knowledge between the groups may have produced more positive results for the feedback 
mechanism drill than the standard drill if patients in this group had better baseline understanding, the only entry criteria was 
scoring  3 or less on a screening multiple choice test. 
Lack of blinding may have led to more positive feedback being reported among people in the intervention arm as they may 
perceive to have benefited from a novel approach 
Lack of blinding of assessors is unlikely to have effected score on diabetes knowledge as these were gained from self 
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completed tests 
Participants expressed very positive views with regard to experience with both computerised drills 
Complex corrective feedback can stimulate better learning and may build more positive attitudes to the educational 
programme than simply providing the correct answer 
Influence of baseline understanding not evaluated 
May not be equally applicable to younger patients 
Intensive education programme 

Reference / Citation 78 
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Q67 What is the recommended delivery of education to promote understanding of Type 1 diabetes and improve initial self-management of newly diagnosed 
adults with stable Type 1 Diabetes? 

Author / Title / Reference / Yr  Mensing, C. 2003, "National Standards for Diabetes Self-management Education", Diabetes Care, vol. 26, no. Supplement 1, 
p. S149-S156. 

N= Not applicable 
Research Design National guidelines 
Aim An update of extant standards for diabetes self management education (DSME) in the USA 
Population Mixed diabetes population 
Intervention Task force represented a wide body of federal organisations and agencies including: American Diabetes Association, 

American Association of Diabetes Educators, American Dietetic Association, Veterans Health Administration, Centres for 
Disease Control and Prevention 

Comparison Not applicable 

Outcome Not applicable 
Characteristics A technical team review subgroup undertook to critically review the literature for each standard it was convened in1999 and 

held weekly conference calls to discuss findings 
164 references were considered across the new standards, but no details of search strategy of appraisal mechanisms are given 
The standards cover areas relating to both the organisation of DSME services and their practical content and provision 
Exhaustive literature review showed behavioural and educational research is increasing, however more research is needed in 
this field to show improvement in patient outcomes 

Results  Standard 1: The DMSE entity will have documentation of its organisational structure, mission statement , and goals, and will 
recognise and support quality DMSE as an integral component of diabetes care 
Standard 2: The DMSE entity will determine its target population, assess educational needs, and identify the resources 
necessary to meet the self management educational needs of the target populations 
Demographic variables such as ethnic background, formal education level, reading ability, and barriers to participation in 
education, must be considered to maximise the effectiveness of self management education  
Standard 3: An established system involving professional staff and other stakeholders will participate annually in a planning 
and review process that included data analysis and outcome measurements, and addresses community concerns 
Standard 4: The DMSE entity will designate a coordinator with academic and or experiential preparation in programme 
management 
Standard 5: DMSE will involve the interaction of the individual with diabetes with a multi-faceted education instructional 
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team, which may include a behaviourist, exercise physiologist, ophthalmologist, optometrist, pharmacist, physician, podiatrist, 
registered dietician, registered nurse, other health care professionals, and paraprofessionals. The instructional team must 
consist of at least a registered dietician and a registered nurse 
It is essential in this collaborative and integrated team approach that individuals with diabetes assume an active role in their 
care 
Although there is no evidence demonstrating that on discipline is more effective tan another, the literature review favours 
current practice that utilises the registered nurse and registered dietician as key members of the multidisciplinary team 
preparing and assisting in the delivery of DSME  
Based on expert consensus, there is support that the primary instructors on the diabetes team require specialised diabetes 
educational training beyond their basic academic preparation 
Standard 6:The DSME instructors will obtain regular continuing education in the areas of diabetes management, behavioural 
interventions, teaching and learning skills, and counselling skills 
Studies indicate that instructors without specialised training in diabetes, behavioural interventions, teaching and learning 
skills, and counselling skills, may not focus on patient behaviour change, ad therefore, clinical outcomes may not improve 
Standard 7: A written curriculum, with criteria for successful learning outcomes shall be available. Assessed needs of the 
individual will determine which content areas listed below are delivered 
-Describing the diabetes disease process and treatment options 
-Incorporating appropriate nutritional management 
-Incorporating physical activity into lifestyle 
-Utilising medications (if applicable) for therapeutic effectiveness 
-Monitoring blood glucose, urine ketones (where appropriate) and using results to improve control 
-Preventing, detecting, and treating acute complications 
-Preventing (through risk reduction behaviour), detecting, and treating chronic complications 
-Goal setting to promote health, and problem solving for daily living 
-Integrating psychosocial adjustment to daily life 
-Promoting preconception care, management during pregnancy, and gestational diabetes management (if applicable) 
The literature support a core curriculum defines as a coordinated set of courses and educational experiences accomplish a set 
of outcomes 
Standard 8: An individualised assessment, development of an education plan and periodic reassessment between participant 
and instructor will direct the selection of appropriate educational materials and interventions 
The assessment includes relevant medical history, cultural influences, health beliefs and attitudes, diabetes knowledge, self 
management skills and behaviours, readiness to learn, cognitive ability, physical limitations, family support, and financial 
status 
The bulk of literature supports the importance of attitudes and health beliefs in diabetes care outcomes 
Standard 9: There shall be documentation of the individuals assessment education plan intervention, evaluation, ad follow up 
in the permanent confidential education record 
Research suggests that the development of standardised procedures for documentation, training of health professionals to 
document appropriately, and the use of structured standardised forms based on current practice guidelines can improve 
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documentation and may ultimately improve quality of care 
Standard 10: The DSME entity will utilise a continuous quality improvement process to evaluate the effectiveness of the 
education experience provided, and determine opportunities for improvement 
Monitoring participant progress (medical and behavioural) and best practices are critical to the success of DSME and can be 
used as a basis for quality improvement 

Hierarchy of Evidence Grading IV 
Comments Recommendations on practical aspects and service delivery 
Reference / Citation 79 
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Q7 What are the optimal methods of delivering education to adults with Type 1 Diabetes ? 
 

Author / Title / Reference / Yr  Rapid Reviews Team, S. H. c. Patient education models for diabetes.  2002.  
Ref Type: Generic 

N= Type 1 diabetes 2 RCTs, 2 CCTs (n=550): either type 1 or 2 diabetes 3RTCs, 1CCT (n=650) 
UK reviewers of international trials 

Research Design Systematic review 
Aim A review to examine the clinical and cost-effectiveness of patient education models for adults with Type 1 or Type 2 diabetes 
Population Type 1 and Type 2 diabetes 
Intervention Most interventions educate patients on a wide range of topics related to self-management including diet, self-monitoring of 

blood glucose, the effects of insulin , and exercise. Some studies may only focus on one or two elements. Teaching undertaken 
by a variety of staff, in formal setting or by self-teaching, and as intense initial period or ongoing programme 

Comparison Comparisons are normally usual care 

Outcome A range of outcome measures were used in original trials including diabetic control outcomes (Glycated Haemoglobin, Blood 
pressure, lipid levels, and Body Mass Index). Other outcomes include diabetic endpoints of hypoglycaemia, Ketoacidosis, 
retinopathy, nephropathy, as well as Hospital admissions. Also QOL and cognitive measures were evaluated using validated 
methods.  All outcomes were assessed at 1 year and up to 10 yrs 

Characteristics For the population with type 1 diabetes the duration of diabetes was from 5 to 18 yrs, and mean age was 28 yrs. 
For the 4 studies of people with either type 1 or type 2 diabetes mean ages ranged from 56 to 68 yrs, and 76% of the cohort 
were people with type 2 diabetes in 2 trials with proportions not given in the other 2 

Results  TYPE 1 DIABETES 
Diabetic control 
The SDIS followed patients for 7.5 years during the study with a final post-study follow-up at 10 years. The intervention 
group demonstrated consistently lower HbA levels at all points ranging from 1.6% lower to 1.1% lower, (p less than 0.01). At 
this last assessment point it may be that a non-representative group of patients remained available for evaluation, i.e., those 
most concerned about their illness, or those more interested in education. The decreasing HbA,, levels in the control 
group over time may also reflect that the least motivated participants were dropping out of the trial. This study involved more 
clinic visits for the intervention group and allowed for telephone consultation for the intervention group on 
demand. 
The Terent study is the only one designed to test an effect of education specifically. No significant differences were seen in 
HbA, between groups in this study, but the education provided in this study was relatively brief with relatively long follow-
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ups 
In the Muhlhauser study the group receiving the 5-day training programme and explicitly intensified treatment (IDTTP) had 
lower HbA, levels than either the control group or the group receiving the 4-day programme (BDTTP) and conventional 
insulin treatment. 
In the Starostina study showed the between group comparisons were not conducted, 
It appears that educationally-based intensive treatment interventions can have long-lasting beneficial effects on HbA,. 
Blood pressure 
At 10 years the SDIS reported systolic BP was lower in intervention patients (124.9) than in control patients (132.2), p less 
than 0.05. The diastolic BP in intervention patients (74.1) was also marginally lower than in control patients (77.3) .However, 
it should be noted that there was considerable attrition at the 10-year follow-up and that systolic BP was higher at baseline in 
the patients remaining 
BMI 
None of the three studies23’25 reporting BMI demonstrated reduced BMI in their intervention groups. 
Hypoglycaemic episodes 
In the SDIS the intervention group had a consistently higher percentage of patients with at least one hypoglycaemic episode. 
These differences were significant at all points except at the 10-year follow-up. This may be misleading as the figures reported 
at each follow-up are cumulative. 
Two of the studies reported no significant differences in hypoglycaemic episodes  
Mulhauser study, intensive treatment group had significantly more patients who had at least one hypoglycaemic episode than 
their control group 
Another study24 reported fewer hypoglycaemia cases in the intervention groups than in the control group at 12 months, but 
did not statistically test this difference. 
Ketoacidosis 
The Terent study reported no significant differences between the education plus SMBG group and the education group, but 
was likely underpowered, 
The Muhlhauser study reported that the control group had more patients with ketoacidosis and more episodes of Ketoacidosis 
than either of the intervention groups. 
Evidence is limited. 
Hospital admissions 
The Muhlhauser study reported that fewer patients were hospitalised in the intervention groups (IDTTP: 42; BDTTP: 57) than 
the control group (84), (p less than0.01). In addition, hospitalisation was lower in the IDTTP group (5 day education) than in 
the BDTTP group (4 day education), (p less than0.05). Little detail is reported as to the cause for the hospital stay.  
Long term complications 
Retinopathy 
These outcomes were only reported in the SDIS as this was the only study with a sufficiently long follow-up.  
Differences in mean retinopathy level between the intervention and control groups did not become statistically significant 
until 5 years of follow-up. 
Nephropathy 
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At the end of the trial (7.5 years) only one patient from the intervention group had urinary excretion of albumin (UAER) 
levels greater than 200 mg/min compared with 9 patients in the control group, p = 0.01. 
Mean glomerular filtration rate (GFR) did not significantly differ between the groups 
Neuropathy 
At the official end of the trial (7.5 years) there were no significant differences in neuropathy between intervention and control 
groups.  
Quality of life and cognitive measures 
QOL 
Quality of life was not assessed using validated measures in any of the included Type 1 studies.   
Knowledge 
In the Muhlhauser study knowledge scores were higher in the two intervention groups than in the control group and were 
higher in the IDTTP group than in the BDTTP group. 
Although knowledge was apparently greater in the intervention groups of the Starostina study differences from the control 
group were not statistically tested. 
Little evidence exists that knowledge alone predicts better metabolic outcomes or reduced complications 
 
Benefits cannot be attributed solely to the education that is offered to the patients, but are more likely due to the associated 
intensification of insulin treatment. 
It would be of interest to test whether similar effects can be demonstrated in programmes that have initially more intensive 
training, but without the continuing individualized educational contacts of the SDIS. 
Intensified treatment combined with education improves diabetic control and outcomes. 
 
No systematic reviews were located that considered interventions only in patients with Type 1 diabetes. 
 
 
TYPE 1 OR TYPE 2 DIABETES 
Diabetic control  / BMI 
There were no significant differences between the intervention and control groups on any control or endpoint measures in the 
Bloomgarden study.  
Likewise, the two intervention groups (intensive [8.0%] and passive education [8.0%]) did not differ in HbA in the Raji study. 
In the Gilden CCT both of the education groups (education & support: 6,6%) (education alone: 6.5%) had lower HbA,, than 
the control group (8.4%), p less than 0.05 after two years. 
Neither HbA nor BMI were significantly different for intervention than control patients in the Glasgow study 
Quality of life and cognitive measures 
QOL 
Total quality of life Score were better in the group receiving both education and support than in the control group. 
Unfortunately, it is not clear whether the group receiving education alone was statistically compared with the control group. 
Knowledge 
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Two studies reported that interventions improved knowledge scores. These effects, although statistically significant, do not 
appear to be large. 
 
Overall, the evidence for effects of education within mixed groups of patients is quite limited. 
It would be difficult to draw any firm conclusions about what interventions or characteristics of interventions have a 
substantial impact in groups of patients with either Type 1 or Type 2 diabetes. 
 
 

SIGN Quality Rating NICE 
Hierarchy of Evidence Grading Ia 
Comments Ten reviews included studies that recruited patients with either Type 1 or Type 2 diabetes. 

The original Brown meta-analysis included 47 studies. However, the usefulness of combining such disparate studies across 
multiple outcomes is very questionable. There was no indication as to whether positive results were long-lasting. 
A systematic review by Padgett and colleagues showed overall moderate positive effect of educational intervention. Effects 
were greatest for physical outcomes results are combined across widely divergent studies including studies of children and 
adolescents as well as adults.  
A number of worrying methodological shortcomings of studies in diabetes education were noted in the systematic reviews 
(e.g., inadequate description, lack of theoretical model, attrition). 
The DAFNE evaluation has been expanded and extended for another 12 months to include seven more centres and up to 1,000 
participants.                                       

Trials included Reichard (1988), Terent (1985), Muhlhauser (1987), Starostina (1994), Bloomgarden (1987), Glasgow (1997), Raji (2002), 
Gilden (1992), Brown (1988), Padgett (1988). 

Reference / Citation 101 
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Q7 What are the optimal methods of delivering education to adults with Type 1 Diabetes ? 
 
Author / Title / Reference / Yr  Valk, G. D., Kriegsman, D. M., & Assendelft, W. J. 2002, "Patient education for preventing diabetic foot ulceration. [Review] 

[55 refs]", Cochrane Database of Systematic Reviews., vol. Isssue 2, 2002. 

N= 8 RCTs (n=3113)  
International trials 

Research Design Systematic review 
Aim To assess the effective ness of patient education on the prevention of foot ulcers in patients with diabetes mellitus 
Population Mixed type 1 or type 2 diabetes 
Intervention Educational programmes (or programmes which include education) aiming to reduce the incidence of foot ulceration in people 

with diabetes mellitus. The foot care education could be part of a larger educational programme but for inclusion it had to 
contrast with the control intervention. The programmes ran for a range of lengths and at various frequencies, and were of both 
individual and group session design All types of control intervention were included in the review, including standard 
education.  

Comparison Usual care 

Outcome The primary outcomes of interest were: incidence of foot ulceration, infection, amputation and ulcer recurrence.  
Secondary outcomes of interest were: callus development resolution of callus, number and duration of hospital admissions for 
diabetic foot problems, foot care knowledge scores, patients’ behaviour assessment scores 
Outcomes were measured at a variety of time points from 6 months up to 7 years 

Characteristics Age = greater than18yrs Diabetes =type 1 and type 2 
Results  Intensive versus brief educational interventions  

Four RCTs 
In one, the reduction in ulcer incidence OR: 0.28 (95% CI 0.13 to 0.59) and amputation rate OR: 0.32 (0.14 to 0.71) were both 
statistically significant at The other RCT that reported amputation rate and ulcer prevalence at 7 year follow-up did not find a 
difference between intervention and control groups 
Patients’ knowledge of foot care was significantly improved in 2 of the RCTs at 6 months in one . However in one RCT, foot 
care knowledge was significantly worse although this study had small groups and also had a relatively high dropout rate. 
3 RCTs reporting on the foot care behaviour of patients showed than in the intervention group compared to control of brief 
education outcomes improved significantly at six months, and one year. 
Foot care education as a component of general diabetes patient education versus usual care  
One RCT 
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No significant effect was found on ulcer and amputation prevalence after a follow up of approximately 1.5 years 
Also no significant difference was found on the behaviour assessment scores Callus, nail dystrophy and fungal infections 
Complex educational intervention including foot care targeted at both patients and doctors versus usual care 
One RCT     
The prevalence of serious foot lesions (defined as minor non-ulcerated lesions with clinical evidence of healing as a 
minimum) was reduced OR: 0.41(0.16 to 1.00).  
No significant effect was found on the composite outcome of ‘alt foot lesions’  or ‘amputations’   
A significant positive effect was also found on patients’  foot care behaviour. However the proportion of patients in each group 
that completed follow up were not provided and could therefore not be compared 
Intensive, tailored, patient education versus usual care 
Two RCTs 
Foot care knowledge only was assessed at 1 year, and no effect was found 
A statistically significant improvement in foot care knowledge at 6 months follow up was recorded 
No positive effects were found on foot appearance and foot care skills score 

Hierarchy of Evidence Grading Ia 
Comments Two reviewers acting independently decided on inclusion or exclusion. Details of eligible studies were extracted and 

summarized using a data extraction sheet by two reviewers independently, disagreements were resolved by discussion 
A good strategy including searching the major health databases including MEDLINE, Cinahl and EMBASE, and the 
Cochrane Controlled Trials Register using listed free text words and limits within the Wounds Group Specialised Trials 
Register. Also The bibliographies of all retrieved and relevant publications identified by these strategies were searched for 
further studies 
Due to differences in interventions and outcomes described in original trials data was not pooled for any analysis and , the 
results of this review are presented in a study-by-study narrative form, with similar interventions with similar controls grouped 
The RCTs scored between 2 and 4 on the internal validity score (maximum of 10). This means that all RCTs had serious 
methodological flaws. 
Overall, it appears that little evidence is available to support patient education for the prevention of diabetic foot ulceration or 
amputations, however this amounts to an absence of evidence rather than evidence of ineffectiveness.  
Positive results of this single RCT cannot be extrapolated to people with diabetes at a lower baseline risk. ]  
Most of the studies in this review recruited too few participants to be able to detect clinically important differences in 
outcome.   
Foot care knowledge and patient behaviour were measured using very subjective outcome measures and are therefore prone to 
bias.    
Foot care knowledge and patient behaviour seem to be positively influenced by education in the short-term, however the goal 
of education (improving knowledge and behaviour) is the prevention of foot ulceration and amputations, and sufficient 
evidence of this has not yet been delivered 

Trials included Barth (1991), Bloomgarden (1987), Hamlainen (1997), Kruger (1992), Litzelman (1993), Malone (1989), Mazzuca (1986), 
Rettig (1986) 
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Q7 What are the optimal methods of delivering education to adults with Type 1 Diabetes ? 

Author / Title / Reference / Yr  Thompson, D. M., Kozak, S. E., & Sheps, S. 1999, "Insulin adjustment by a diabetes nurse educator improves glucose control 
in insulin-requiring diabetic patients: a randomized trial.[comment]", CMAJ., vol. 161, no. 8, pp. 959-962. 

N= n=46, nurse educator =23, control =23 
Canada 

Research Design Randomised controlled trial 
Aim A study to determine if insulin adjustment according to advice provided by telephone by a diabetes nurse educator could lead 

to better glucose control, as indicated by level of glycated haemoglobin 
Population Insulin dependant people with diabetes 
Intervention Patients in the intervention group made arrangements for regular telephone contact with the nurse. The frequency and duration 

of phone contact was individualized and varied widely among patients, but averaged 3 calls per week, each lasting 15 minutes. 
Insulin adjustments were recommended during most calls. The nurse had adjusted insulin therapy for several years. She 
followed general guidelines for insulin adjustment but used her judgement for each individual decision 

Comparison Usual care 

Outcome The primary endpoint was the mean HbA level 6 months after entry into the study. As a secondary outcome we examined the 
proportion  
a of patients in each group who experienced a 10% reduction in HbA levels over the study period.   

Characteristics Age= 49yrs, Male =48%, Type 1 diabetes =57%, duration of diabetes =17yrs 
Results  Glucose control 

Patients in the intervention group experienced a highly significant decline in HbA level over, the study period, whereas there 
was no significant change for patients in the standard-care group. Twenty (87%) of 1 the 23 patients in the intervention group 
experienced a decline in HbA, of at least 10%, whereas only 8 (35%) of those in the standard-care group did (p less than 
0.001). 
Differences in the HbA level between die 2/groups were not affected by regression adjustment for age, sex or type of diabetes.  
Clinical events 
No patient in the standard-care group experienced development or progression of a diabetes-related complication during the 
study period. One patient in the intervention group received laser therapy for retinopathy during the study period, and another, 
who had already lost some digits because of diabetes, underwent additional digital amputations 

Hierarchy of Evidence Grading Ib 
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Comments The laboratory technicians performing the measurements had no knowledge of the study and were blinded as to the patients’  
group assignment 
Without blinding of patients in the study there may be contamination of the intervention between study groups reducing 
effects recorded in outcomes 
Despite the relatively small sample size, it is likely that the outcomes reported are directly attributable to the intervention 
under investigation, for the blood glucose control outcomes at least 
Not all type 1 diabetes but adjusted for in regression analysis 
18 This success was accomplished in the setting of a typical hospital diabetes clinic with patients m whom previous attempts 
to improve glucose control had been unsuccessful 
The intervention was very time consuming for the nurse educator 
Difficult to determine the relative efficacy of education and improved insulin regime 

Reference / Citation 12 
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Q7 What are the optimal methods of delivering education to adults with Type 1 Diabetes ? 

Author / Title / Reference / Yr  Norris, S. L., Nichols, P. J., Caspersen, C. J., Glasgow, R. E., Engelgau, M. M., Jack, L., Snyder, S. R., Carande-Kulis, V. G., 
Isham, G., Garfield, S., Briss, P., & McCulloch, D. 2002, "Increasing diabetes self-management education in community 
settings. A systematic review. [Review] [120 refs]", American Journal of Preventive Medicine, vol. 22, no. 4 Suppl, pp. 39-66. 

N= N=8 studies (community) 10 studies (in the home) numbers in trials not stated   
US reviewers of international studies 

Research Design Systematic review 
Aim A review of the effectiveness and cost effectiveness of self management education interventions for people with diabetes 
Population Type 1 and type 2 diabetes 
Intervention A range of Diabetes Self-Management Education (DSME) programmes which aim to optimize metabolic control and quality 

of life and to prevent acute and chronic complications are evaluated, and grouped for the location of where the DMSE is 
performed. 

Comparison Comparisons are made to normal care 

Outcome A number of endpoints are considered including, process outcomes (knowledge, skills, psychosocial outcomes, healthcare 
system outcomes) Short-term outcomes (Glycemic control, physiologic outcomes, lifestyle, mental health outcome, work-
related outcome) and Long-term outcomes (macrovascular complications, microvascular complications, mortality, Quality of 
life, pregnancy-related outcomes) medium follow up was for 6 months for studies in the community setting and for 12 month 
among studies in the home setting   

Characteristics Community setting: Age =43-71yrs, sex =mixed, Type 2 diabetes =exclusively in 6 of 8 trials that stated  
Home setting: Age =27-63yrs, sex =mixed, Type 1 and 2 diabetes = 2 of 7 trials, unknown diabetes = 2 of 7 trials 

Results  COMMUNITY GATHERING PLACES 
From 4 studies the pooled estimate showed a decrease in GHb (%) of –1.9, (95% CI -2.4 to -1.4)  
Fasting blood glucose was found to be reduced –2.0 (mmol/L)  (-1.3 to –4.0) 
In one trial knowledge improved with DMSE compared to control (p=0.04) 
Similarly in one study that reported the outcome, physical activity (minutes of walking) improved (p less than0.001)  
Analyses of weight, blood pressure, total cholesterol, and dietary intake showed no significant differences between groups 
The authors concluded that on the basis of the outcome of glycemic control, sufficient evidence of effectiveness was available 
to recommend DSME in community gathering places, however evidence was insufficient for the outcomes of dietary intake, 
physical activity, weight, blood pressure, and lipid levels, as there were few studies and effects were inconsistent.  
IN THE HOME 
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In 4 trials (2 of children or adolescents) patients with Type 1showed a significant decrease in GHb after DSME with a pooled 
estimate of –1.1 % (95% CI -1.6 to -0.6) 
A borderline significant decrease in weight was seen in a mixed diabetic cohort –2.3 Kg (–4.5 to O) 
From 1 trial of Healthcare utilisation it was found that the % of patients with eye examination in prior 6 months improved 
(OR=4.3)  
Separate analyses found that blood glucose, and foot appearance did not statistically alter with DSME in a general diabetes 
cohort  
Specifically in type 1 diabetes measures of knowledge, self-concept showed no significant change 
Researchers felt that evidence of the effectiveness of home interventions on glycaemic control was sufficient for adolescents 
with type diabetes, but evidence of the effectiveness of DSME in the home was insufficient for both type 1 and type 2 diabetes 
when other psychosocial, behavioural, or health outcomes were examined.  

Hierarchy of Evidence Grading Ia 
Comments No details given on duplicate selection or data abstraction. Inclusion criteria demanded that studies published in English, and 

reported on one or more outcomes of interest pre-selected, and that they met minimum quality standards. Point estimates of 
effect on GHb were calculated 
Potential publication bias with limitation to English language and abstracts not considered, with likely more positive studies 
included in the review thus increasing effect sizes 
There is potential heterogeneity between study results with the test employed underpowered to detect differences between a 
small number of trials (n=5 max) which may give false confidence in stability of pooled effect 
An up to date systematic review 
Some very small groups in pooled effects 
Numbers in original trials and therefore analyses not known 
This report represents the work of the independent, non-federal Task Force on Community Preventive Services part of the 
U.S. Preventive Services Task Force.  
Of 10 studies included in the home intervention section 3 were of children and adolescents (to 14 yrs) 
Authors state that attention must be paid to the internal validity of studies and potential sources of bias. 
It is difficult to determine what aspects of the intervention may lead to improved outcomes, and how to apply results to a 
given population and setting. Study participants were generally volunteers, and these self-selected groups likely differ from 
the general population. 
Work is also needed to identify which racial, ethnic, and socio-economic populations may benefit the most, and how best to 
identify and recruit these people 

Trials included Barnard (1994), Brown (1995), Brown (1998), Elshaw (1994), Hahn (1998), Heath (1991), Wang (1998), Wilson (1987), 
Basch (1999), Brown (1997), Couper (1999), Dougherty (1999), Manning (1995), Mazzuca (1997), Rettig (1986), Turnin 
(1992), Whitlock (2000), York (1997), 

Reference / Citation 84 
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Q7 What are the optimal methods of delivering education to adults with Type 1 Diabetes ? 

Author / Title / Reference / Yr  de, W., I, Visser, A. P., Kok, G. J., de Weerdt, O., & van der Veen, E. A. 1991, "Randomized controlled multicentre 
evaluation of an education programme for insulin-treated diabetic patients: effects on metabolic control, quality of life, and 
costs of therapy", Diabetic Medicine., vol. 8, no. 4, pp. 338-345. 

N= n=558, education=355, control=203 
Research Design Randomised controlled trial 
Aim A randomised study to evaluate an education programme fro insulin treated diabetic patients with the objective of improving 

the level of self care of the participants 
Population Insulin dependant diabetics 
Intervention The programme (on an out-patient basis) consisted of four  weekly group sessions of 3 hours duration. A video film, a book, 

and some practice materials were used as part of a highly structured programme. The lessons also had a motivational function. 
A trained nurse, a dietician or a patient with diabetes, led the education sessions.  

Comparison Patients in the control group were not given any extra education 

Outcome Measures of metabolic control, and quality of life were evaluated at baseline and at 6 months. Costs of therapy were also 
considered  

Characteristics Age =45yrs, Duration of diabetes =12.7 yrs, Number of injections per day =1.9  
Results  Metabolic Control 

The mean differences between the scores on the first and last measurement of these variables are given in. No significant 
differences were found between study groups on any of the variables related to metabolic control. 
Quality of Life  
The results of the effect of the education programme on the two measures for quality of life are also given in Table 3. No 
significant effect of education was found on the scores of either measure. 1 Analyses of the changes in the scores on the 
Affect-Balance Scale on the positive and negative aspects of subjective well-being showed that both the mean score on the 
negative aspects and the mean score on the positive aspects increased (p less than 0.01) overall NS 

Hierarchy of Evidence Grading Ib 
Comments Cluster randomisation. The study was conducted in 15 randomly selected hospitals spread geographically over the 

Netherlands. Control patients were taken from five hospitals, and intervention patients from the other 10. The division into 
experimental or control group was randomised. Method not stated 
No blinding attempted due to nature of the intervention in question 
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Metabolic Control Glycosylated haemoglobin (HbA1c) and serum fructosamine level  were measured. The questionnaire also 
contained a list of nine clinical signs related to poor metabolic control, namely blurring of vision, excessive sweating and 
thirst, hunger, itch all over the body, tiredness on waking up, difficulty in Patients indicated whether these clinical signs 
occurred seldom, sometimes or often. Quality of Life, subjective well-being was assessed using subjective social indicators.  
A validated Dutch version of the Bradburn Affect-Balance Scale, was used. Also participants rated their quality of life on a 
scale from O to 10 all measures were validated 
Authors conclude that the education programme did not result in improved metabolic control.  
More attention should be paid to the integration of the education programme in standard therapy and perhaps in the training of 
the physicians.  
Explanations for the lack of effect should be sought in the quality of the education programme, such as the content of the 
programme and the shortage of time for more group discussions, and also in the relatively short duration of follow-up of the 
study 
Subgroup analysis showed no differential effects in population tested including baseline quartiles of metabolic control and 
number of hypoglycaemic reactions. 
Positive effects of education in knowledge and active self care with same intervention are not followed through in these 
endpoints 

Reference / Citation 81 
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Q7 What are the optimal methods of delivering education to adults with Type 1 Diabetes ? 

Author / Title / Reference / Yr  Lennon, G. M., Taylor, K. G., Debney, L., & Bailey, C. J. 1990, "Knowledge, attitudes, technical competence, and blood 
glucose control of Type 1 diabetic patients during and after an education programme", Diabetic Medicine., vol. 7, no. 9, pp. 
825-832. 

N= N=74:  education=42, control=32 (30% non responders / failed to consent at baseline)  
UK 

Research Design Randomised controlled trial  
Aim An evaluation of diabetes education programme with motivational and behavioural features designed to enhance compliance. 

No null hypothesis stated 
Population Type 1 diabetes 
Intervention The education programme followed by the study group consisted of 12 meetings at monthly intervals, at which different 

aspects of diabetes treatment and technical skills were considered. Teaching was by both individual and group format methods 
Comparison Control group received normal clinical care throughout, in which blood glucose control, diet, and insulin were reviewed at 

intervals of 3-6 months 
Outcome Elements of improved blood glucose control, attitudes to and knowledge of diabetes, and technical self management skills 

were evaluated. All were tested at baseline, and 1 year. Additional analysis of patients in the intervention group was 
undertaken at 18 months (6 months after completion of programme) but not in control patients (data not shown) 

Characteristics Age =36yrs, Male =62%, Duration of diabetes =12yrs, Insulin dose =0.74 (U/kg), Body weigh =70Kg 
Results  After 12 months participation in the diabetes education programme the study group showed a reduction in the HbA1, value (p 

less than 0.05) Vs the control group at 12 months. 
At the 12-month assessment the study group attained an improved knowledge score (p less than 0.001 Vs control group) and a 
more favourable attitude score (p less than 0.03 Vs control group)  
The study group also showed an improvement of technical skills at 12 months (p less than 0.02) Vs control group. 

Hierarchy of Evidence Grading Ib 
Comments Most baseline variables were similar, but the mean age of the control group was greater than the intervention group (p less 

than 0.02).  At recruitment the study group and control group showed a similar level of blood glucose control. Knowledge of 
diabetes at the time of recruitment was similar, attitudes to diabetes and technical skills were similar in all groups 
Blood Glucose Control was assessed by glycosylated haemoglobin measured with the Glytrac electrophoretic method. 
Attitudes to diabetes were measured using a Likert attitude statement scale technique. Knowledge of Diabetes was assessed by 
multiple choice questionnaires, for all these outcomes measures were validated and replicability assessed. Technical skills 
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were assessed with a short practical test of insulin delivery technique, diet, and blood glucose testing  (validity studies were 
not conducted) 
No reason why control groups not follow up for 18 month comparison with intervention group 
Difficult to determine which factor of the intervention, education or closer contact contributes to change in behaviour 
(30 %) of Type 1 diabetic patients who declined or failed to attend a formalized diabetes education programme, h 2 might be 
in particular need of a diabetes education programme. 
The attention, support, and encouragement offered during the education programme may have provided a source of extrinsic 
motivation which promoted compliance. 
Factors, such as social and environmental influences and psychological status, together with intrinsic motivation, were not 
specifically addressed in the present study.   

Reference / Citation 82 
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Q8 In adults with Type 1 Diabetes, what are the optimal methods to improve concordance with self-management? 
 

Author / Title / Reference / Yr  Korhonen, T., Huttunen, J. K., Aro, A., Hentinen, M., Ihalainen, O., Majander, H., Siitonen, O., Uusitupa, M., & Pyorala, K. 
1983, "A controlled trial on the effects of patient education in the treatment of insulin-dependent diabetes", Diabetes Care., 
vol. 6, no. 3, pp. 256-261. 

N= n=77, intensive education =39, control =38 �Finland 
Research Design Randomised controlled trial 
Aim A trial to evaluate the effect of patient education on diabetic control in insulin-treated diabetic adults 
Population Insulin dependant diabetic population 
Intervention The patients in the intervention group received intensive instruction, both individually and in small groups, from a team of two 

physicians, a dietician, and two teaching nurses who specialised in the treatment of diabetes.  
Comparison Control group patients received traditional education given at the hospital 

Outcome Among other outcomes compliance was evaluated in terms of diet history, with a 24 hour recall method at baseline and for 
every 3 months through to 18 months. Knowledge was assessed at baseline and at 3 and 12 months using a self administered 
multiple choice test designed for the study. The questionnaire contained 105 questions covering areas such as diet, insulin 
administration, urine testing , hypoglycaemia, hyperglycaemia, and foot care 

Characteristics Age =37yrs, Male =55%, Duration of diabetes =8yrs, Plasma C-peptide after glucagon stimulation 24. 1 
Results  During the intervention period both groups improved their test performance in terms of knowledge of diabetes, with no 

significant differences between the groups. No correlation was found between test score and age, sex or duration of diabetes, 
although a positive correlation was found with length of schooling (p less than0.001) 
Changes in self reported dietary adherence in the two study groups were similar up to 18 months. 
There were parallel changes in diabetic control during the trial 

Hierarchy of Evidence Grading Ib 
Comments Despite stratification in randomisation there was a higher baseline knowledge score in the education intervention group than in 

the control group 
Out comes for satisfactory metabolic control used abstract criteria with the following 3 criteria having to be met 1) fasting 
glucose concentration in morning before visit less than7.2mmol/l 2) urinary glucose excretion on the day preceding the visit 
less than20g/24hrs 3) more than 75% of the urine tests since the previous visit free of glucose, diet history was assessed by a 
24hr recall method with validation not stated, and Knowledge of diabetes management evaluated by a self administered 
multiple choice test covering items such as diet, insulin administration, urine testing, hypoglycaemia, and foot care 
The lack of blinding may lead to augmented reporting of outcomes for the subjective variables amongst the intervention 
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group, thus increasing the effect size of the intervention 
No details given regarding withdrawal, if patients in the intervention group who were gaining least benefit withdrew more 
often than others then outcomes for intervention group will be artificially higher . 
The failure of the intensive instruction to improve the metabolic control more than short superficial control training may be 
due to several factors. These may include the characteristics of the experimental group, the content and practical management 
of the education programme, and difficulties encountered in the modification of the self-care behaviour 
Both groups demonstrated improved diabetic control in the short term to 1 month then gradual slip thereafter. 

Reference / Citation 87 
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Q8 In adults with Type 1 Diabetes, what are the optimal methods to improve concordance with self-management? 
 

Author / Title / Reference / Yr  Matam, P., Kumaraiah, V., Munichoodappa, C., Kumar, K. M., & Aravind, S. 2000, "Behavioural intervention in the 
management of compliance in young type-I diabetics", Journal of the Association of Physicians of India., vol. 48, no. 10, pp. 
967-971. 

N= n=40, therapeutic package =20, usual care =20  
India 

Research Design Randomised controlled trial 
Aim A trial to examine the efficacy of a behavioural intervention programme in the management of compliance in young people 

with type 1 diabetes 
Population Type 1 diabetics 
Intervention An intervention of 15 individual sessions of therapy over a period of 3 months. The therapeutic package in the study 

comprised of both behavioural and cognitive strategies based on an operant learning model. The programme comprised 
elements of behavioural counselling, self monitoring procedures, reinforcement, target setting prompts and reminders, 
cognitive restructuring, Jacobsons’  progressive muscular relaxation, diabetes education and counselling.  

Comparison Control group patients received usual care and were seen at 3 time points for assessment 

Outcome A scale for compliance behaviour (with higher scores indicating lower compliance) and diabetes self knowledge were 
evaluated at end of 3 month therapy course, and glycosylated Haemoglobin level and QOL assessment made at interim mid 
point of therapy (time not stated) 

Characteristics Age =18yrs, Male =equal distribution Diabetes =type 1 only  
Results  The experimental group had improved compliance post treatment with mean score falling from 9.65 to 1.25 while in the 

control group compliance became worse with a baseline score of 5.6 rising to 9.26 a significant difference (p=0.05) 
Similarly there was a significant difference at post treatment point on the HbA1 value with the experimental group having 
lower values than the control group (p=0.05) 

Hierarchy of Evidence Grading Ib 
Comments Most demographic characteristics were similar across the two study groups. The experimental group had significantly higher 

number of years of education, and baseline score on diabetes knowledge. Analysis of co-variance indicated that there was no 
significant influence of these factors on outcomes reported 
A clinical history was performed using a standard proforma. Compliance behaviour was assessed using a scale designed for 
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the study, comprising factors relating to diet compliance, exercise frequency, insulin regularity and frequency of 
hypoglycaemic episodes, tool was not validated. Glycosylated haemoglobin was tested using a standard HbA1 test, and 
diabetes knowledge and QOL were evaluated using validated tools 
Difficult to determine which element of the intervention improved compliance 
Increased contact with patients in intervention group may have brought about improvements in outcomes ‘Hawthorne effect’  
Cannot help examine whether positive outcomes on compliance wane with time 
The two groups differed significantly on all of the outcome measures at post therapy point (knowledge and QOL), indicating 
that the behavioural intervention was effective in meeting the objective of the study 
The small size of the sample limits the generalisation of the study 

Reference / Citation 86 
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6.2 Self monitoring of blood glucose 
 
 

 
 

Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Coster S, Guliiford MC, Seed PT, Guillford MC, Powrie JK, Swaminathan R 2000 Monitoring blood glucose control in diabetes mellitus: a 
systematic review. Health Technol Assess 4(12) 

N= 8 controlled trials (4 in adults) 
Within trials: largest n = 181, smallest n = 16, rest one study n=68, the rest less than40 

Research Design Systematic review 
Aim To assess the optimum protocol for self monitoring of blood glucose 
Population Type 1 diabetes 
Intervention Frequencies, blood or urine testing. 
Comparison Varied between studies 

Outcome Clinical and cost effectiveness of different methods for monitoring blood glucose control in diabetes mellitus. Self-monitoring by patients and 
near-patient or laboratory testing in healthcare settings were considered.  
A number of outcomes were analysed including intermediate outcomes such as changes in blood glucose control and patient satisfaction, as 
well as measures of health status and health-related quality of life. 
Costs, including treatment costs and patient costs. 

Characteristics Varied between studies 
Some studies included children 

Results  Evidence statements 
Of the controlled trials, only one suggested a benefit of blood testing for GHb. The rest showed no difference between blood or urine testing 
or different frequencies of testing.  
Three studies found the frequency of hypoglycaemia was low and not different between blood monitoring and control groups. 
A meta-analysis of data from studies comparing blood monitoring with urine monitoring in IDDM children or adults suggested a mean 
difference in GHb of approximately –0.567% (95% CI: –1.073 to  –0.061), this result was of borderline significance and was sensitive to two 
assumptions made in interpreting and analysing the data. Blood testing was more costly than urine, but was preferred by patients, possibly 
due to the accuracy of the resultant information. 
 
Reliability and Validity of self-monitoring:  
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A convenience sample of papers known to the authors suggests that issues of observer training, interdevice variability, the effects of long-
term use and patient acceptability have not usually been addressed. Most studies reported a formal assessment of meter reliability and validity 
but inappropriate statistical methods were used for method comparison. 
The development of memory meters showed that diabetic patients often made incorrect recordings of blood glucose values in their diary 
records. 
Williams et al identified a number of sources of inaccurate readings in 21 patients with type 1 diabetes. These included: rounding values to 
the nearest whole number, omission of outlying values and reporting of results when no test was recorded in the memory of the meter. Over 
and under reporting often occurred together and were associated with higher GHb levels. 
Ziegler et al confirmed these findings in 14 people with diabetes. Mean blood glucose values and the amplitude of blood glucose excursions 
were lower in logbook records than in meter memories. Addition of phantom values in the logbook and omission of SMBG measurements 
were common leading to an overall obscuring of the occurrence of hypo- and hyperglycaemia.  
Strowig and Raskin found that these problems could be addressed by information patients of the memory capacity of the meter. 
Bolinder et al showed SMBG results may be inaccurate in some patients, compared to continuous microdialysis measurement of glucose in 
subcutaneous adipose tissue, due to wide variations in glucose levels between SMBG that can go recognised. This was more likely to happen 
at night and could occur when subjects were testing as frequently as seven times/day. This study concluded that the true diurnal variability in 
glycaemia of people with Type 1 diabetes is too great to be measured, even by frequent SMBG. 
Other factors influencing reliability 
Patient factors: Kabadi et al showed more accurate blood glucose readings may be obtained by patients following sufficient training.  
Bernbaum et al reported that older people (aged 65–79 years) could produce results as reliable as those obtained by younger subjects.  
Two reports suggested that visually impaired patients might be able to use SMBG with satisfactory results, but only after extensive 
instruction.  
Impairment of colour vision can lead to misinterpretation of visually read strips. Colour vision should be tested formally before self-
monitoring with visually read strips is recommendedi, although this can be overcome by using a meter. 
 
Clinical effectiveness of Self monitoring in Type 1 diabetes 
Four studies were conducted in adults.  Details of these studies are in the table below: 
Post hoc calculations of power showed that the study by Starostina et al was the only study with sufficient power tro detect a difference in 
GHb of less than1% but greater than0.5% 
Drop out rates in the studies were between 10 and 20 % 
Studies varied in their instructions for frequencies and timing of monitoring.  
The studies by Worth and Starostina gave algorithms to patients to alter insulin dose; Gordon et al encouraged alteration of dose but did not 
provide algorithms and Terent et al encouraged patients to change their insulin dose in order to achieve FBG of less than7 mmol/l or 
postprandial blood glucose of less than10 mmol 
 

Study Setting Design intervention outcome No 
of  
(wk) 

N Power 
(detectable 
difference in 
GHb) 

Inclusion criteria 

Worth 
1982 

UK 
hospital 
diabetes 
clinic 

RCT Urine vs. 
SMBG (visual) 
vs. SMBG 
(meter) 

GHb  
Blood glucose  
Urine glucose 

60 38 1.0–2.0 % Exceptions: pregnancy, 
oral contraceptives, renal 
disease, retinopathy 
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Worth 
1982 

UK 
hospital 
diabetes 
clinic 

RCT Urine vs. 
SMBG (visual) 
vs. SMBG 
(meter) 

GHb  
Blood glucose  
Urine glucose 

60 38 1.0–2.0 % Exceptions: pregnancy, 
oral contraceptives, renal 
disease, retinopathy 

Terent 
1985 

Sweden Factorial 
randomised 
trial 

Education vs. 
SMBG vs. 
SMBG + 
education vs. 
conventional 
care 

HbA1 78  37 2.0–3.0 % Agegreater than17, Dm 
duration�����\HDUV 
Exclusions: renal 
transplant, pregnancy, 
alcoholic, prisoner 

Gordon 
1991 

UK, 
general 
hospital 

Random 
crossover trial 

Three different 
frequencies of 
SMBG 

GHb 
Fructosamine 
Blood glucose 

25 25 1.0–2.0 % Age: 18–50 years 
Diabetes for ����PRQWKV 
Two insulin injections 
daily. 
Previous SMBG for ���
months 

Starostina 
1994 

Russia, 
Research 
centre 

Consecutive 
allocation to 
treatment 

Urine vs. 
SMBG vs. none 

HbA1 
Weight 
Cost 

104  181 0.5–1.0 % Exclusions: chronic 
conditions not DM related  

 
Effect on blood glucose control 
No trial demonstrated effect of SMBG on blood glucose control. 
Effect on other outcomes 
Hypoglycaemia: One study reported frequency and occurrence of hypoglycaemia was low and not different in SMBG or controls  
Patient outcomes: Three studies measured patient outcomes  
Worth et al found that on a comprehensive questionnaire greater than50% of patients though that blood testing was superior to urine testing 
for assessing metabolic control 
40% felt that a combination of blood and urine testing was better, and No patient thought urine testing superior to blood testing. 
No clear preference was expressed for either visual strips or strips with meters 
Gordon et al reported that 9/18 patients preferred testing four times daily twice weekly; 6/18 patient preferred four times daily once a week; 
and 3/18 preferred twice daily testing seven days a week.  
Neither of these studies evaluated patient preferences before the start of the trial  
The third study, testing the effect of monitoring on DM knowledge, showed higher test scores after the intervention. However, this study 
demonstrates the validity of an overall testing package with great emphasis on education, rather than one specific SMBG techniqu 
A standard protocol for conducting and reporting evaluations of blood glucose monitoring devices should be developed.  
Further work should be done to develop standard packages of proven effectiveness, to train patients in the use of self-monitoring devices and 
to provide them with the information needed to adjust their therapy according to self-monitoring results. These packages should form part of 
the overall approach to patient education in diabetes. 
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Self-monitoring in Type 1 diabetes 
The use of SMBG is well established in Type 1 diabetes and has received support from the results of the DCCT. Unconfounded studies do not 
provide convincing evidence for an effect of self-monitoring on blood glucose control. The question of whether SMBG is necessary for all 
patients might best be addressed by carrying out prospective observational studies of groups of patients with Type 1 diabetes in order to 
characterise those who do not use monitoring or do not use it effectively. These groups might be the subject of intervention studies.  
Recommendations for research 
Observational studies should be carried out in samples of subjects with Type 1 diabetes to identify groups of patients in whom blood glucose 
self-monitoring is of benefit and groups in whom it is not. 
Studies should also not just include assessment of GHb, but also the occurrence of hypoglycaemia, patients’  satisfaction with care and health-
related quality of life. 

Hierarchy of Evidence Grading Ia 

Comments Search strategy 
The author’ s personal collections, Diabetes care and Diabetic Medicine (1990–1999), the electronic databases MEDLINE and EMBASE, and 
the Index and Bibliography of Social Sciences.  
Citations from papers retrieved were screened.  
Letters were sent to the British Diabetic Association and leading manufacturers.  
Retrieved papers were evaluated for quality using a validated checklist, by two independent reviewers.  
Data were abstracted and synthesised using meta-analysis where possible, papers were reviewed using a quality checklist.  
Keywords: insulin-dependent diabetes; self-care, blood glucose self-monitoring, patient compliance, glucose blood level, urinalysis. 
Papers retrieved 
24 papers: 8 RCT, 16 non-controlled studies  
Mean quality rating14.4 (SD 1.6) 
Only one study had sufficient power to detect differences in GHb of ������ 
Objectives 
To systematically search for research data on the clinical and cost effectiveness of different methods of monitoring blood glucose control in 
diabetes. 
To evaluate methods of self monitoring by the patient 
To evaluate both laboratory-based testing and near patient testing in healthcare settings 
To consider the separate needs of patients with Type 1 diabetes and to consider age, ethnic group and social factors as possible effect 
modifiers 
To synthesise conclusive results to provide protocols for monitoring and to make recommendations for future primary research where existing 
evidence was insufficient 
Authors note that meters have improved considerably during the time since the reviewed studies were reported. 
Trajectory of knowledge base 
the development of methods of monitoring has been the subject of considerable technical innovation, but the evaluation of the clinical- and 
cost-effectiveness of the application of these methods has not been the subject of many recent studies. This cannot be considered to be a 
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rapidly developing field, as evidenced by the age of the studies included in this review. 
There is no standard protocol for evaluating blood glucose monitoring devices. Published evaluations have often only evaluated a limited 
number of aspects of meter performance and have not always used appropriate methods to analyse the reliability of measurements.  
Conclusions 
A standardised protocol should be drawn up for conducting and reporting evaluations of blood glucose monitoring devices. 
Blood glucose self monitoring is well established in clinical practice but the optimal use of the technique has not been established. Present 
evidence suggests that it may not be essential for all patients 

Trials included  See original study 
Reference / Citation   
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Q10 What is the optimum regimen of self-monitoring of glucose control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Lindsey, C. C., Carter, A. W., Mangum, S., Greene, D., Richardson, A., Brown, S., & McCandless, B. 2002, "A prospective, 
randomized, multicentered controlled trial to compare the annual outcomes of patients with diabetes mellitus monitored with 
weekly fructosamine testing versus usual care: a 3-month interim analysis", Diabetes Technology & Therapeutics, vol. 4, no. 
5, pp. 637-642. 

N= n=60 fructosamine testing =33, normal care =27 
USA 
3 sites 

Research Design Randomised controlled trial 
Aim Objectives of this study are to compare the quarterly A1c results of subjects who monitor weekly fructosamine with results of 

those receiving usual care for their diabetes management. 
Population Mixed type 1 and Type 2 diabetes 
Intervention An intervention of weekly test for fructosamine level in addition to daily blood glucose assessment. 
Comparison Monitoring was compared to conventional care with only blood glucose monitoring for three months 

Outcome Mean blood glucose over the 2-week period prior to follow-up visits was recorded for both groups. QOL scores were collected 
at baseline and will be evaluated at the 12-month follow-up visit. 
The primary outcome of glucose control was evaluated using an A1c At-Home test, and QOL scores evaluated using the 
diabetes-39 questionnaire which has been validated in this population 

Characteristics Demographic characteristics not presented in report  
 

Results  No statistically significant differences between mean glucose, fructosamine, and A1c were observed to 3 month follow-up. 
For A1c the fructosamine testing group  then mean value was 7.755%  SD (1.408) and for the control group  7.971% SD 
(1.797) (p=0.676) 
Mean BMI, compliance with diabetes medication, alcohol intake, tobacco use, dietary regimen, and exercise did not change 
between groups at the quarterly analysis.    

Hierarchy of Evidence Grading Ib 

Comments Power analysis undertaken 
The time needed to reflect a statistically significant change in the A1c has yet to develop. A1c values take several weeks to 
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show any significant changes, which may result in a lag time of observable differences greater than 3 months.  
Not all of the enrolled study subjects have yet reached the 3-month review point and enrolment is still continuing, for the 1 
year outcome study 

Reference / Citation   
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Q10 What is the optimum regimen of self-monitoring of glucose control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gordon D, Semple CG, Paterson KR 1991 Do different frequencies of self-monitoring of blood glucose influence control in 
type 1 diabetic patients. Diabetic Medicine 8:679–682 

N= N=25 
UK 

Research Design Randomised controlled trial  
Aim To evaluate the effectiveness of different monitoring regimens 
Population Type 1 diabetes 
Intervention A four-point profile on any two non-consecutive days per week 

One four-point profile on any day of the week 
Comparison Two blood glucose measurements on each day for 7 days per week 

Outcome Blood glucose control, fructosamine control, GHb levels, insulin dose changes and patient preference.  
Characteristics 16 male, 9 female; age= 31.0±10.0 years; duration of diabetes=1.09±7.7 years 
Results  Four patients withdrew during the study, all while undergoing the single day week protocol. The two patients who provided 

reasons for withdrawal expressed concern about the infrequency of monitoring during this phase. 
Laboratory measurements 
No significant differences were found when comparing the three protocols between any of the measures studied: 

 2 days x 4 tests / wk 1 days x 4 tests / wk 7 days x 2 tests / wk 
 Wk 1–6 Wk 7–12 Wk 1–6 Wk 7–12 Wk 1–6 Wk 7–12 
BG from diary 
cards (mmol/L) 8.3±1.9 8.3±1.9 8.0±1.9 8.2±1.5 8.4±2.0 8.4±1.7 

BG at clinic 
visits (mmol/L) 11.6±5.5 11.7±5.6 10.7±6.3 11.2±5.7 11.4±6.1 11.3±5.8 

GHb (%) 
 9.5±2.0 9.6±2.0 9.4±1.9 9.6±2.1 9.7±1.8 9.7±2.0 

Fructosamine 
� PRO�/� 419±84 433±83 429±95 428±89 436±96 440±85 

Diary card results represent pre-prandial samples while clinic results were taken randomly depending upon time of attendance 
at the hospital, thus clinic results are higher than those recorded by self-monitoring 
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Insulin dose changes 
The frequency at which patients altered insulin doses was extremely variable: 3.3 (median; range 0.03–11.8) dosage 
changes/wk. 
A significant increase was seen in frequency of changes during the 2 day x 4 tests/week protocol, compared with 1 day x 4 
tests/wk (p less than0.02) 
No significant relationship was seen between the frequency at which a patient altered insulin dosage and their metabolic 
control as estimated by mean GHb 
However, the lack of differences between 1 day x 4 tests/wk and 7 days x 2 tests / wk, fails to demonstrate clearly that 
alteration in frequency of blood glucose monitoring influences patient practice. 
Protocol preference 
At the final visit, of the 21 patients completing the study, 18 expressed a preference: 
9/18 patients preferred 2 days x 4 tests / wk; 6/18 preferred 1 days x 4 tests / wk; 3/18 preferred 7 days x 2 tests / wk 
These differences were not statistically significant 

Hierarchy of Evidence Grading Ib 

Comments Patients re-educated in insulin dose adjustment in relation to exercise, diet and prevailing blood glucose level at pre-trial visit. 
Patients instructed in completion of daily record diaries of SMBG, insulin dose adjustments and frequency and severity of 
hypoglycaemia. 
All patients required to achieve an accuracy of within 10% of laboratory results before inclusion into study.  
Patients reviewed at 6 week intervals when glycosylated haemoglobin, fructosamine, and blood glucose were estimated.  
Effects of exercise or alteration of diet on blood glucose were noted and appropriate alterations to insulin were again 
suggested.  
Patients actively encouraged to make further changes to either short- and long-acting insulin doses in response to self-
monitored blood glucose, and changes to insulin regimen in anticipation of exercise or changes to diet.  
Algorithms for altering insulin doses were not distributed as they would contravene routine patient management.   
Self-monitoring performed with BM-44 or Visidex reagent strips. Laboratory estimation of blood glucose was by the glucose 
oxidase method using Technicon RA 1000 Analyser. GHb measured by pH-dependent chromatography sing Quik-Sep Test 
System. Fructosamine measured by a nitroso-blue tetrazolium reduction assay. 
Laboratory variables and mean diary care blood glucose from each 6-week period were compared after 6 and 12 weeks. The 
three different monitoring regimens were compared irrespective of the order in which they were undertaken. 
Study contains insufficient power to show clinically important differences in results (n=21 at end of study) 
Dietary compliance, lifestyle and other factors affecting blood glucose concentrations not standardised across the study. No 
way of controlling for these confounding factors.  
Self-reporting of data leaves possibility of patient editing of results.  
Authors state: we have been unable to identify an optimal frequency for blood glucose self-monitoring in a typical diabetic 
population. There is little or no relationship between the frequency of blood glucose monitoring, the frequency of insulin dose 
adjustments and the level of metabolic control achieved 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Halimi S, Charpentier G, Grimaldi A, Grenier JL, Baut F, Germain B, Magnette J 2001 Effect of compliance, acceptability of 
blood glucose self-monitoring and HbA1c of a self-monitoring system developed according to patient wishes. Diabetes Metab 
27:681–387 

N= N=179: Group A: n=55, Group B: n=60, Group C: n=49 
France 

Research Design Randomised controlled trial  
Aim To assess which method of glucose self testing is most convenient to people with diabetes 
Population Type of diabetes not stated 
Intervention Group A: patients continued on original treatment 

Group B: patients were given the Glucotrend Premium and SoftClix II system 
Group C: patients were given the One Touch Profile Autolet system 

Comparison No inactive comparison 

Outcome Compliance  
Also: patient preferences, accuracy of monitoring 

Characteristics Age (years): Group A=35±15; Group B=39.2±16.2, Group C=45±15.1 
BMI (kg/m2): Group A=23.3±3.4; Group B=24.4±4.1, Group C=24.6±3.2 
Duration diabetes (years): Group A=14±8; Group B=13±9, Group C=16±10 

Results  143 patients completed the study.  
No significant differences were seen at baseline in any of the 179 patients, no serious adverse event was observed during the 
study. 
HbA1c (at M0): Group A=9.83±1.44; Group B=9.51.2±1.6, Group C=9.29±1.48 (non significant) 
Compliance 
At entry: Group A=29%, Group B=35% and Group C=47% 
After 3 months: Group A=83%, Group B=75% and Group C=71% 
After 6 months: Group A=65%, Group B=78% and Group C=68% 
In the three groups the number of measurements was increased at M3 and then M6 
Factors favourably influencing compliance 
Evaluated on the 10-point scale by decreasing order: lack of patient motivation, finger-prick pain, cost of tests amount of 
blood extracted and the complexity of the test.  
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No differences were seen between the three groups when assessed on this scale.  
HbA1c levels 
Within the three groups HbA1c levels progressively decreased during the 6 months of study.  
No significant difference in improvement was seen between the three groups although it was significant at the three time 
periods throughout the study. 
At three months: 0.3±0.9%, 0.7±1.2% and 0.64±0.9% for groups A, B and C respectively 
At six months: 0.6±1.1%, 0.9±1.2% and 1.0±0.9% respectively. 
Hypoglycaemic episodes 
The number of hypoglycaemic episodes per week were increased in groups B and C from 2.3±2.5 and 1.89±2.0 respectively at 
M0 to 7.9±14.0 and 7.6±18.0 respectively after 6 months. No change was seen in the control groups.  
Changes in insulin needs 
Total insulin requirement decreased in group B for both intermediate and rapid acting insulin (10 and 26% respectively) 
whereas no changes were seen in Groups A and C 
Accuracy of capillary blood glucose determinations  
The best correlation with laboratory (venous) and meter(capillary) measurements were found in group B (Pearson correlation 
coefficient:0.95 and 0.97 at M0 and M6 respectively). No significant differences were seen between meters at M3. 

Hierarchy of Evidence Grading Ib 

Comments Glucotrend designed from patient suggestions at focus groups, comprising an elaborated mechanism of finger-stick, reshaped 
lance to reduce pain and to produce a smaller blood drop, culminating in the SoftClix II system adapted to the Glucotrend 
glucose meter.  
The One Touch Profile Autolet system was introduced to reduce the ‘protocol effect’  which may otherwise skewed results in 
favour of the Glucotrend system. This Profile system contained only one of the requested characteristics—a memory function 
to evaluate compliance 
Patients randomly allocated by centre, each centre enrolling a multiple of three patients to maintain balance.   
Patients initially received identical education on the optimal use of glucose meters and finger-lancing devices, to test 4 times 
daily and to keep a specific diary to record the results. 
Study duration was for 6 months, HbA1c (determined using HPLC), total and short-acting insulin daily doses (IU/day), 
hypoglycaemic episodes (number/week), quality of practical determination of capillary blood glucose measurements (nurse 
assessments) were recorded at entry into the study (M0), and at 3 (M3) and 6 (M6) months.  
At entry patients filled in an acceptability questionnaire to precisely assess their opinion on the expected qualities of a SMBG 
system, and key components likely to be responsible for possible changes in compliance and metabolic control were recorded 
on a 10 point scale (1 unlikely to 10 very important). Patients also used a questionnaire and analogue scales to evaluate their 
judgement on the system of SMBG they currently used, its size, the fingerprick pain, global practicability, ease of use and 
time to display results.  
Compliance was assessed from either a blood glucose diary (Group A) or the results memorised in the monitor (B and C) 
The number of weekly hypoglycaemic episodes was noted and the monitor reading was compared to the result of laboratory 



National Collaborating Centre 
for Chronic Conditions 

Page 40 of 114 

venous blood glucose. 
Patients were analysed on an intention to treat basis 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Germer S, Campbell IW 1985 Home monitoring of blood glucose—patient preference for BM-test Glycemie 20-800 strips or 
glucometer. The British Journal of Clinical Practice 

N= N=32 in crossover design 
UK 

Research Design Randomised controlled trial  
Aim To assess which method of glucose self testing is most convenient to people with diabetes 
Population Type 1 diabetes 
Intervention Glucometer 
Comparison BM-Test Glycemie 20-800 strips 

Outcome Patient preference 
Characteristics (17 female, 15 male) age: 13–60 years, duration of diabetes: 6 months–32 years 

31 insulin treated patients, 1 patient controlled with oral hypoglycaemic drugs 
Results  Overall 30/32 patients preferred measuring blood sugar to urine testing and continued with home blood glucose monitoring 

after the study end. The remaining two patients were uncomfortable with pricking their fingers for blood samples.  
Average demonstration time: 
glucometer=30–40 min, for BM Glycemie strips=10 mins 
Clarity of instructions 
31 patients reported that instructions provided with the glucometer as clear. One 13 year old boy required further assistance 
with using the glucometer 
all patients reported instructions with the BM Glycemie strips as ‘clear’  
Convenience of use 
17 subjects reported BM Glycemie strips as more convenient. 14 patients felt the glucometer and strips were equally 
convenient. One patient found the glucometer more convenient, citing the built in timer as the main reason 
Number of tests to become confident with the technique 
BM Glycemie strips= 1–3 tests, Glucometer= 2–12 tests 
Advantages/disadvantages 
12 patients found the built in timer on the glucometer was an advantage compared to using a watch or clock with the BM 
Glycemie strips 
5 patients recorded difficulties in collaborating the glucometer and felt this was a disadvantage 
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11 patients had slight difficulties in matching the colours on the strips. Although this was only marked in two patients. 
One patient identified as red-green colour blind at the study outset expressed no difficulty in matching colours on the strips.  
Overall preference 
19 patients preferred the glucometer as a method of choice, 9 patients preferred using the strips and 4 patients had no 
particular preference 
Reasons for preferring glucometer (in order of frequency): more accurate, more confident of result, no decision required to be 
made to obtain result, could not match colours on BM Glycemie strip test, advantage of timer, not able to cheat with result, 
easier to put blood on the dextrostix 
The main reason for preferring the glucometer was more confidence in the result despite the fact that they were informed that 
both methods were equally accurate 
Reasons for preferring BM Glycemie (in order of frequency): Quicker, More convenient as no water required to clean strip, 
less complicated, more portable, less blood needed and easier to apply to strip 
Preference of own judgement of results rather than that of a machine, which could go wrong. 

Hierarchy of Evidence Grading Ib 

Comments Patients attended training at diabetic clinic in groups of 3, following which patients tested their own blood sugar under 
supervision 
Patients took demonstrated method home for a two week period and tested blood sugar for ���GD\V�SHU�ZHHN��IRXU�WLPHV�GDLO\ 
Most patients tested more frequently that required at the outset of the two week period to become experienced with the 
equipment 
After 2 weeks patients returned to the clinic and the alternative method was demonstrated and used for a further 2 weeks. 
At the end of the study discussion and a patient questionnaire was completed  
Glucometer depends on dextrostix read in a reflectance meter 
Method of patient selection not outlined. Source population not defined 
Randomisation of patients not outlined.  
More time spent educating patients in how to use the glucometer could influence patient confidence in test.  
More practice with glucometer in the initial stages of the trial may have lead to more accurate results and a resulting greater 
confidence in this test.  
Slightly more (6%) patients used the glycometer first compared to those testing the BM Glycemie strips first, which could 
influence patient decision.  
Follow-up period is very short 
No description provided for the type of questionnaire used, or whether this was a previously validated method of 
measurement. 
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National Collaborating Centre 
for Chronic Conditions 

Page 43 of 114 

 
 

 
 

Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Edelman SV, Callahan P, Deeb LC 2000 Multisite evaluation of a new diabetes self-test for glucose and glycated protein 
(fructosamine). Diabetes Technology and Therapeutics 2 (2):233–238 

N= N=116 
Research Design Diagnostic study 
Aim To evaluate eth accuracy of fructosamine testing in glucose self monitoring 
Population Mixed diabetes population 
Intervention Duet glucose test and Duet GlucoProtein (fructosamine) test strip 
Comparison reference standard 

Outcome Confirmation of accuracy of glucose and fructosamine testing 
Characteristics aged: 16–18 years; Gender (M/F): 31/28 (IDDM); 29/28 NIDDM 
Results  Blood glucose test: 

Following a precision study using a low (5.5mM) and high (15mM) control, coefficients of variation observed at each site 
were 5.7, 3.1 and 2.3% and 3.4, 3.2 and 6.6% for low and high controls respectively.  
Combined correlation data show a regression coefficient of 0.97.  
Bias analysis of the correlation study yielded a bias of 5%, –4%,–6%, and –8% at 5.5, 11.1, 16.7 and 22.2 mM respectively.  
Error Grid Analysis of this data shows that 100% of the test results fall in the A and B region with no results fall in the C, D, 
or E region where a test result could lead to improper therapeutic adjustment.  
 
GlucoProtein (fructosamine) test: 
Precision studies at each of the WKUHH�VLWHV�XVLQJ�D�ORZ����� PRO�/��DQG�KLJK����� PRO�/��FRQWUROV�FRQVLVWLQJ�RI�JO\FDWHG�
human serum albumin provided in the test kit from the manufacturer. Coefficients for variation were 10.3, 11.3 and 1.04% and 
9.4, 7.2 and 12.1% for the low and high controls respectively (manufacturer reports 2.2 to 2.5%. on labelling)  
Combined correlation data from all sites showed a correlation coefficient of 0.72 (manufacturer reports 0.77on labelling). 
Bias analysis of the correlation study yielded a bias of 9%, 4%,–2%, and –5% at fructosamine values of 250, 350, 450 and 550 
PRO�/��UHVSHFWLYHO\� 

Sensitivity analysis was performed according to the manufacturer provided fructosamine values that indicate poor control and 
good control, enabling a two-by-two Gaddis analysis to be performed: 
 

  Lab result 
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  Good control Poor control 
Good control 50 (TN) 0 (FN) Self-test result 
Poor control 4 (FP) 12 (TP) 

 
Sensitivity: TP/(FN+TP) = 100%; Specificity: TN/(TN+FP) = 92% 
Accuracy: TN+TP/(TN+TP+FN+FP)= 95%; Positive predicative value: TP/(TP+FN) = 75% ability to identify poor control; 
Negative predictive value: TN/(TN+FN)= 100% ability to identify good control 
 
Overall analysis: 
The blood glucose test gave excellent precision and correlation to the laboratory standard method, the error grid analysis 
showing 97.5% of test results lying within the accurate A zone, and only 2.5% in the clinically neutral or benign errors B 
zone.  
Fructosamine test results confirmed the home test as accurate and appropriate for patient care. The test gave reasonable 
correlation to the laboratory test with very low bias.  
The imprecision of the test is larger than the laboratory test (~10% CV), however, the self test is effective at identifying 
patients with good versus poor glycaemic control. 
The Duet System therefore accurately measures both glucose and fructosamine from fingerstick capillary blood 

Hierarchy of Evidence Grading DS 

Comments Fingerstick puncture capillary blood glucose was tested in duplicate using the YSI model 1500 and once with the Duet 
Glucose test. The Duet strip�UHTXLUHV��� /�RI�FDSLOODU\�EORRG�DQG�JLYHV�WHVW�UHVXOWV�LQ���WR����VHFRQGV��GHSHQGLQJ�RQ�WKH�
glucose concentration of the sample. 
)LQJHUVWLFN�SXQFWXUH�FDSLOODU\�EORRG�ZDV�WHVWHG�RQFH�ZLWK�WKH�*OXFR3URWHLQ�IUXFWRVDPLQH�WHVW�VWULS��7KH�VWULS�UHTXLUH���� /�Rf 
capillary blood and gives test results in 4 minutes. For comparison a venipuncture blood sample of ECTA plasma was 
collected and tested in duplicate using the Roche Unimate laboratory test 
It is implied that ‘self-tests’  were carried out by clinicians, rather than by the patients themselves.  
Authors suggest that self-testing could overcome the problems with lab fructosamine testing because the latter is hampered by 
the impracticalities of lab testing every two to three w 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Cefalu WT, Wang ZQ, Redmon E, Bell-Farrow AD, McBride D, King T 1999 Clinical validity of self-test fructosamine in 
outpatient diabetic management. Diabetes Technology and Therapeutics 1(4):435–441 

N= N=51 
USA 

Research Design Diagnostic study 
Aim To assess the usefulness of fructosamine testing in blood glucose management  
Population Mixed diabetes population 
Intervention Fingerstick capillary blood sample tested on the new self-test fructosamine meter 
Comparison Venipuncture for laboratory determination of serum fructosamine  

Outcome Measurement of fructosamine 
Characteristics Age 24–72; average: 53±2 (diabetics); 44 ±3 (controls) 

Gender (M/F): 18/15 (diabetics); 6/12 (controls)  
Fasting glucose (mmol/L): 13.1±0.9 (diabetics); 5.5±0.13 (controls) 
GHb (%): 12.2±0.1 (diabetics) 5.4±0.1 (controls) 
)UXFWRVDPLQH�� 0������������GLDEHWLFV����������FRQWUROV� 

Results  The fingerstick fructosamine demonstrated good correlation with laboratory assessment by venipuncture in controls and 
subjects with diabetes. 
Correlation of fingerstick fructosamine with laboratory fructosamine: r=0.80, pless than0.001 
Correlation of fingerstick fructosamine with glycated haemaglobin: r=0.81, pless than0.001 

Hierarchy of Evidence Grading DS 

Comments Subjects evaluated in a fasting state 
All patients in normal health assessed with patient history, physical and laboratory evaluation of complete blood counts, liver 
function, renal and electrolyte evaluations and urinary microalbumin. 
Meter capable of performing an 8-second glucose test and a measure of glycated protein (fructosamine). The coefficient of 
variation for the self-test, determined for two levels of glycaemia was less than 5.0% at each level. Glycated protein level is 
GHWHUPLQHG�RQ�FDSLOODU\�EORRG�DQG�PHDVXUHG�LQ�PLFURPROHV�RI�IUXFWRVDPLQH�SHU�OLWUH�� PRO�/��RI�EORRG. Results ������ PRO�/�
indicate good control, ����� PRO�/�LQGLFDWH�SRRU�FRQWURO 
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Stats analysed with Pearson coefficient and ANOVA where relevant 
Very strict exclusion criteria, thus conclusions may only be applicable to a subsection of the population covered by this 
guideline.  
No description of blinding of investigators 
Raw data only provided in abstract  
Reference standard test performed prior to ‘self-testing’ , so investigators potentially know outcome of one test prior to testing 
with the other.  
Study implies that fingerstick test was performed by the investigator rather than the patient, therefore not self-test 
Prospective study performed in type 2 diabetes patients only 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Maran A, Crepaldi C, Tiengo A, Grassi G, Vitali E, Pagano G, Bistoni S, Calabrese G, Santeusanio F, Leonetti F, Ribaudo M, 
Di Mario U, Annuzzi G, Genovese S, Ricardi G, Previti M, Cucinotta D, Giorgino F, Bellomo A,, Giorgino R, Poscia A, 
Varalli M 2002 Continuous subcutaneous glucose monitoring in diabetic patients. Diabetes Care 25:347–352 

N= N=70 
Italy 

Research Design Case series 
Aim To assess the usefulness of continuous glucose monitoring 
Population Mixed diabetes population 
Intervention Continuous glucose monitoring suing a subcutaneous glucose sensor (Glucoday)   
Comparison Venous blood glucose measurement 

Outcome Efficacy and accuracy of new glucose sensor  
Characteristics Type 1 diabetes = 43, Type 2 diabetes = 32 

Sex M/F: 32/38 Age: 47±17 years; BMI=24.9±3.2 kg/m2 ; retinopathy in 43%, nephropathy in 15% and neuropathy in 34% 
Results  Withdrawals 

60/70 patients successfully completed the 24 h monitoring and were analysed by an independent statistician 
In 1 patient monitoring was interrupted after a few hours due to vagal reaction; in 7 patients data were not correctly transferred 
to the computer unit and could not be analysed; In 2 patients venous blood samples were not collected.  
 
Acceptability 
Fibre insertion and the wearing of the device were well tolerated by all patients. Just over 50% of patients reported mild pain 
sensation during fibre insertion, and just under 50% reported mind discomfort during normal daily activities throughout the 
monitoring period 
No complications at the site of implantation were observed 
 
Blood glucose monitoring 
Subcutaneous glucose concentrations were well correlated with plasma levels: (r=0.9, r2=0.817, p less than0.001) 
Venous blood measurement showed 5.5% of values in the hypoglycaemic range 
Error grid analysis findings showed 97% of values were either totally exact (�����GHYLDWLRQ��RU�����DERYH�RU�EHORZ�WKH�
reference venous blood glucose values. Values that fall within this range are clinically acceptable 
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Only three percent of patients values deviated outside this acceptable range to a point at which they deviated to a level that 
may be potentially dangerous with the possibility of making clinically significant mistakes. 
Bias percentage from reference was –2% in the hypoglycaemic range, 6.9% in the euglycaemic range and 11.2% in the 
hyperglycaemia range. 
Chi-squared heterogeneity test between the two blood glucose measuring techniques showed good correlation (p less 
than0.001) between the two methods 

Hierarchy of Evidence Grading III 

Comments Patients hospitalised for 24 h 
System takes glucose measurement every second and stores an average value every 3 min. Data can be visualised 
continuously through an infrared communicating port and downloaded on to a PC to enable observance of glucose profiles 
over a 24 hour continuous monitoring period. 
Nine venous blood samples collected during the 24 hour period: 1 hour after insertion (usually in the morning) ; before lunch; 
1, 2 and 3 h after lunch; before dinner; 2 h after dinner and at 3 am and 1 am on the next day. 
At study completion patients completed a questionnaire, ranking discomfort and pain during monitoring on a linear analogue 
scale 
Final patient questionnaire not previously validated 
No details of patient selection, exclusions on account of demographic data, or comparison with available population. 
Results were analysed by an independent statistician 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gross T, Ter Veer A 2000 Continuous glucose monitoring in previously unstudied population subgroups. Diabetes technology 
and therapeutics 2: S27–S34 

N= 238 
Research Design Case series 
Aim To evaluate the replicability of continuous blood glucose monitoring in a range of population subgroups 
Population Mixed diabetes population 
Intervention Continuous glucose monitoring system (CGMS) patients recorded capillary blood glucose levels 
Comparison Not applicable 

Outcome Accuracy of monitoring system measured by blood glucose values. 
Characteristics Sex (M/F): 102/136; Age (mean): 35.6±16.8 years; IDDM = 83%; duration of diabetes: 15.4±10.7 years; HbA1c:7.9±1.6% 
Results  Overall there was excellent agreement between the paired sensor and meter readings (correlation coefficient = 0.91) 

Median absolute percent difference = 12.6%  
 
Evaluated by demographic subgroups 
Correlation coefficient for each demographic subgroup was well above the cut-off criteria used by the CGMS software to 
identify optimal sensor calibration accuracy. (�������� 
No statistically significant differences in correlation coefficients were seen when comparing adult to paediatric patients, 
Caucasian to non-Caucasian patients, or patients with and without chronic illnesses.  
Patients with type 2 diabetes had a statistically lower correlation coefficient when compared to patients with type 1 diabetes 
(r=0.88vs.0.91, p=0.04), as did pregnant vs. non-pregnant subjects (r=0.84 vs. 0.90, p=0.0001) 
Percentage differences in each of the subgroups were well below the 28% cut off criteria for optimal accuracy.  
Statistically significant differences were only seen between patients with type 1 and type 2 diabetes (12.6% vs. 10.6%, 
p=0.001), and pregnant patients had a statistically higher percentage difference between results compared to non pregnant 
females (16.1 vs. 12.6%, p=0.0001) 

Hierarchy of Evidence Grading III 

Comments Physicians and their staff were given an orientation in CGMS and provided with all the necessary equipment. 
Patients were asked to take ����ILQJHUVWLFNV�GD\�XVLQJ�WKHLU�RZQ�KRPH�EORRG�JOXFRVH�PHWHUV�DQG�WR�HQWHU�WKH�UHDGLQJV�LQWR�WKH�
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CGMS monitor.  
Patients wore the CGMS at home for 3 days, at the end of which they returned to the medical office to have the sensor 
removed and the data downloaded and interpreted.  
Interpretation of data was performed by the healthcare provider.  
Each physician then returned the CGMS downloaded data along with anonymous demographic data and sensore insertion 
records, to the device manufacturer 
Absolute percent difference between each meter reading and its paired sensor reading for each subject 
Post marketing study  
Data evaluated by manufacturer, not by individual physicians.  
No details of validation of manufacturers results 
No raw data provided. All statistics are cumulative, no details given of individual patient results 
Results of CGMS performance statistics can be strongly influenced by the level and range of standard blood glucose meter 
values used to calculate them. 
Same meters are used to calibrate and evaluate the CGMS technique. 
No details given of timing of meter readings taken by the patients.  
No data given of whether patients continued with CGMS (as they were given the option to) after study completion 

Reference / Citation  110 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gross TM, Bode BW, Einhorn D, Kayne DM, Reed JH, White NH, Mastrototaro JJ 2000 Performance evaluation of the 
MiniMed continuous glucose monitoring system during patient home use. Diabetes Technology and Therapeutics 2(1):49–56 

N= N=135 
USA 

Research Design Case series 
Aim To evaluate the accuracy of continuous monitoring systems 
Population Mixed diabetes population 
Intervention MiniMed continuous glucose monitoring system 
Comparison  Self-monitoring blood glucose  

Outcome Accuracy of CGMS, measured by correlation of blood glucose results 
Characteristics Age: 40.5±14.5 (4–70) years; duration of diabetes: 18.0±9.8 (0.8–42.8 years); IDDM = 87% 
Results  On average patients used CGMS for 4.2±2.0 (1–18) days 

2726 SMBG readings were available for pairing with sensor readings 
Blood glucose profiles demonstrated a close agreement between meter readings and the CGMS profile 
Overall correlation for the CGMS in a home setting was 0.91 
Overall bias between the sensor and meter readings were –3.2±33.7mg/dl, mean absolute difference = 18.0±19.8% 
For SMBG ����PJ�GO�PHDQ�GLIIHUHQFH� ������������60%*�EHWZHHQ����DQG���� mg/dl mean difference = 0.00±28.26, for 
SMBG greater than180 mean difference = –12.83±41.51 
96.2% of readings fell within a clinically acceptable error range 

Hierarchy of Evidence Grading III 

Comments Data received from 8 clinical sites 
Patients wore the CGMS at home for ����GD\V 
Patients took ����60%*�PHDVXUHPHQWV�HDFK�GD\�XVLQJ�WKHLU�RZQ�KRPH�EORRG�JOXFRVH�PHWHUV��VWDUWLQJ����K�DIWHU�LQVWHUWLRQ�RI�
the CGMS monitor. 
Data was downloaded by physicians at the end of 3 days.  
Each clinical site completed a demographic questionnaire and returned the form along with the CGMS data download to the 
device manufacturer 
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No restrictions were placed on the participating physicians selection of patients, the reason for prescription, not the conditions 
of use.  
Authors state that initial orientation on the use of CGMS was given to each clinical site by either clinical research or 
marketing personnel, however, no formal study procedure was dictated. 
Demographic form for patient returned to the manufacturer along with CGMS download results 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Ellison JM, Stegmann JM, Colner SL,. Michael RH, Sharma MK, Ervin KR, Horwitz DL 2002 Rapid changes in postprandial 
blood glucose produce concentration differences at finger forearm and thigh sampling sites. Diabetes Care 25:961–964 

N= N=42 
USA 

Research Design Case series 
Aim An assessment of the replicability of blood glucose testing at various body sites 
Population Type of diabetes not recorded 
Intervention Capillary blood glucose concentrations measured at the forearm and thigh, using a blood glucose monitoring system and 

technician-obtained samples. 
Comparison Finger samples (verified with a laboratory instrument). 

Outcome Accuracy and reproducibility of testing at different sites. 
Characteristics Sex (M/F): 15/23; Age: 48.1±12.3 years; diabetes type (1/2): 13/25; BMI: 30.7±6.8 kg/m2 
Results  Laboratory evaluation before the study demonstrated strip-to-strip coefficients of variation of less than4% at blood glucose 

concentrations of ~40, 80, 250 and 450 mg/dL 
In both phases meter finger results at all time points were closely matched with the corresponding YSI plasma results.  
All sampling sites showed a large increase in blood glucose after the meal, followed by a levelling and a gradual decline 
thereafter 
Finger glucose concentrations peaked during the 90 min session, whereas forearm and thigh concentrations peaked at around 
120 min and at a lower glucose concentration. 
In each phase, between subject glucose variations were substantial yet consistent in magnitude across the three sampling sites 
at each time point.  
Repeated measures ANOVA for mean glucose showed statistically significant differences (p less than0.05) among sampling 
sites at 60 min. Differences for all other sampling sites and time points were not statistically significant.  
 
Analyses of covariates 
Analyses of the covariates of age, BMO, test time (am/pm), diabetes type, and insulin dependence, suggested that site 
differences were more pronounced in older subjects (greater than40 years), testing in the morning, and non-insulin treated 
patients. None of these differences were statistically significant. 
 Diabetes type and BMI did not have a consistent effect on site differences.  
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Percentage differences between sites 
Data suggests that the sign and magnitude of the forearm and thigh percentage differences might be related to the direction 
and rate of blood glucose changes 
At higher rates pf blood glucose change the differences between finger and alternate site blood glucose concentrations became 
greater.  
Linear regression analysis supports the observed relationship for both forearm (r=0.56, pless than.0001) and thigh (r=0.52, 
pless than0.001) percentage differences. 

Hierarchy of Evidence Grading III 

Comments Subjects provided relevant demographic medical, and dietary information; maintained normal diet and medication practices; 
acted as a source of blood samples for technician-performed tests 
Each phase consisted of six testing sessions (pre-meal and~60, 90, 120, 150 and 180 min post meal) in which subjects were 
tested with a glucose monitoring system using finger, forearm and thigh blood samples. 
Testing sessions scheduled to minimize impact on daily diabetes management regimes 
Items consumed by each subject at each meal were documented. Total carbohydrate content for breakfast=~226g and ~143 g 
for lunch. 
Skin punctures and glucose tests performed by trained technicians. Order of sites tested was varied between subjects, with 
minimal elapsed time between sites. 
Finger and forearm samples were collected from the same arm, the choice of arm varying between sessions. 
Meter system accuracy verified by comparing meter finger results with the corresponding Plasma glucose values 
Testing sessions were identified as nominal time points however, actual times between testing sessions varied slightly from 
subject to subject. 
Forearm and thigh sites were rubbed vigorously for several seconds to promote adequate blood flow, aided by a warming pad 
if necessary.  
Between-subject mean glucose concentrations at three sampling sites were compared using repeated measures ANOVA 
Glucose concentration differences between alternate sites (forearm and thigh) and finger meter measurements were calculated 
as percentage differences for each subject 
No details given of selection of patients 
No raw data given in results.  
Authors conclusion: Glucose values measured at forearm and thigh sampling sties might lag behind values obtained from the 
finger when glucose levels are changing rapidly. This lag may produce significant difference in blood glucose concentrations 
measured at these sites 

Reference / Citation   
 
 



National Collaborating Centre 
for Chronic Conditions 

Page 55 of 114 

 
 

 
  
Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Lock PJ, Szuts EZ, Malomo KJ, Anagnostopoulos A 2002 Whole-blood glucose testing at alternate sites. Diabetes Care 
25:337–341 

N= N=50 
USA 

Research Design Case series 
Aim An assessment of the replicability of blood glucose testing at various body sites 
Population Mixed diabetes population 
Intervention Finger tip testing 
Comparison Forearm testing 

Outcome Accuracy of testing at different sites measured in blood glucose and haemoglobin (Hb) concentration results 
Characteristics Sex (F): 50%; Age: 45.4±11.3 (18–65) years; Duration of diabetes: 17.9±11.4 years; Type 1 diabetes: 52%; % Type 2 diabetes 

on insulin treatment: 54.2%; BMI: 27.9±5.5 kg/m2; HbA1c:8.2±1.8% 
Results  Haemoglobin concentrations 

Significant variation in Hb concentration was found between the capillary beds of the forearm and fingertip.  
For all subjects Hb concentration in the arm was 15.7±1.8 g/dl, ~1.7 g/dl higher than in the fingertip (14.0±1.9 g/dl). This 
difference was not significant because interperson variability masks individual bias.  
When intraperson differences were calculated, this difference becomes significant.   
Approximately 90% of subjects had a higher Hb concentration in their arm than their fingertip. 
 
Glucose concentrations 
Mean difference for all participants between arm and finger blood glucose concentrations = –0.1% (measurement errors ~8%) 
Mean difference in subjects whose glucose concentrations varied ���PJ�GO� �–1±6%; ����PJ�GO� �–0.9±6% and greater 
than18 m/dl = 2±10% 
Differences between sites was small and insignificant 

Hierarchy of Evidence Grading III 

Comments In each patient the fingertip was lanced for initial assay with YSI; Forearm was lanced twice for consecutive assays of glucose 
DQG�+E�FRQFHQWUDWLRQ��)LQJHUWLS�ODQFHG�RQFH�DQG�a���� O�EORRG�FROOHFWHG�IRU�JOXFRVH�DQG�+E�DVVD\V� 
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The second two steps were then repeated twice so each assay was performed in triplicate. Mean of triplicates were used to 
calculate each subjects percent of glucose difference between arm and finger  
A final finger lancing for repeat glucose assay with the YSI analyser 
Assays were performed by two trained operators so that interperson variability was minimized. 
Control experiments were conducted to evaluate the contribution of various physical factors of equipment that might alter 
results during vacuum collection. Results indicated no significant effect on the outcome of these experimental techniques. 
Assays performed by trained operators 
Results taken in triplicate 
Because of the order in which replicates were collected, the two sites were equally affected by time-dependent changes, e.g. 
glucose drift. Thus mean values in these results should reflect the effects of intrinsic factors, if any, that could alter local 
glucose concentrations. 
Analysis was performed using the entire data set, with none of the data removed.  
No details given of rationale for recruitment of subjects into the study 
No exclusion/inclusion criteria are stated  
Neither intraperson differences nor measurement errors are provided for glucose measurements 

Reference / Citation   
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Jungheim K, Koschinsky T 2002 Glucose monitoring at the arm. Diabetes Care 25:956–960 

N= N=17 
Germany 

Research Design Case series 
Aim An assessment of the replicability of blood glucose testing at various body sites 
Population Mixed diabetes population 
Intervention Capillary blood glucose samples analysed with approved SMBG devices in capillary blood taken from the fingertip 
Comparison Samples from  the forearm. 

Outcome Accuracy of blood glucose testing 
Characteristics Sex (M/F): 15/2; Age: 20–59 years (median 38); Type 1 diabetes n=13; Duration of diabetes: 2 weeks–28 years (median 13 

years); no complications in 12 patients; retinopathy n=5; sensorimotor neuropathy n=2; microalbuminuria n=2, impaired 
hypoglycaemia awareness n=5 

Results  Blood Glucose values 
No relevant differences between blood glucose values were seen at the finger and forearm at baseline (7.7 vs. 6.5 mmol/l, 
p=0.06) 
30–90 min after ingestion of glucose the rate of increase in blood glucose measured at the fingertip = 0.13±0.03 mmol/l/min. 
The individual maximal difference in blood glucose between the forearm and finger was 4.7 mmol/l. 
The decrease in blood glucose at the fingertip was also consistently larger than that at the forearm (15.0 vs. 12.0 mmol/l, p less 
than0.001) 
An individual maximal difference in blood glucose between forearm and finger of 5.4 mmol/l was observed 15–75 min after 
administration of insulin.  
At the first hypoglycaemic fingertip blood glucose value (�����PPRO�O�������RI�IRUHDUP�EORRG glucose values were �����
mmol/l 
During the increase and decrease parts, blood glucose at the forearm was lagging behind blood glucose at the fingertip by a 
median of 27 min (6—91, p less than0.001), 35 min (22–67, p less than0.001) and 34 min (27–35, p less than0.05) at 14.p, 5.5 
and 3.5 mmol/l respectively. 
Forearm rubbing 
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A significant difference was seen following rubbing of the forearm in the eight patients in which this was performed.  
On average the maximal difference between forearm and finger was reduced during the increase part from 4.5±0.7 to 3.1±1.1 
mmol/l (p less than0.05) and during the decrease part from 4.8±1.1 to 3.0±0.9 mmol/l (p less than0.001) 

Hierarchy of Evidence Grading III 

Comments Recruitment of patients for testing was independently made by the caring physicians. Three patients from the original 
population refused to participate in this study due to the required additional BG sampling. 
Additional capillary whole blood samples were collected from the fingertip in parallel to the SMBG device and analysed in 
the laboratory. 
Laboratory values matched the respective fingertip values measured with the examined SMBG devices. 
Technical performance of all blood glucose monitors was evaluated and was within the limits expected for all SNBG devices 
of relative glucose deviation.  
Blood samples were collected in parallel (within 3 min) from the fingertip and the forearm every 15 min. 
Forearm skin was not rubbed before BG sampling, as recommended by some manufacturers, to avoid any disturbance of the 
normal regional blood flow. (except in a subgroup of patients (n=8) in which additional samples were taken from the other 
forearm after rubbing for 5–10s) 
Capillary blood samples collected by a trained research nurse 
No inclusion/exclusion criteria for patients. 
Very small study sample. 
Authors conclude that blood glucose testing at the forearm under metabolic steady-state conditions (e.g. fasting/pre-prandial 
state) can be a reliable and valuable alternative to blood glucose testing at the finger tip. However during rapid blood glucose 
changes the forearm should no be used for testing due to risky delays in detection of hypoglycaemia. 

Reference / Citation   
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6.3 Dietary management 
 

 
  

Q11. What dietary advice should be given to adults with Type 1diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

Evidence Based nutrition principles and recommendations for the treatment and prevention of diabetes and related 
complications. American Diabetes Association. Diabetes Care, volume 26, supplement 1, January 2003 

N= N/A 
Research Design Evidence based guidelines 
Aim To improve diabetes care by increasing the awareness of clinicians and persons with diabetes about beneficial nutrition 

therapies. 
Population Type 1 diabetics  
Intervention 2002 technical review and 2003  positioning statement provide principles and recommendations classified according to the 

level of evidence available using the American Diabetes Association evidence grading system. 
Comparison N/A 

Outcome N/A 
Characteristics N/A 
Results  CARBOHYDRATES AND DIABETES 

Recommendations 
A-Level evidence 
Foods containing carbohydrate from whole grains, fruits, vegetables and low-fat milk should be included in a healthy diet 
With regard to the glycaemic effects of carbohydrates, the total amount of carbohydrate in meals or snacks is more important 
than the source or type 
As sucrose does not increase glycaemic to a greater extent than isocaloric amounts of starch, sucrose and sucrose-containing 
foods do not need to be restricted by people with diabetes; however, they should be substituted for other carbohydrate sources 
or, if added, covered with insulin or other glucose lowering medication. 
Non-nutritive sweeteners are safe when consumed within the acceptable daily intake levels established by the Food and Drug 
Administration 
B Level Evidence 
Individuals receiving intensive insulin therapy should adjust their pre-meal insulin doses based on the carbohydrate content of 
meals 
Although the use of low-glycaemic index food may reduce postprandial hyperglycemia, there is not sufficient evidence of 
long-term benefit to recommend use of low-glycaemic index diets as a primary strategy in food/meal planning 
As with the general public, consumption of dietary fibres is to be encouraged; however, there is no reason to recommend that 
people with diabetes consume a greater amount of fibre than health people. 
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C Level Evidence 
Individuals receiving fixed daily insulin doses should try to be consistent in day-to-day carbohydrate intake 
Expert Consensus 
Carbohydrate and monounsaturated fat together should provide 60-70% of energy intake. However, the metabolic profile and 
need for weight loss should be considered when determining the monounsaturated fat content of the diet. 
Sucrose and sucrose-containing foods should be eaten in the context of a health diet. 
 
PROTEIN AND DIABETES 
Recommendations 
B-Level evidence 
For persons with diabetes, especially those not inoptimal glucose control, the protein requirement may be greater than the 
Recommended Dietary Allowance, but not greater than usual intake 
Expert Consensus 
For persons with diabetes, there is no evidence to suggest that usual protein intake (15-20% of total daily energy) should be 
modified if renal function in normal. 
The long-term effects of diets high in protein and low in carbohydrates are unknown. Although such diets may produce short-
term weight loss and improve glycaemia, it has not been established that weight loss is maintained long-term. The long-term 
effect of such diets on plasma LDL cholesterol is also a concern. 
 
DIETARY FAT AND DIABETES 
Recommendations 
A-Level evidence 
Less than 10% of energy intake should be derived from saturated fats. Some individuals (ie persons with LDL cholesterol 
greater than 100mg/dl) may benefit from lowering saturated fat intake to less than7% of energy intake 
Dietary cholesterol intake should be less than300mg/day. Some individuals (ie persons with LDL cholesterol greater than 
100mg/dl) may benefit from lowering dietary cholesterol to less than200mg/day 
B-Level Evidence 
To lower LDL cholesterol, energy derived from saturated fat can be reduced if weight loss is desirable or replaced with either 
carbohydrate or monounsaturated fat when weight loss is not a goal. 
Intake of trans-unsaturated fatty acids should be minimized 
reduced fat diets when maintained long-term contribute to modest loss of weight and improvement in dyslipidemia 
C-Level evidence 
Polyunsaturated fat intake should be ~10% of energy intake 
 
ENERGY BALANCE AND OBESITY 
RECOMMENDATIONS 
A-Level evidence 
 In insulin-resistant individuals, reduced energy intake and modest weight loss improve insulin resistance and glycemia in the 
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short-term 
Structured programs that emphasise lifestyle changes, including education, reduced fat (30% of daily energy) and energy 
intake, regular physical activity, and regular participant contact, can produce long-term weight loss on the order of 5-7% of 
starting weight 
Exercise and behaviour modification are most useful as adjuncts to other weight loss strategies. Exercise is helpful in 
maintenance of weight loss. 
Standard weight reducation diets, when used alone, are unlikely to produce long-term weight loss. Structured intensive 
lifestyle programs are necessary. 
 
MICRONUTRIENTS AND DIABETES 
Recommendations 
B-Level Evidence 
There is no clear evidence of benefit from vitamin or mineral supplementation in people with diabetes who do not have 
underlying deficiencies. Exceptions include folate for prevention of birth defects and calcium for prevention of bone disease. 
Routine supplementation of the diet with antioxidants is not advised because of uncertainties related to long term efficacy and 
safety. 
 
ALCOHOL AND DIABETES 
Recommendations 
B-Level Evidence 
 If individuals choose to drink alcohol, daily intake should be limited to one drink for adult women and two drinks for adult 
men. One drink is defined as 12oz of beer, 5 oz of wine or 1.5oz of distilled spirits. 
To reduce hypoglycemia, alcohol should be consumed with food. 
 
SPECIAL CONSIDERATIONS FOR TYPE 1 DIABETES 
For persons receiving intensive insulin therapy, the total carbohydrate content of meals (and snacks) is the major determinant 
of the premeal insulin dose and postprandial glucose response. 
For persons receiving fixed insulin regimens and not adjusting premeal insulin doses, consistency of carbohydrate intake is 
recommended. 
Imrpoved glycemic control with insulin therapy is often associated with increased body weight. Because of the potential for 
weight gain to adversely affect glycaemia, lipids and blood pressure and general health, prevention of weight gain is desirable. 
Although the carbohydrate content of the meal determines tha premeal insulin dose, attention should also be paid to total 
energy intake from protein and fat. 
For planned exercise, reduction in insulin dosage may be the preferred choice to prevent hypoglycaemia. Additional 
carbohydrate may be needed for unplanned exercise. Moderate intensity exercise increases glucose uptake by 2-3mg/kg/min 
above the usual requirements. thus a 70kg person would need 8.4-12.6 g(10-15) carbohydrate per hour of moderate physical 
activity. More carbohydrate would be need for intense activity. 
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MEDICAL NUTRITION THERAPY FOR THE TREATMENT/PREVENTION OF ACUTE COMPLICATIONS OF 
DIABETES AND CO-MORBID CONDITIONS 
Recommendations 
A-Levels Evidence 
Glucose is the preferred treatment for hypoglycemia, although any form of carbohydrate that contains glucose may be used. 
B-Level Evidence 
Ingestion of 15-20g of glucose is an effective treatment, but blood glucose may only be temporarily corrected 
During acute illnesses, testing blood glucose and blood or urine for ketones, drinking adequate amounts of fluids and 
ingesting carbohydrate are important. 
Expert Consensus 
Initial response to treatment for hypoglycaemia should be seen in ~10-20 minutes; however, blood glucose should be 
evaluated again in ~60 minutes, as additional treatment may be necessary. 
 
HYPERTENSION 
Recommendations 
A-Level evidence 
In both normotensive and hypertensive individuals, a reduction in sodium intake lowers blod pressure 
A modest amount of weight loss beneficially affects blood pressure. 
Expert Consensus 
The goal should be to reduce sodium intake to 2400mg (100mmol) or sodium chloride (salt) to 6000mg/day 
 
DYSLIPIDAEMIA 
Recommendations 
B-Level evidence 
For persons with elevated plasma LDL cholesterol, saturated fatty acids and trans-saturated fatty acids shoud be limited to less 
than10% and perhaps to less than7% of energy 
For persons with elevated plasma triglycerides, reduced HDL cholesterol and small dense LDL cholesterol (the metabolic 
syndrome), improved glycemic control, modest weight loss, dietary saturated fat restriction, increased physical activity and 
incorporation of monounsaturated fats may be beneficial. 
Expert consensus 
Energy derived from saturated fat can be reduced if weight loss is desirable or replaced with either carbohydrates or 
monounsaturated fats if weight loss is not a goal. 
 
NEPHROPATHY 
Recommendations 
C-Level Evidence 
In individuals with microalbuminuria reduction of protein to 0.8-1g/kg body weight per day and in individuals with overt 
nephropathy, reduction to 0.8g/kg body weight/per day may slow the progression of nephropathy 
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CATABOLIC ILLNESS 
Recommendations 
Expert Consensus 
The energy needs of most hospitalised people can be met by providing 25-35kcal/kg body weight 
Protein needs are between 1 and 1.5 g/kg body weight; the higher end of the range being for more stressed people. 
 
CARDIOVASCULAR PROTECTION 
Efficacy 
Meta-analysis and large-scale collaborative trials in men and women with diabetes support the view that low-dose aspirin 
therapy should be prescribed as a secondary prevention strategy, if no contraindications exist.  
Substantial evidence suggests that low-dose aspirin therapy should also be used as a primary prevention strategy in men and 
women with diabetes who are at a high risk for cardiovascular events. 
The Anti-platelet Trialists reported a meta-analysis of 145 prospective controlled trials of antiplatelet therapy in men and 
women after MI, stroke, or positive cardiovascular history. 
 Vascular events were about a quarter in each of these categories in people treated with aspirin. Diabetic subjects had risk 
reductions comparable to non-diabetic individuals.  
A trend toward increased risk reductions with doses of aspirin of �����PJ�GD\ 
An estimated 38±12 vascular events per 1000 diabetic patients would be prevented if they were treated with aspirin as a 
secondary prevention strategy 
Results were comparable between men and women. 
The Early Treatment Diabetic Retinopathy Study studied type 1 and type 2 diabetic men and women in which ~48% had a 
history of cardiovascular disease.  
Relative risk for myocardial infarction in the first 5 years in those randomised to aspirin therapy was lowered significantly to 
0.72 (CI:0.55–0.95) 
Hypertension Optimal Treatment trial (HOT) randomised 18790 patients (1501 with diabetes) to achieve blood pressure goals 
of 980, 85 or 80 mmHg to aspirin (75 mg/day) or placebo.  
Aspirin significantly reduced cardiovascular events by 15% and MI by 36%. 
Results in diabetic patients were similar to those without diabetes 
Fatal bleeding including intracerebral bleeding were equal in aspirin and control groups, whereas nonfatal minor bleeding 
episodes were more common in patients receiving aspirin. 
The US Physicians’  Health Study was a primary prevention trial which compared low-dose aspirin (325 mg every other day) 
with placebo in male physicians.  
A 44% risk reduction was seen in the treated group over the total population 
Subgroup analysis of people with diabetes showed a reduction in MI from 10.1% (placebo) to 4.0% (aspirin), yielding a 
relative risk of 0.39 for men with diabetes randomised to aspirin therapy. 
 
Safety 
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Several prospective studies have revealed a trend for an increase in haemorrhagic stroke, but this has not reach statistical 
significance 
Contraindications to aspirin therapy include allergy, bleeding tendancy, anticoagulant therapy, recent grastrointestinal 
bleeding a clinically active hepatic disease.  
The ETDRS showed no association of aspirin with an increased risk for retinal or vitreous haemorrhage. 
No clinically significant effect has been demonstrated on renal function or blood pressure control 
 
Dosage 
The Anti-platelet Trialists meta-analysis, explored the results of various doses of aspirin, alone or in combination with other 
antiplatelet agents including dipyridamole and sulfinpyrazone. 
Risk reductions of 21+4% were seen in cardiovascular events in 30 trials of aspirin 500–1500 mg/day, greater risk reductions 
of 29±7% were seen in 5000 patients in whom doses of 75 mg/day aspirin was used.  
Comparable risk reductions of 28±3% were seen in 12 trials in which doses of 160–325 mg/day were used. 
No evidence was found for an additive effect of combinations of aspirin with other antiplatelet drugs, compared to aspirin 
alone. 
 
Special considerations 
The Antiplatelet trialists meta-analysis provided sample sizes that were adequate to compare aspirin’ s efficacy in a variety of 
patients.  
Absolute benefit of aspirin was greater among those at high risk (>65 years, diastolic hypertension, diabetes) 
No differences were seen in the responses in men and women 
Case-control studies have shown that the use of one to six  aspirin’ s a week is associated with a reduced risk for MI in women.  
The large CAPRIE study showed clopidogrel (75 mg) was slightly more effective than aspirin (325 mg) in reducing the 
combined risk of stroke, MI, or vascular death in diabetic and nondiabetic subjects. 
In secondary analyses aspirin has been shown to lessen the beneficial effects of ACE inhibitors in patients with established 
CVD, thus alternative antiplatelet agents should be considered in these patients, although more definitive results are needed to 
confirm this effect. 
 
Recommendations 
Use aspirin therapy as a secondary prevention strategy in diabetic men and women who have evidence of large vessel disease.  
This includes diabetic men and women with a history of myocardial infarction, vascular bypass procedure, stroke or transient 
ischaemic attach, peripheral vascular disease, claudication, and/or anigna 
In addition to treating the primary cardiovascular risk factor(s) identified, consider aspirin therapy as a primary prevention 
strategy in high-risk men and women with type 1 or type 2 diabetes.  
This includes diabetic subjects with the following: 
A family history of heart disease 
Cigarette smoking 
Hypertension 
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Obesity (>120% desirable weight); BMI >27.3 kg/m² in women, >27.8 kg/m² in men. 
Albuminuria (micro or macro) 
 
Lipids: 
Cholesterol >200 mg//dl 
LDL cholesterol ������PJ�GO 
HDL cholesterol <45 mg/dl in men and <55 mg/dl in women 
Triglycerides >200 mg/dl 
 
Use enteric-coated aspirin in doses of 81–325 mg/day 
People with aspirin allergy, bleeding tendency, anticoagulant therapy, recent gastrointestinal bleeding, and clinically active 
hepatic disease are not candidates for aspirin therapy. 
Aspirin therapy should not be recommended for patients under the age of 21 years because of the increased risk of Reye’ s 
syndrome associated with aspirin use in this population. 

Hierarchy of Evidence 
Grading 

1a 

Comments Level A – Clear evidence from well-conducted, generalizable, randomize controlled trials 
Level B – Supportive evidence from well-conducted cohort studies 
Level C – Supportive evidence from poorly controlled or uncontrolled studies. 

Reference / Citation  
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Q11. What dietary advice should be given to adults with Type 1diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

Amiel S, Beveridge S, Bradley C, et al. Training in flexible, intensive insulin management to enable dietary freedom in people 
with type 1 diabetes: Dose adjustment for normal eating (DAFNE) randomised controlled trial.  British Medical Journal 
2002;325:746-749 

N= N= 169 Location = UK Site= 3 sites  
Research Design Randomised prospective trial 
Aim To examine the effect of a course teaching flexible intensive insulin treatment combining dietary freedom and insulin 

adjustment cam improve both glycaemic control and quality of life in type 1 diabetics. 
Population Type 1 diabetics with moderate or poor glycaemic control 
Intervention Training undertaken immediately - Five day outpatient program providing skills to enable people to replace insulin by 

matching it to desired carbohydrate intake on meal by meal basis. (Immediate DAFNE) 
Comparison Standard care and delayed training 6 months later. (Delayed DAFNE) 

Outcome glycated haemoglobin, severe hypoglycaemia, impact of diabetes on quality of life 
Characteristics Baseline of people detailed in another BMJ article 

 
Inclusion – people greater than18 yrs of age, clinical features of diabetes, moderate or poor glycaemic control (HbA1c 7.5-
12%) and duration of diabetes more than two years without advanced complications. 

Results  HbA1c (%) 
At six months, HbA1c was significantly improved in the immediate DAFNE group compared with the delayed DAFNE group 
(clinically important mean improvement of 1%) 
Immediate DAFNE 
Baseline – 9.4 (1.2) 
6 months – 8.4 (1.2) 
Delayed DAFNE 
Baseline – 9.3 (1.1) 
6 months – 9.4 (1.3) 
 
Difference between groups at 6 months mean (95% CI) 1.0 (0.5 to 1.4) pless than0.0001 
 
Severe hypoglycaemia (% people) over last 6 months 
There was no significant difference in the proportion of the immediate DAFNE group who experienced severe hypoglycemia 
compared with the delayed DAFNE group. 
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Immediate DAFNE 
Baseline – 15/68 (22) 
6 months – 12/67 (18) 
Delayed DAFNE 
Baseline – 8/72 (11) 
6 months - 11/72 (15) 
 
Weighted impact of diabetes on “freedom to eat as I wish” 
For the quality of life measures, the immediate DAFNE group showed significant improvements in the negative impact of 
diabetes on dietary freedom in particular and the impact on quality of life in general. 
 
Immediate DAFNE 
Baseline = -4.8 (2.9) 
6 months= -1.8 (2.3) 
Delayed DAFNE 
Baseline = -4.0 (2.9) 
6 months = -4.0 (2.8) 
 
Difference between groups at 6 months mean (95% CI) 2.2 (1.3 to 3.1) pless than0.0001 
 
Average weighted impact of diabetes on quality of life 
Immediate DAFNE 
Baseline = 2.0 (1.6) 
6 months =  -1.6 (1.6) 
Delayed DAFNE 
Baseline = -1.9 (1.3) 
6 months = -1.9 (1.4) 
 
Difference between groups at 6 months mean (95% CI) 0.4 (-0.1 to 0.9) pless than0.01 
 
Present quality of life 
Immediate DAFNE 
Baseline – 1.0 (0.9) 
6 months – 1.3 (0.9) 
Delayed DAFNE 
Baseline – 1.1 (0.8) 
6 months – 1.0 (1.1) 
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Difference between groups at 6 months mean (95% CI) 0.3 (-0.1 to 0.6) p less than0.095 
 
Total well-being 
There was a significant improvement in psychological well-being and satisfaction with treatment at six months  
Immediate DAFNE 
Baseline – 20.94 (5.8) 
6 months – 24.34 (5.7) 
Delayed DAFNE 
Baseline – 21.09 (5.8) 
6 months – 21.37 (5.5) 
 
Difference between groups at 6 months mean (95% CI) 2.98 (1.06 to 4.89) p less than0.01 
 
Total satisfaction 
Immediate DAFNE  
Baseline - 22.88 (6.2) 
6 months – 31.58 (3.9) 
Delayed DAFNE 
Baseline – 23.21 (5.8) 
6 months – 22.82 (6.0) 
 
Difference between groups at 6 months mean (95% CI) 8.75 (7.02 to 10.48) p less than0.0001 
 
Perceived frequency of hyperglycaemia 
There was a significantly decrease in perceived frequency of hyperglycaemia. 
Immediate DAFNE 
Baseline – 3.57 (1.4) 
6 months – 2.90 (1.4) 
Delayed DAFNE 
Baseline – 3.60 (1.6) 
6 months – 4.03 (1.3) 
 
Difference between groups at 6 months mean (95% CI) –1.13 (-1.59 to –0.67) p less than0.0001 
 
Perceived frequency of hypoglycaemia 
Immediate DAFNE 
Baseline – 2.04 (1.2) 
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6 months – 2.16 (1.3) 
Delayed DAFNE 
Baseline – 2.12 (1.4) 
6 months – 2.40 (1.3) 
 
Difference between groups at 6 months mean (95% CI) –0.23 (-0.68 to 0.21) p= 0.31 
 
Weight 
Immediate DAFNE 
Baseline – 80.5 (16.7) 
6 months – 81.5 (16.9) 
Delayed DAFNE 
Baseline – 77.4 (13.4) 
6months – 77.3 (13.4) 
 
Difference between groups at 6 months mean (95% CI) 4.18 (-0.9 to 9.27) p = 0.11 
 
Total cholesterol (mmol/l) 
Immediate DAFNE 
Baseline – 5.2 (0.9) 
6 months – 5.1 (0.8) 
Delayed DAFNE 
Baseline – 4.9 (0.8) 
6 months – 5.0 (1.0) 
 
Difference between groups at 6 months mean (95% CI) 0.15 (-0.16 to 0.45) p = 0.34 
 
HDL cholesterol (mmol/l) 
Immediate DAFNE 
Baseline – 1.5 (0.4) 
6 months – 1.6 (0.4) 
Delayed DAFNE 
Baseline – 1.5 (0.5) 
6months – 1.5 (0.3) 
 
Difference between groups at 6 months mean (95% CI) 0.09 (-0.01 to 0.22) p = 0.14 
 
Triglycerides (mmol/l) 
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Immediate DAFNE 
Baseline – 1.5 (0.9) 
6 months – 1.4 (0.7) 
Delayed DAFNE 
Baseline – 1.5 (0.9) 
6months – 1.5 (0.9) 
 
Difference between groups at 6 months mean (95% CI) 0.12 (-0.41 to 0.17) p= 0.41 
 
Conclusion 
A structured training course (designed to maintain glucose control while enabling dietary freedom) teaching self management 
skills to people with type 1 diabetes is effective over the short term in the British Healthcare setting. 

Hierarchy of Evidence 
Grading 

1b 

Comments Selected population of moderate to poorly controlled diabetics may affect generalisability. 
Study not powered 
Not clear whether investigators measuring outcomes were blind to intervention 
 

Reference / Citation 99 
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Q11. What dietary advice should be given to adults with Type 1diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

Giacco R, Parillo M, Rivellese AA, et al. Long-term dietary treatment with increased amounts of fibre-rich low-glycemic 
index natural foods improves blood glucose control and reduces the number of hypoglycemic events in type 1 diabetics.  
Diabetes Care 2000;23:1461-1466 

N= N= 63 Location = Italy  
Research Design Prospective randomised controlled study 
Aim To evaluate the long-term feasibility of a high fibre (HF) diet composed exclusively of natural foodstuffs and 2) the efficacy 

of this diet in relation to blood glucose control and incidence of hypoglyceamic episodes. 
Population Type 1 diabetics 
Intervention Group A – High fibre 50 g/day (n = 32) for 24 weeks 
Comparison Group B – Low fibre 15g/day  (n = 31) for 24 weeks 

Outcome Plasma cholesterol, HDL cholesterol, triglyceride, and HbA1c 
Characteristics Mean age 28.2 � 9.5 years 

BMI 23.9 � 0.6 kg/m2 
Duration of diabetes 10.3 � 6.3 years 
Treated with insulin (two or more injections per day) 
Hba1c levels greater than7 and less than 10% 
 
Baseline characteristics similar 

Results  INTENTION TO TREAT ANALYSIS (91% HF 81% LF) 
HbA1c (%) 
No significant change 
 
Mean daily plasma glucose (mmol/l) 
Compared with LF diet, the HF diet improved the blood glucose daily profile and significantly reduced the mean daily blood 
glucose concentration  
LF diet 11.8 � 3.3 vs HF diet 14.5 � 4.5 mmol/L (pless than0.05) 
 
Triglyceride (mmol/L) 
No effect of diet on plasma triglycerides 
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Cholesterol (mmol/L) 
No effect of diet on cholesterol 
 
HDL cholesterol (mmol/L) 
No effect on HDL cholesterol 
 
Hypoglycemic events ( number per person per month) 
The number of hypoglycaemic events was significantly lower on the HF diet than on the LF diet 
LF 1.5 � 1.2  vs 0.73  � 0.7 events per person per month (p less than0.01) 
 
Body weight 
Body weight was not significantly changed with either the LF or HF diet compared with baseline values 
 
Insulin dose (U/day) 
Insulin dose was not significantly changed with either the LF or HF diet compared with baseline values 
 
PEOPLE COMPLIANT TO DIET  (83% HF, 88% LF) ANALYSIS 
HbA1c (%) 
HbA1c was significantly lower after the HF diet than after the LF diet (8.6 � 0.9 vs 9.1 � 1.4%) (p less than0.05) 
 
Mean daily plasma glucose (mmol/l) 
Compared with LF diet, the HF diet significantly reduced the mean daily blood glucose concentrations by 24% (11.2   
� 2.9 vs 14.7 � 4.1 mmol/L (p less than0.001) 
 
Triglyceride (mmol/L) 
No effect of diet on plasma triglycerides 
 
Cholesterol (mmol/L) 
No effect of diet on cholesterol 
 
HDL cholesterol (mmol/L) 
No effect on HDL cholesterol 
 
Hypoglycemic events ( number per person per month) 
The number of hypoglycaemic events was significantly lower on the HF diet than on the LF diet 
LF 0.8 � 0.7  vs 1.7  � 1.2 events per person per month (p less than0.01) 
 
Body weight 
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Body weight was not significantly changed with either the LF or HF diet compared with baseline values 
 
Insulin dose (U/day) 
Insulin dose was not significantly changed with either the LF or HF diet compared with baseline values 
 
Conclusion 
In type 1 diabetics an increased consumption of natural food rich in dietary fibre and with a low glycaemic index is both 
feasible and effective on blood glucose control in the long term. 

Hierarchy of Evidence 
Grading 

1b 

Comments Definition of diabetes: C-peptide negative, treated with insulin and HbA1c levelsgreater than7 and less than10%) 
Exclusions – renal failure, liver disease, or symptomatic cardiovascular disease 
People were prescribed diet by dieticians 
Dietary adherence checked every month 
Diets similar in terms of carbohydrate 50% protein 20% and fat 30% 
Diets similar in terms of saturated, monounsaturated, and polyunsaturated fatty acids (8, 20 and 2% of total daily energy 
intake), cholesterol (226mg/day) and monosacchardies (20%) 
Details of diet advice given 
4 week run-in period 
Intention to treat analysis and per protocol analysis 
Of people treated with HF, 56% recorded some minor gastrointestinal side effects in comparison with 40% of people treated 
with LF. 
Sample size calculated on the assumption that a clinically relevant difference in HbA1c was greater than0.5%; other 
assumptions were an SD of 0.8%, a type 1 error equal to 0.5% and a power of the study equal to 80% 
Study not blinded 
All people followed an intensive dietary education program that included diet history, the formulation of a personalized diet, 
two 1h education sessions with a dietician who provided recipes, written suggestions for eating out and food choices. 
During these study eight dropouts; three in the HF diet and five in the LF diet 
When compliance to diet was taken into consideration, eight people were excluded from the analysis 

Reference / Citation 94 
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Q11. What dietary advice should be given to adults with Type 1diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

Chantelau EA, Frenzen A, Gosseringer G, Hansen I, Berger M. Intensive insulin therapy justifies simplification of the 
diabetes diet: a prospective study in insulin-dependent diabetic patients.  American Journal of Clinical Nutrition. 
1987;45:958-962  

N= N= 50 Location = USA 
Research Design Prospective study 
Aim To examine dietary and metabolic changes associated with a change from traditional insulin and diet therapy to intensified 

insulin plus simplified diet therapy. 
Population Type 1 diabetics 
Intervention Intensified insulin plus simplified diet therapy 
Comparison Traditional insulin and diet therapy 

Outcome BMI, cholesterol, triglycerides, HbA1c, insulin dose, energy intake 
Characteristics 24 females 24 males 

Weight (kg) 67.8 � 1.2 
BMI 22.5 � 3 
HbA1c (%) 9.04 � 0.25 
 
Other characteristics in table below 

Results  Traditional diabetes therapy vs Intensified insulin therapy plus simplified diet 
CLINICAL DATA 
 
Body weight, BMI and serum lipids did not change significantly after diabetes teaching and treatment program. 
 
Body weight 
67.8 � 1.2 vs 68.7 � 1.3 (NS) 
 
BMI (kg/m) 
22.5 � 0.3 vs 22.7 � 0.3 (NS) 
 
Total cholesterol (mg/dL) 
187 � 5 vs 184 � 6 (NS) 



National Collaborating Centre 
for Chronic Conditions 

Page 75 of 114 

 
HDL cholesterol (mg/dL) 
50 � 2 vs 52 � 2 (NS) 
 
Triglycerides (mg/dL) 
103 � 7 vs 114 � 7 (NS) 
 
HbA1c levels decreased significantly following diabetes teaching and treatment program. 
 
HbA1c (% of total Hb) 
9.04 � 0.25 vs 8.34 � 0.16 (p less than0.005) 
 
During the diabetes teaching and treatment program, all people changed their insulin therapy by significantly increase in the 
number of insulin injections per day as well as the percentage of regular insulin. Their total daily insulin dosage, however, 
remained fairly constant before and after intensification of insulin therapy. 
 
Total insulin dose (U/d) 
48 � 3 vs 47 � 2 (NS) 
 
Intermediate acting insulin (U/d)  
43 � 3 vs 25 � 1 (p less than0.001) 
 
Regular insulin (U/d) 
5 � 1 vs 22 � 1 (p less than0.001) 
 
No of insulin injections/day 
1.9 � 0.1 vs 2.5 � 0.1 (p less than0.05) 
 
DIETARY HABITS 
Total energy intake differed between males and females both before and after the DTTP 
After DTTP energy intake decreased slightly but significantly in both sexes mainly due to a decrease in CHO intake and fat 
intake. 
Protein intake was virtually unchanged. 
 
Energy intake (kcal/d) 
Females 2603 � 67 vs 2305 � 63 (p less than0.05) 
Males 3739 � 93 vs 3516 � 94 (p less than0.05) 
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CHO intake (g/d) 
Females 264 � 7 vs 224  � 6 (p less than0.05) 
Males 355 � 10 vs 332 � 10 (p less than0.001) 
 
Fat intake (g/d) 
Females 112 � 4 vs 102 � 4 (p less than0.05) 
Males 171 � 5 vs 163 � 5 
 
Protein intake (g/d) 
Females 97 � 3 vs 91 � 3 
Males 135 � 4 vs 120 � 3 
 
During traditional diabetes therapy as well as subsequent to the DTTP, nearly all people had eaten sucrose-containing foods in 
moderate amounts. 
 
Ingestion of sucrose-containing foods 
Females yes vs yes 
Males yes vs yes  
 
The number of meals per day did not change after the DTTP. 
 
No. of meals/d 
Females 5-6 vs 5-6 
Males 5-6 vs 5-6 
 

Hierarchy of Evidence 
Grading 

1b 

Comments No exclusions – unselected population 
5 day inpatient diabetes teaching and treatment program (DTTP) 
Outcome measures using standardised methodology except food intake (checklist) 
Change from insulin therapy to one or two injections of intermediate or long-acting insulin to multiple daily injections of 
short-acting insulin combined with intermediate-acting insulin preparations. 
Dietary recommendation during the DTTP were focused on a carbohydrate (CHO) controlled diet as follow: ~50% of the total 
energy intake was to be derived from CHO  (further details of diet given) 
Study was not powered 
Study was not blinded due to design 
Study was not randomised due to design 
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Q11. What dietary advice should be given to adults with Type 1diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

Muhlhauser I, Bott U, Overmann H, et al. Liberalized diet in patients with type 1 diabetes.  Journal of Internal Medicine. 
1995;237:591-597 

N= N= 784 Location = Germany Site=Multicentre ambulatory examination using mobile ambulance  
Research Design Prospective cohort study; 6 years follow-up 
Aim To examine whether strict dietary regimen are necessary in the context of intensified insulin therapy 
Population Type 1 diabetics who have participated in a structured, 5 –day, inpatient, group treatment and teaching programme for 

intensification of insulin therapy and liberalization of the diabetes diet 6 years prior to follow-up 
Intervention Treatment and teaching program advocating use of liberalised diet. 

Dietary training was restricted to estimation of carbohydrate content of meals and calculation of insulin needs for varying 
carbohydrate intakes. 
No regulations of daily energy intake. 
Sugar consumption was not prohibited, although its prudent use was recommended. 
People provided with lists with carbohydrate contents of sugar containing foods such as cakes, biscuits and confectionary. 
No prescriptions with respect to fat, protein and fibre intake. 

Comparison N/A 

Outcome Glycaemic control (HbA1c, hypoglycemia, body mass index, cholesterol and the diabetic persons perceived burden through 
dietary requirement 

Characteristics Age 15-40 years 
Free of advanced diabetic, late complications had taken part in the same 5 day, inpatient treatment and teaching programme for 
intensified insulin therapy in one of 10 participating hospitals. 
 
 

Results  Selected variables in relation to liberalised diet scores (LDS) 
0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
 
Participants no. 
0 - 22 
1 - 74 
2 – 174  0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 202 
4 - 157 
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Age 
0 – 35 � 8  
1 - 34 � 7 
2 - 34 � 7  0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 33 � 7 
4 - 31 � 6 
 
Diabetes duration 
No significant association between LDS and diabetes duration 
0 – 17 � 9  
1 - 15 � 8 
2 - 15 � 7  0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 16 � 7 
4 - 14 � 7 
 
Body Mass Index (kg/m2) 
No significant association between LDS and body mass index 
0 – 23.9 � 3 
1 – 24.7 � 3.6 
2 – 24.6 � 3.2 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 24.6 � 3.6 
4 – 24.5 � 3.2 
 
Haemoglobin A1C (%) 
No significant association between LDS and HbA1C 
0 – 7.9 � 1.2 
1 – 7.8 � 1.4 
2 – 7.8 � 1.5 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 8 � 1.6 
4 – 7.9 � 1.6 
 
People with severe hypoglycaemia 
No significant association between LDS and severe hypoglycemia 
0 – 9 
1 – 8 
2 – 14 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
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3 - 10 
4 – 14 
 
Cholesterol 
Compared with people with highest liberalisation diet scores, people with no diet liberalisation at all had higher cholesterol 
levels (p less than0.05) 
0 – 6.1 � 1.7 
1 – 5.4 � 1.2 
2 – 5.5 � 1.3 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 – 5.5 � 1.2 
4 – 5.5 � 1.2 
 
Insulin dose (U/kg/day) 
No significant association between LDS and insulin dosage 
0 – 0.66 � 0.2 
1 – 0.64 � 0.15 
2  - 0.65 � 0.2 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 – 0.61 � 0.19 
4 – 0.63 � 0.17 
 
less than 3 insulin injections per day 
0 - 71 
1 - 36 
2 – 36 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 29 
4 - 18 
 
4-7 insulin injections per day 
0 - 29 
1 - 61 
2 – 58 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 57 
4 - 63 
 
CSII 
0 - 0 
1 - 3 
2 – 6 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
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3 - 14 
4 - 18 
 
People with Blood glucose self monitoring greater than 3 times per day (%) 
Compared with people with highest liberalisation diet scores, the proportion of people measuring blood glucose greater than3 
times per day was lower (p less than0.05) 
0 - 55 
1 - 70 
2 – 69 0 = no diet liberalisation  at all; 4 = highest degree of diet liberalisation 
3 - 70 
4  - 77 
 
Older people had a tendency towards lower scores (ie less diet liberalisation) 
People with a higher liberalisation diet score injected insulin or used CSII more frequently 
 

Hierarchy of Evidence 
Grading 

IIa 

Comments Exclusion – people treated with CSII on admission, although change to CSII after participation in TTP was possible. 
History of repeated severe hypoglycaemia was not an exclusion criteria 
People followed up by family physicians. 
6 year follow-up performed by two investigators who had not been involved in the care of the participants. 
6 year follow-up involved standardised interview about eating habits 
13 people had died, 135 declined to participate (the 135 drops outs had higher HbA1c levels before the TTP) 
Study not powered 
Study not blinded 
Logistic regression analysis undertaken 
Subjective divisions of population by extent of liberalised diet 
 

Reference / Citation 100 
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Q11. What dietary advice should be given to adults with Type 1diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

McCulloch DK, Mitchell RD, Ambler J, Tattersall RB. A prospective comparison of ’conventional’ and high carbohydrate/high 
fibre/low fat diets in adults with established type 1 (insulin-dependent) diabetes.  Diabetologia. 1985;28:208-212 

N= N= 40 Location = Nottingham  
Research Design Prospective randomised parallel group trial 
Aim To examine whether improvement in metabolic control can be achieved by changing to high carbohydrate/high fibre/low fat 

diet 
Population Type 1 diabetics 
Intervention Group A - Conventional low carbohydrate diet taught by dietician only (n = 14) control group for 12 months 
Comparison Group B - Conventional low carbohydrate diet taught by practical lunchtime demonstration or taught by videotape for 12 

months (n = 13) (n = 10 after first 6 months) 
Group C - Conventional low carbohydrate diet taught by practical lunchtime demonstration or taught by videotape (n = 13) for 
6 months then swapped to high carbohydrate/high fibre/low fat diet (n = 12) for 4 months 

Outcome Metabolic control – HbA1c 
Characteristics Group A (n = 12) vs group B (n = 10) vs Group C (n = 12) 

 
Age (38.1 � 2.6) vs (29.8 � 2.8) vs (39.3 � 3.9) 
Sex (male/female) 7/5 vs 5/5 vs 7/5 
Duration of diabetes (y) (11.5 � 1.8)  vs (11.6 � 1.3) vs (14.3 � 1.8) 
Insulin dose (U/d) 0.67 � 0.07 vs 0.88 � 0.08 vs 0.67 � 0.03 
Initial HbA1 (%) 13.1 � 0.5 vs 12.0 � 0.6 vs 12.9 � 0.5 
BMI (kg/m2) 24.4 � 0.8 vs 23.2 � 0.8 vs 24.3 � 0.5 
Other details given in table 
 
All baseline characteristics similar  

Results  Dietary knowledge 
At the beginning of the study all three group averaged a score of 55% 
No improvement was seen in Group A (control subjects) at any stage, whereas both groups B and C showed a significant 
improvement in knowledge after the first 6 months (p less than0.01) which was maintained in both groups 12 – 16 months 
later. 
Groups B and C knew significantly more than group A after the first 6 months (p less than0.001) and at the end of the study (p 
less than0.01), but did not differ significantly from one another with both answering over 85% of questions correctly at the end 
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of the study 
 
Carbohydrate intake 
Inconclusive results as very erratic. 
 
Daily calorie intake  
There was no significant difference within or between groups throughout the study 
 
Daily fat consumption 
There was no significant difference in groups A and B throughout the study 
Group C showed a significant reduction in fat intake from 42.6 � 1.9% to 33.9 � 1.7& (p less than0.01). This reduction was 
maintained for a further 6 months and at final follow-up group C were still eating significantly less fat than either Group A or 
B (p less than0.02) 
 
Fibre intake 
Daily fibre intake was less than20g in all groups at the start of the study and did not change in group A. In group C there was a 
significant increase in fibre intake from 20.3 � 1.6g to 31.8 � 1.7g (p less than0.01) during the second 6 months and this was 
maintained so that at final follow-up it remained significantly higher than in Group A (p less than0.02) 
 
Metabolic control 
Diabetic control was equally poor in all three groups at the start of the study and improved to a similar degree by the end of the 
run-in period when HbA1 levels were 12.0 � 0.3%, 11.1 � 0.6% and 11.4 � 0.5% respectively in groups A, B and C. 
 
During the first 6 months HbA1 did not change in group A while in groups B and C there was a further fall so that both were 
significantly better than group A with levels of 10.3 � 0.7% in group B (p less than0.05 compared to A) and 9.4 � 0.5% in 
group C (p less than0.002 compared to A). 
After 6 months follow-up HbA1 in group A rose to 12.5 � 0.3%. 
Group B maintained their improved control so that 12 months after the beginning of the study their mean HbA1 was 9.5 � 
0.4%, significantly lower that group A (p less than0.002) 
Group C, having shown better control during the first intervention period, deteriorated over the 4 months of the second 
intervention period after introduction of the high fibre, high carbohydrate diet so that at the end of the second intervention 
period their HbA1 was 11.2 � 0.5% compared with 9.4 � 0.5% at the end of the first intervention (p less than0.01). However, 
over the remaining 6 months HbA1 in group C fell again to 10.0 � 0.6% which was significantly lower than group A (p less 
than0.02) but no different from group B. 
 
Conclusion 
Practical lunchtime demonstrations or videotape education were more effective in changing eating habits. 

Hierarchy of Evidence 1b 
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Grading 
Comments At end of 3 month run-in period people were randomised one of three methods of dietary teaching for 6 months: 

Group A) Individual tuition from a dietician (n =14) 
Group B) Small group teaching using a videotape (n = 13) 
Group C) Practical lunchtime demonstrations (n = 13) 
Each group was seen three times for dietary intervention 
At end of first intervention period, all people were asked whether they would be prepared to continue for further 6-10 months 
Group A) Individual tuition from dietician (n = 12) 
Group B & C pooled and divided into two further groups 
Continue current diet with review in 6 months (n = 10) 
Second intervention period where diet changed to high carbohydrate/high fibre/ low fat diet (n = 12) 
6 withdrawals discussed fully 
Study not powered (small numbers in each group) 
Exclusions not mentioned 
Blinding not possible due to nature of interventions 
Pooling of Group B & C following first 6 months may complicate interpretation 
People were selected as they were poorly controlled. Motivation during study was not assessed. 
 
 

Reference / Citation 97 
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Q11. What dietary advice should be given to adults with Type 1diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

Hansen HP, Christensen PK, Tauber LE, Klausen A, Jensen BR, Parving HH. Low-protein diet and kidney function in insulin-
dependent diabetic patients with diabetic nephropathy.  Kidney International 1999;55:621-628 

N= N= 29 Location = Denmark  
Research Design Prospective randomised controlled study 
Aim To compare the effect of a low protein diet with a normal protein diet in people with diabetic nephropathy. 
Population Type 1 diabetics with diabetic nephropathy 
Intervention Low protein diet n = 14 (an isocaloric LPD of 0.6g/kg/bofy weight/24hr) 
Comparison Normal protein diet n = 15 (continue normal diet) 

Outcome Glomerular filtration rate, blood pressure, albuminuria, fractional clearance of albumin, urinary sodium excretion, haemoglobin 
A1c and blood glucose 

Characteristics LPD group n = 14 
females 6 males 8 
age 47 � 3 
duration of diabetes 29 � 2 years 
duration of diabetic nephropathy 9 � 2 years 
insulin dosage (U/kg/24h)  0.56 � 0.03 
BMI kg/m2  25 � 1 
Body weight (kg) 75.4 � 3 
HbA1c % 8.4 � 0.3 
 
NPD group n = 15 
females 5 males 10 
age 44 � 2 
duration of diabetes 29 � 2 years 
duration of diabetic nephropathy 10 � 2 years 
insulin dosage (U/kg/24h)  0.55 � 0.03 
BMI kg/m2  25 � 1 
Body weight (kg) 72.2 � 3.9 
HbA1c % 8.6 � 0.3 
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Baseline characteristics similar 
Results  Phase I 0-4 weeks Low protein diet vs Normal protein diet 

Nutritional data 
Both dietary protein and energy intake significantly decreased in the LPD group during phase I, whereas they remained stable 
in the NPD group 
Carbohydrate intake, fat intake and alcohol intake remained stable in both diet groups during phase I. 
Dietary protein intake g/kg/24h 
LPD Mean (95% CI) = -0.4 (-0.5 to –0.3)  vs NPD mean (95% CI) = -0.0 (-0.2 to 0.1)  p = less than0.0001 intergroup 
Energy intake MJ/24h 
LPD Mean (95% CI) = -0.9 (-1.7 to –0.1)  vs NPD mean (95% CI) = 0.5 (-0.6 to 1.6)  p = less than0.05 intergroup 
 
Glomerular filtration rate (ml/min/1.73m2 
A significant decline in GFR was observed in the LPD group whereas  GFR remained stable in the NPD group 
LPD Mean (95% CI) = -8.6 (-13.9 to –3.2)  vs NPD mean (95% CI) = -2.5 (-6.8 to 1.8)  p = 0.07 intergroup 
 
Albuminuria (%) 
A significant decline in albuminuria was observed in the LPD group whereas albuminuria  remained stable in the NPD group 
LPD Mean (95% CI) = -28.7 (-40.9 to –14.0)  vs NPD mean (95% CI) = 0.0 (23.5 to 20.1)  p less than0.05 intergroup 
 
Fractional clearance of albumin 
A significant decline in fractional clearance of albumin was observed in the LPD group whereas fractional clearance of 
albumin remained stable in the NPD group 
 
Urinary sodium excretion 
No significant changes in urinary sodium excretion was seen in either group 
 
Blood Pressure 
No significant changes in blood pressure was seen in either group 
 
Body Mass Index 
Body mass index was significantly reduced during LPD, but these changes were not significantly different from the changes 
seen in the NPD group. 
 
HbA1c 
HbA1c was significantly reduced during LPD, but these changes were not significantly different from the changes seen in the 
NPD group. 
 
Serum Albumin 
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No significant changes were seen in serum albumin in both diet groups. 
 
 
Phase II (recovery) 4-8 weeks – all people received normal protein diet 
Nutritional data 
Dietary protein increased significantly in the LPD group during phase II, whereas it remained constant in the NPD group 
Energy intake, carbohydrate intake, fat intake and alcohol intake were comparable in both diet groups during phase II. 
Dietary protein intake g/kg/24h 
LPD Mean (95% CI) = 0.3 (0.2 to 0.5)  vs NPD mean (95% CI) = 0.0 (-0.2 to 0.1)  p = less than0.0001 intergroup 
Energy intake MJ/24h 
LPD Mean (95% CI) = 0.1 (-1.5 to 1.7)  vs NPD mean (95% CI) = -0.3 (-1.3 to 0.6)   
 
Glomerular filtration rate (ml/min/1.73m2 
A significant increase in GFR was observed in the LPD group whereas GFR remained stable in the NPD group 
LPD Mean (95% CI) = 5.9 (0.8 to 11.1)  vs NPD mean (95% CI) = -2.9 (-6.4 to 0.6)  p = less than0.01 intergroup 
 
Albuminuria (%) 
A significant increase in albuminuria was observed in the LPD group whereas albuminuria  remained stable in the NPD group 
LPD Mean (95% CI) = 25 (4.5 to 49.6)  vs NPD mean (95% CI) = 2.9 (-18.3 to 29.7)  p less than0.05 intergroup 
 
Fractional clearance of albumin 
Changes in the fractional clearance of albumin were alike in the two diet groups during phase II. The change in fractional 
clearance of albumin during phase I was significantly different from the change during phase II in the LPD group, but not the 
NPD group. 
 
Urinary sodium excretion 
No significant changes in urinary sodium excretion was seen in either group 
 
Blood Pressure 
Alterations in mean arterial blood pressure were comparable in the LPD group and the NPD group. 
 
Body Mass Index 
Body mass index was significantly increased during LPD, but these changes were not significantly different from the changes 
seen in the NPD group. 
 
HbA1c 
Metabolic control was comparable in the two diet groups. 
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Serum Albumin 
No significant changes were seen in serum albumin in both diet groups. 
 
Multiple regression analysis 
A significant correlation was seen between the relative change in dietary protein intake and relative change in albuminuria 
during phase I (p = 51less than P less than0.01) and phase II (p = 0.38, P = 0.05) 
 
No significant correlation between the relative change in GFR either during phase I or phase II. 
 
During phase I, a significant correlation between the initial decline (absolute) in GFR and baseline GFR was found in the LPD 
group (p = 0.53, P less than0.05). 
 
Relative changes in mean arterial blood pressure correlated significantly with relative changes in GFR in the NPD group during 
phase I (p = 0.71, P less than0.005) but not significantly during phase II. 

Hierarchy of Evidence 
Grading 

1b 

Comments Diabetic nephropathy diagnosed clinically according to established criteria: albuminuria of more than 300mg/24hr in at least 
two out of three sterile urine samples 
Exclusion –malignant hypertension, previous history of congestive heart failure and myocardial infarction, or coronary bypass 
surgery within last 3 months. 
Concomitant medication detailed and varied. 
1 person withdrew after randomisation 
Standardised methods of measuring outcome measures used. 
Not blinded 
Not powered 
No discussion of method of randomisation 
 

Reference / Citation 95 
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Q11. What dietary advice should be given to adults with Type 1 diabetes to maintain optimal metabolic control? 
 

Author / Title / Reference / 
Yr  

Engelen W, Keenoy BM, Vertommen J, De L, I. Effects of long-term supplementation with moderate pharmacologic doses of 
vitamin E are saturable and reversible in people with type 1 diabetes.  American Journal of Clinical Nutrition 2000;72:1142-
1149 
 

N= N= 44  
Location = Belgium   

Research Design Randomised double blind trial 
Aim To examine the effect of a moderate pharmacologic dose of Vitamin E for less than 1 year in people with type 1 diabetes 
Population Type 1 diabetics 
Intervention Group A - 250 IU (168 mg) RRR-a-tocopherol 3 times/day for 1 year 
Comparison Group B - placebo for 6 months followed by RRR-a-tocopherol 3 times for an additional 6 months 

Outcome Lipid profile, glycated haemoglobin, blood biochemistry, lipid peroxidation 
Characteristics Group A (n = 22) vs group B (n = 22) 

 
Age 42 (26-54) vs 40 (23-65) 
Sex (male/female) 13/9 vs 15/7 
Duration of diabetes (y) 16/10 vs 16/7 
Insulin dose (U/d) 45 � 13 vs 47 � 15 
Smoker (yes/no) 6/16 vs 5/17 
 
Other details given in table 
 
All baseline characteristics similar including serum lipids, blood pressure, BMI 

  
Results  Serum vitamin E concentrations 

Group A – vitamin E supplementation 
Baseline 36.9 � 10.9 umol/L vs 3 months 66.4 � 18.3 umol/L (p less than0.0005) 
Serum vitamin E concentrations did not increase significantly further at 6, 9 and 12 months. 
Group B  
Serum vitamin E concentrations remained stable for first 6 months; however 3 months after vitamin E supplementation began, 
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serum vitamin E concentrations doubled (p less than0.0005) and then remained stable during the remaining period of 
supplementation (month 9-12) 
 
Blood biochemistry values, red blood cell antioxidants (glutathione and glutathione peroxidase), lipid profiles – total, HDL and 
LDL cholesterol 
No significant changes in either group 
 
HbA1c, BMI, insulin dose and blood pressure 
No significant changes in either group 
 
Lipid peroxidation 
In both groups, lipid peroxidation of LDL and VDLD decreased significantly during vitamin E supplementation. 

Hierarchy of Evidence 
Grading 

1b 

Comments Exclusions – intake of drugs that interfere with oxidant-ntioxidant status and signs of axonal involvement or demyelination. 
Both groups received capsules identical in taste 
All people consuming standard diet for diabetics that provided 7.5-8.5 MJ/d (50% of energy as carbohydrate, 20% as protein 
and 30% as fat) 
Outcome measures measured using standardised methods 
Clinical significance of decreased lipid peroxidation not established 
Study was not powered 
 

Reference / Citation  
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6.4 Physical activity 
 

 
 

Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 
 

Author / Title / Reference / Yr  Perry TL, Mann JI, Lewis-Barned NJ, Duncan AW, Waldron MA, Thompson C. Lifestyle intervention in people with insulin-
dependent diabetes mellitus (IDDM).  European Journal of Clinical Nutrition 1997;51:757-763 
Reference ID: 254 (1449) 

N= N= 61  
New Zealand   

Research Design Randomised controlled study 
Aim To investigate the impact of intensive lifestyle education on dietary practices, exercise and metabolic measurements  
Population Type 1 diabetes  
Intervention Group 1  Trial period                            - Intensive advice and lifestyle program for six months  

               Post-trial observation period -  
Comparison Group 2  Trial period                            - Standard care for six months  

                Post trial observation period – Intensive advice and lifestyle program 
Outcome Nutrient intakes, weight, blood pressure, Glycaemic control, Triglycerides and LDL cholesterol, HDL cholesterol and 

triglycerides, Physical fitness, VO2max 
Characteristics Group 1 Intensive treatment n = 31 

male 15 female 16 
age 41.5 � 11.6 
duration of diabetes 14.1 � 11.9 
 
Group 2 Standard treatment n = 30 
male 20 female 10 
age 42.8 � 12.6 
duration of diabetes 16.8 � 13.4 
 
Other characteristics in table 
 

Results  Nutrient data 
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At recruitment, there were no significant differences between groups in nutrient intakes. 
During the trial, both groups showed significant increases in percentage of energy from carbohydrate, carbohydrate and 
monounsaturated fat combined, and significant decreases in percentage of energy from total and saturated fat. 
Recruitment to end of trial 
There was a significant difference between groups with regard to total and saturated fat intake. Intake was significantly lower 
in group 1 compared with group 2 at the end of the trial (p = 0.047 and p = 0.018 for total and saturated fat respectively) 
Post trial observation 
Group 1 – Significant increases in total energy intake, and percentage energy from total, saturated and monounsaturated fat 
Group 2 + intensive advice – Significant increase in percentage energy from monounsaturated fat and decreases in both 
sodium and percentage energy from saturated fat. 
 
Blood Pressure 
Blood pressure levels did not change during the trial 
 
Glycaemic control 
Glycated haemoglobin decreased significantly in both groups between recruitment and randomisation, the improvement being 
sustained during the six months of the randomised trial and for group 1 during the six months of post-trial observation. A 
further significant decrease was seen in Group 2 during the second six month period when they were given intensive advice. 
HbA1 (%) 
Group 1  
Recruitment – 9.3 � 2.8 Randomisation – 8.9 � 2.6 Month 6 – 8.6 � 2.1 Month 12 – 8.4 � 1.8 
Group 2 - 
Recruitment – 9.5 � 1.6 Randomisation – 8.7 � 2.0 Month 6 - 8.8 � 2.3 Month 12 – 7.9 � 1.5  (p = 0.002 between month 6 and 
month 12) 
 
Triglycerides and LDL cholesterol 
A significant increase in LDL cholesterol was observed during the trial in Group 2 whilst they received standard care; 
however, during post trial observational phase there were significant deceases in both TC and LDL cholesterol levels. 
 
HDL cholesterol and triglycerides 
Levels in both groups increased significantly during the trial. 
No significant differences were observed for HDL cholesterol between Group 1 and Group 2 during any phase of the study. 
No significant changes in triglycerides during the study. 
 
Physical fitness  
In group 1 VO2max increased from 2.53 � 0.60 to 3.12 � 0.87 after three months and 3.01 � 0.78 at the end of the trial (p = 
0.001) 
In group 2, during the post-trial observation phase their VO2max increased from 2.51 � 0.52 to 2.82 � 0.59 p = 0.001.  
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Hierarchy of Evidence Grading 1b 
Comments Nine subjects did not complete the study (3 from intensive treatment six from standard). Five subjects withdrew because of 

health or family problems, 1 was too busy, two left the area and 1 died. 
Decision to offer intensive therapy to control group after 6 months was taken after trial start. 
No dietary data collected at randomisation. 
All subjects had seen a dietitian in the past. 
Participation in the study may provide the motivation to change habits rather than intervention itself. 
Improvements in dietary intake may not be a result of intensive education but solely the participation in a study. 
Study not powered 
Study not blinded due to design 
Exclusion – severe physical disability or major illness 
Patients received different levels of monitoring/advice according to patient desire or perceived need. 
Dietary goal was to obtain 50% of total energy from complex carbohydrates, to increase dietary fibre (specifically soluble 
fibre), and to decrease total saturated fat to 30 and 10% of total energy respectively while increasing the intake of foods high 
in monounsaturated fats. 
Exercise sessions designed according to individual fitness levels and goals. 

Reference / Citaion 105 
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Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 

Author / Title / Reference / Yr  Laaksonen DE, Atalay M, Niskanen LK, et al. Aerobic exercise and the lipid profile in type 1 diabetic men: a randomized 
controlled trial.  Medicine & Science in Sports & Exercise. 2000;32:1541-1548 
Reference ID: 20 (1443) 

N= N= 56  
Finland   

Research Design Randomised controlled study 
Aim To assess the effect of a 12- to 16-wk aerobic exercise program on cardiorespiratory fitness and the lipid profile in young men 

with type 1 diabetes. 
Population Type 1 diabetics  
Intervention  12-16 weeks of moderate intensity, sustained running. 
Comparison No training 

Outcome Glycemic control (HbA1c, plasma glucose), daily insulin dosage, lipid profile 
Characteristics Group 1 Training  n = 20 

Age = 32.5 � 5.7 
HbA1c = 8.2 � 1.1 
 
Group 2 Control n = 22 
age 29.5 � 6.3 
HbA1c = 8.3 � 1.3 
 
No differences in baseline characteristics. Other characteristics in table 
 

Results  No significant difference with respect to glycaemic control, cardiovascular fitness, or lipid profile between trained and control 
group before training. 
No significant changes in daily energy intake, fat intake, or dietary polyunsaturated/saturated fatty acid ratio occurred in either 
the training or control group. 
HbA1c at baseline correlated with LDL (r = 0.27, P = 0.05), total cholesterol (r = 0.30, P = 0.028), and apo B (r = 0.26, P = 
0.058) but not with BMI, percent body fat, or indices of cardiovascular fitness. 
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VO2max (ml/kg/min) 
After 12-16 weeks of training, VO2 peak increased significantly only in the training group. 
Baseline = Training 43.4 � 8 vs control 42 � 7.2  
After training = Training 46.1 � 6.6 (p=0.023, before vs after training) vs control 43.4 � 7.2 
 
Daily insulin dosage (Units/kg) 
Baseline = Training 0.68 � 0.19 vs control 0.71 � 0.18  
After training = Training 0.68 � 0.2 vs control 0.70 � 0.20 
 
HbA1c (%) 
Baseline = Training 8.2 � 1.1 vs control 8.3 � 1.3  
After training = Training 8.0 � 1.0 vs control 8.5 � 1.6 
 
Plasma glucose (mmol/L) 
Baseline = Training 10.5 � 6 vs control 10.1 � 4.3  
After training = Training 12.1 � 6.0 vs control 11.9 � 5.8 
 
Lipids 
After 12-16 weeks of training, total and LDL-cholesterol and apo B decreased, and HDL, apo A-I, and the HDL/LDL and apo 
A-I, apo B ratios increased only in the training group. 
In contrast, only HDL, apo A-I, and the HDL/LDL ratio increased in the control group. 
 
Serum total Cholesterol (mmol/L) 
Baseline = Training 4.89 � 0.97 vs control 4.71 � 1.08  
After training = Training 4.66 � 0.94 (p = 0.001, before vs after training) vs control 4.79 � 1.18 
 
LDL cholesterol (mmol/L) 
Baseline = Training 3.15 � 0.81 vs control 2.99 � 0.74  
After training = Training 2.88 � 0.75 (p = 0.048, before vs after training) vs control 2.92 � 0.80 
 
HDL cholesterol (mmol/L) 
Baseline = Training 1.21 � 0.28 vs control 1.21 � 0.40  
After training = Training 1.32 � 0.28 (p = 0.012, before vs after training) vs control 1.31 � 0.45 (p = 0.011, before vs after 
training) 
 
HDL/LDL 
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Baseline = Training 0.41 � 0.13 vs control 0.42 � 0.13  
After training = Training 0.49 � 0.16 (p = 0.001, before vs after training) vs control 0.46 � 0.15 (p = 0.001, before vs after 
training) 
 
Serum triglycerides (mmol/L) 
Baseline = Training 1.18 � 0.50 vs control 1.12 � 0.53  
After training = Training 1.02 � 0.50 vs control 1.25 � 0.53  
 
Apolipoprotein B (g/L) 
Baseline = Training 0.82 � 0.20 vs control 0.78 � 0.18 
After training = Training 0.75 � 0.19 (p = 0.003, before vs after training) vs control 0.82 � 0.2  
 
Apolipoprotein A-I (g/L) 
Baseline = Training 1.42 � 0.27 vs control 1.44 � 0.34  
After training = Training 1.50 � 0.25 (p = 0.014, before vs after training) vs control 1.54 � 0.38 (p = 0.036, before vs after 
training) 
 
HDL/Apolipoprotein A-I(g/L) 
Baseline = Training 0.84 � 0.08 vs control 0.84 � 0.10  
After training = Training 0.88 � 0.07 (p = 0.042, before vs after training) vs control 0.84 � 0.10  
 
Apo I/ApoB 
Baseline = Training 1.83 � 0.51 vs control 1.9 � 0.47  
After training = Training 2.09 � 0.52 (p = 0.001, before vs after training) vs control 1.96 � 0.51  
 
Subgroup analysis 
Relative changes in HDL/LDL and Apo AI/Apo B ratios produced by training are more prominent in type 1 diabetics with 
low HDL/LDL levels at baseline 

Hierarchy of Evidence Grading Ib 
Comments Multiple linear regression analysis undertaken to examine relationships between baseline measures. 

Study not powered 
Interesting changes in lipid profile in control group (possibly due to seasonal changes. 
Compliance with completing food records was poor, may mean subtle changes in diet are not detected. 
Dietary records after 6 weeks and 12 weeks were pooled. 
14 out of 56 men enrolled in study dropped out – no discussion of reasons for withdrawal 
Ten patients were smokers. 
Exclusion – any cardiovascular or pulmonary disease and chronic medication other than insulin, including lipid-lowering 
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medications (highly selected population) 
Blood samples taken before and after training period 1.5-4h after eating light carbohydrate-rich breakfast or lunch in morning 
or midday. 
Study not blinded due to design 

Reference / Citation 102 
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Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 
 

Author / Title / Reference / Yr  Lehmann R, Kaplan V, Bingisser R, Bloch KE, Spinas GA. Impact of physical activity on cardiovascular risk factors in IDDM.  
Diabetes Care. 1997;20:1603-1611 Reference ID: 37 (1448 

N= N= 20  
Switzerland  

Research Design Cohort study 
Aim To study the impact of physical activity on glycaemic control and plasma lipids, blood pressure, weight and abdominal fat. 
Population Well-controlled Type 1 diabetics  
Intervention Regular supervised exercise program (at least 135 minutes/week) for 3 months involving endurance sports e.g. biking, running or 

hiking. 
Comparison No exercise 

Outcome Glycaemic control, HDL cholesterol (HDL-C), HDL-C fractions, triglycerised, lipopreotein a, blood pressure, weight and 
abdominal fat. 

Characteristics male n = 13 female n = 7 
mean age 33 � 7.7 years  
Mean diabetes duration 11 � 7 
HbA1c 7.6 � 1.0 
 
Other characteristics in table 
 

Results  Physical activity 
Mean time of physical activity increased from 195 � 176 at baseline to 356 � 164 minutes per week (p less than0.001) 
There was a significant correlation between changes in physical activity and increased in VO2 max – coefficient of correlation r 
= 0.75 (p less than0.005) 
 
Physical fitness 
Men had significantly higher VO2max levels at baseline and after 3 months  
Men baseline – 3421 � 700 ml/min, 46.1 ml/min/kg 
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Women baseline – 1974 � 369 ml/min, 31.5 ml/min/kg 
Men 3 months – 3563 � 739ml/min, 53.3 � 10.2 ml/min/kg 
Women 3 months – 2218 � 357 ml/min, 35.9 � 11.2 ml/min/kg 
 
Insulin sensitivity 
After the 3 month exercise program, both the steady state plasma glucose (SSPG) and steady state plasma insulin (SSPI) were 
significantly lower compared with pre-exercise levels indicating higher insulin clearance rate and insulin-mediated glucose 
metabolism.  
Steady state plasma glucose 
Baseline 10.5 � 4.8 vs post 3 month exercise 7.0 � 3.3 mmol/l (p less than0.01) 
There was a significant correlation between the decrease in SPPG and increased physical activity (r = -0.62, p less than0.01) 
Steady state plasma insulin (SSPI)  
Baseline 381.1 � 47.3 vs 282.4 � 39.4 pmol/l (p less than0.001) 
 
Lipids 
Significant decreases were observed in the following plasma lipids 
Cholesterol:HDL-C decreased significantly from 2.92 � 0.17 to 2.68 � 0.13 (p less than0.01) 
LDL-C: HDL-C decreased significantly from 1.67 � 0.16 to 2.68 � 0.13 (p less than0.001) 
Triglycerides, HDL-TG, Lp (a) and cholesterol did not change significantly 
 
Body composition 
Significant decreases were observed in body weight, percentage body fat, and waist to hip ratio.  
Body weight decreased significantly from 70.7 � 10.9 to 68.7 � 10.3 (p less than0.03) 
Percentage body fat decreased significantly from 21.9 � 8.2 to 18 � 6.3 (p less than0.001) 
Waist to hip ratio decreased significantly from 0.88 � 0.055 to 0.86 � 0.053 (p less than0.001) 
LBM increased significantly from 54.9 � 12.2 to 56.8 � 11.0 (p less than0.01) 
There was a significant correlation between changes in physical activity and changes in HDL-C, HDL3-C, apolipoprotein A1 and 
B, LBM and percentage body fat. 
 
Glycaemic control 
No significant changes in fasting blood glucose, HbA1c and microalbuminuria. 
 
Heart Rate and blood pressure 
A significant reduction in diastolic and systolic blood pressure and resting heart rate was observed at office readings and with 
ambulatory BP recording. 
The changes in resting heart rate, systolic and diastolic blood pressure correlated significantly with changes in physical activity 
 
Adverse effects 
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Mild hypoglycaemic episodes occurred in most patients at some points 
 
Multiple regression analysis 
69% of the variance in total HDLCholestreol could be explained by daily insulin dose (units per kg), VO2max, percentage body 
fat and age. (p less than0.001) 
38% of the variance of HDL2 was explained by waist-to-hip ratio, sex and daily insulin dose (units/kg) (p = 0.002) 
51% of the variance of HDL3 was explained by insulin dose, VO2max, waist to hip ratio and percentage body fat. (p = 0.005) 
26% of the variance of LDL was explained by VO2 max, insulin dose and age. (p = 0.05) 
23% of the variance of triglyceride levels was explained by age and VO2max. (p = 0.05) 
42% of the variance of systolic blood pressure (p less than0.001) and 23% of diastolic blood pressure (p less than0.05) could be 
explained by waist to hip ratio, percentage body fat and VO2max. 
VO2max was significantly correlated with total cholesterol, Apo B, triglycerides, Lp(a) and heart rate. (p less than0.02) 
Increase in VO2max is correlated with a decrease in systolic blood pressure. (p = 0.03) 
 
Short term effects of intensified physical activity and necessary adaptations in the diabetes regimen during a sport camp of 7 days 
duration 
Daily activity before sport camp 34 � 27 vs daily activity during sport camp 214 � 32 (p less than0.001) 
Carbohydrate intake (g) before sport camp 212 � 49 vs carbohydrate intake during sport camp 259 � 65 (p less than0.001) 
Total insulin requirement (U/day) before sport camp 48.4 � 15.1 vs total insulin requirement during sport camp 40.4 � 13 (p less 
than0.001) 
Regular insulin (U) before sport camp 27.7 � 9.3 vs regular insulin during sport camp 23.4 � 7.8 (p=0.005) 
NPH insulin (U) before sport camp 20.7 � 8.2 vs NPH insulin during sport camp 17.0 � 7.9 (p less than0.001) 
Blood glucose profile (average seven reading per day mmol/l) before sport camp 7.9 � 1.7 vs blood glucose profile during sport 
camp 7.5 � 1.6 (p = NS) 
Hypoglycaemias grade I per day before sport camp 0.04 � 1.2 vs hypoglycaemias grade I per day during sport camp 0.38 � 0.5 (p 
less than0.001) 
Hypoglycaemias grade II/III per day before sport camp 0 vs hypoglycaemias grade II/III during sport camp 0 (p = NS) 
Body weight (kg) before sport camp 68.5 � 11.1 vs daily activity during sport camp 68.7 � 10.5 (p = NS) 

Hierarchy of Evidence Grading IIa 
Comments Study not powered 

Study not blinded or randomised due to design 
Each patient participated in a comprehensive teaching program for self-management of diabetes during exercise to prevent 
exercise induced hypoglyceamic episodes. 
Variable amounts of exercise undertaken 
All patients completed the study 
Each patient served as own control 
Multiple regression analysis undertaken 
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Exclusion criteria symptomatic CHD, autonomic neuropathy and inability to incrase amount of physical activity. 
Dietary advice not detailed; however adjustment of insulin dose and carbohydrate intake maintained glycaemic control. 

Reference / Citation 104 
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Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 
 
 

Author / Title / Reference / Yr  Ligtenberg PC, Blans M, Hoekstra JB, van dT, I, Erkelens DW. No effect of long-term physical activity on the glycemic control in 
type 1 diabetes patients: a cross-sectional study.  Netherlands Journal of Medicine. 1999;55:59-63 
Reference ID: 24 (1445) 

N= N= 14   
Spain  

Research Design Cohort study 
Aim To evaluate the effect of physical exercise on blood pressure, the lipid profile, lipoprotein (a) and low-density lipoportein (LDL) 

modifications in untrained diabetic patients. 
Population Type 1 diabetics  
Intervention Individualised aerobic exercise program for 3 months 
Comparison No exercise 

Outcome cholesterol, high density lipoproteins, low density lipoproteins, very low density lipoproteins, triglycerides 
Characteristics 7 mean 7 women 

mean age 25.5 � 6 years range 17-42 
Mean diabetes duration 6 � 5 years (0.7 to 16.2) 
 
BMI less than 30kg/m2, haemoglobin A1c less than 8.5%, absence of kidney failure, absence of liver thyroid disease and absence 
of regular exercise 

Results  Physical fitness 
Significant improvements were observed in VO2 max and O2 pulse 
Maximal heart rate did not change significantly 
 
VO2max (mL/kg/min) – baseline 33.7 � 7; after 3 months exercise 38.5 (p less than0.05) 
O2 pulse (mL/beat) – baseline 12.2 � 2.8; after 3 months exercise 13.4 � 3.7 (p less than0.05) 
Maximal heart rate – baseline 185 � 10; after 3 months exercise 185 � 10 
 
Glycaemic control 
HbA1c, fructosamine and fasting blood glucose did not change significantly. 
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HbA1c (%) – baseline 6.5 � 0.8; after 3 months exercise 6.7 � 1  
Fructosamine (umol/L) – baseline 309 � 53; after 3 months exercise 310 � 61  
Glucose (mmol/L) – baseline 7.9 � 3.6; after 3 months exercise 7.7 � 4.2 
 
Lipid and lipoprotein parameters 
A significant increase in HDL-C was seen after 3 months exercise 
All other outcomes did not change significantly 
 
cholesterol (mmol/L) – baseline 4.44 � 0.81; after 3 months exercise 4.58 � 0.87  
HDL-C (mmol/L) – baseline 1.48 � 0.45; after 3 months exercise 1.66 � 0.66 (p less than0.05) 
LDL-C (mmol/L) – baseline 2.70 � 0.74; after 3 months exercise 2.56 � 0.65 
VLDL-C (mmol/L) – baseline 0.35 � 0.27; after 3 months exercise 0.33 � 0.15  
Triglycerides(mmol/L) – baseline 0.76 � 0.57; after 3 months exercise 0.92 � 0.83  
Chlesterol/HDL-C – baseline 3.21 � 0.87; after 3 months exercise 3.07 � 1.14 

Hierarchy of Evidence Grading IIa 
Comments Study duration 3 months 

All treated with diet and insulin therapy  
Study also looked at type 2 diabetics 
Study not powered 
Study not randomised or blinded 
Different exercise programmes used for different periods of time. 
Sub analysis of selected patient group according to baseline Lp (A) levels, but not divided according to type 1 and type 2 diabetes  
No patents suffered from severe hypoglycaemic event 
Patients in this study had favourable lipoprotein profile. Studies have shown that patients with adverse lipid profile benefit more 
from physical training. 
Patient acceptance and compliance not commented upon. 

Reference / Citation 103 
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Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 
 

Author / Title / Reference / Yr  Rigla M, Sanchez-Quesada JL, Ordonez-Llanos J, et al. Effect of physical exercise on lipoprotein(a) and low-density lipoprotein 
modifications in type 1 and type 2 diabetic patients.  Metabolism: Clinical & Experimental 2000;49:640-647 

N= N= 14  
Spain  

Research Design Cohort study 
Aim To evaluate the effect of physical exercise on blood pressure, the lipid profile, lipoprotein (a) and low-density lipoportein (LDL) 

modifications in untrained diabetic patients. 
Operational Definition BMI less than 30kg/m2, haemoglobin A1c less than 8.5%, absence of kidney failure, absence of liver thyroid disease and absence 

of regular exercise. 
Population Type 1 diabetics  
Intervention Individualised aerobic exercise program for 3 months 
Comparison No exercise 

Outcome cholesterol, high density lipoproteins, low density lipoproteins, very low density lipoproteins, triglycerides 
Characteristics 7 mean 7 women 

mean age 25.5 � 6 years range 17-42 
Mean diabetes duration 6 � 5 years (0.7 to 16.2) 
 

Results  Physical fitness 
Significant improvements were observed in VO2 max and O2 pulse 
Maximal heart rate did not change significantly 
 
VO2max (mL/kg/min) – baseline 33.7 � 7; after 3 months exercise 38.5 (p less than0.05) 
O2 pulse (mL/beat) – baseline 12.2 � 2.8; after 3 months exercise 13.4 � 3.7 (p less than0.05) 
Maximal heart rate – baseline 185 � 10; after 3 months exercise 185 � 10 
 
Glycaemic control 
HbA1c, fructosamine and fasting blood glucose did not change significantly. 
 
HbA1c (%) – baseline 6.5 � 0.8; after 3 months exercise 6.7 � 1  
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Fructosamine (umol/L) – baseline 309 � 53; after 3 months exercise 310 � 61  
Glucose (mmol/L) – baseline 7.9 � 3.6; after 3 months exercise 7.7 � 4.2 
 
Lipid and lipoprotein parameters 
A significant increase in HDL-C was seen after 3 months exercise 
All other outcomes did not change significantly 
 
cholesterol (mmol/L) – baseline 4.44 � 0.81; after 3 months exercise 4.58 � 0.87  
HDL-C (mmol/L) – baseline 1.48 � 0.45; after 3 months exercise 1.66 � 0.66 (pless than0.05) 
LDL-C (mmol/L) – baseline 2.70 � 0.74; after 3 months exercise 2.56 � 0.65 
VLDL-C (mmol/L) – baseline 0.35 � 0.27; after 3 months exercise 0.33 � 0.15  
Triglycerides(mmol/L) – baseline 0.76 � 0.57; after 3 months exercise 0.92 � 0.83  
Chlesterol/HDL-C – baseline 3.21 � 0.87; after 3 months exercise 3.07 � 1.14 

Hierarchy of Evidence Grading IIa 
Comments Study duration 3 months 

All treated with diet and insulin therapy  
Study also looked at type 2 diabetics 
Study not powered 
Study not randomised or blinded 
Different exercise programmes used for different periods of time. 
Subanalysis of selected patient group according to baseline Lp (A) levels, but not divided according to type 1 and type 2 diabetes  
No patents suffered from severe hypoglyceamic event 
Patients in this study had favourable lipoprotein profile. Studies have shown that patients with adverse lipid profile benefit more 
from physical training. 
Patient acceptance and compliance not commented upon. 

Reference / Citation  
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Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 
 
Author / Title / Reference / Yr  Schneider SH, Khachadurian AK, Amorosa LF, Clemow L, Ruderman NB. Ten-year experience with an exercise-based outpatient 

life-style modification program in the treatment of diabetes mellitus.  Diabetes Care. 1992;15:1800-1810 
Reference ID: 67 (1458) 

N= N= 55  
USA  

Research Design Cohort study 
Aim To examine the effects of a programme of diet and exercise on various metabolic and haemodynamic parameters, and to assess the 

ability of patients to perform physical training safely. 
Population Type 1 diabetics  
Intervention Education (series of 10 two hour lectures) 

Nutritional recommendations based on the guidelines developed by the American Diabetes Association 
Physical training – 3 to 4 times per week 

Comparison No exercise 

Outcome Heart rate, systolic blood pressure, diastolic blood pressure, weight, body mass index, fasting plasma glucose, serum insulin, serum 
triglycerides, serum cholesterol, serum high density lipoprotein cholesterol. 

Characteristics Older subjects (aged greater than 40 yr) 
male 12 female 4 
age 49.6 � 1.8 
duration of diabetes 19.7 � 2.7 
fasting plasma glucose (mM) 9.6 � 1.3 
HbA1 (%) 12.6 � 0.8 
 
Younger subjects (aged less than40 yr) 
male 25 female 14 
age 26.4 � 1 
duration of diabetes 11.4 � 1.2 
fasting plasma glucose (mM) 12.1 � 0.8 
HbA1 (%) 11.5 � 0.6 
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Other characteristics in table 
 

Results  Hemodynamic response to physical training ( n = 25) 
 
At rest 
A significant decrease in heart rate and systolic blood pressure at rest was seen after 3 months compared with controls. 
 
Heart rate (beats/min) – baseline 86 � 7 vs after 3 months 81 � 2 (p less than0.05 compared with control) 
Systolic pressure (mmHg) - baseline 144 � 9 vs after 3 months 130 � 3 (p less than0.01 compared with control) 
Diastolic Pressure (mmHg) - baseline 82� 2 vs after 3 months 83 � 1  
 
100 watts 
A significant decrease in heart rate and diastolic blood pressure at 100 watts intensity was seen after 3 months compared with 
controls. 
 
Heart Rate (beats/min) - baseline 156 � 7 vs after 3 months 136 � 3 (p less than0.01 compared with control) 
Systolic pressure (mmHg) - baseline 188 � 26 vs after 3 months 178 � 5  
Diastolic Pressure (mmHg) - baseline 91 � 3 vs after 3 months 83 � 2 (p less than0.01 compared with control) 
 
Maximal Effort 
A significant decrease in diastolic blood pressure at maximal effort was seen after 3 months compared with controls. 
 
Heart Rate (beats/min) - baseline 169 � 7 vs after 3 months 170 � 3  
Systolic pressure (mmHg) - baseline 191 � 18 vs after 3 months 213 � 4  
Diastolic Pressure (mmHg) - baseline 88 � 3 vs after 3 months 82 � 2 (p less than0.05 compared with control) 
 
Metabolic response to 3 months of physical training ( n = 25) 
No significant changes were observed in metabolic response when comparing baseline with 3 months of physical training 
 
Weight (kg) – baseline 74.2 � 2.2 vs after 3 months 72.3 � 4.2  
Body mass index (kg/m2) - baseline 24 � 0.6 vs after 3 months 24.6 � 0.7  
Fasting plasma glucose (mM) - baseline 11.6 � 0.9 vs after 3 months 11.6 � 1.2  
Serum Tricglycerides (mg/dL) - baseline 119 � 14 vs after 3 months 120 � 18  
Serum Cholesterol (mg/dL) - baseline 202 � 7 vs after 3 months 207 � 14  
Serum High-density Lipoprotein Cholesterol (mg/dL) - baseline 49 � 3 vs after 3 months 48 � 5 
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Hierarchy of Evidence Grading IIa 
Comments Study not powered 

Study not blinded or randomised due to design 
Study examined mixed population of type 1 and type 2 diabetics. 
Some results were pooled and therefore not presented. 
All type 1 patients were insulin treated. 
Patients received different levels of monitoring according to risk. 
Exercise sessions 40-60 min duration 
A high proportion of patients had distal sensory-motor neuropathy 
No rigid exclusion criteria apart from significant ischaemic heart disease. 
Substantial dropout occurred at each time point if good compliance is rated as participation in at least 75% scheduled sessions. 
Females more likely to continue than males. 
Hypoglycemia occurred at some point in all patients. 
No explanation why only 25/55 type 1 patients are included in analysis of haemodynamic response and metabolic response results. 

Reference / Citation 106 
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Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 
 

Author / Title / Reference / Yr  Selam JL, Casassus P, Bruzzo F, Leroy C, Slama G. Exercise is not associated with better diabetes control in type 1 and type 2 
diabetic subjects.  Acta Diabetologica. 1992;29:11-13 
Reference ID: 69 (1459) 

N= N= 50  
France  

Research Design Cohort Study 
Aim To evaluate whether exercise is associated with better diabetes control and/or risk of hypoglycaemia. 
Population Type 1 diabetics  
Intervention Diabetics undergoing range of physical activity assessed by investigator-led questionnaire 
Comparison No exercise 

Outcome Diabetes control as assessed by HbA1c, episodes of hypoglycaemia and insulin dose 
Characteristics male n = 25 female n = 25 

mean age 41 � 11 years  
Mean diabetes duration 16  � 8 
HbA1c 8.1 � 1.1 
Physical Energy Expenditure (kcal/week) = 1808 � 320 
 

Results  HbA1c 
There was no significant correlation between physical exercise energy expenditure (PEEE) and HbA1c in a) all type 1 diabetes 
patients or b) exercising type 1 diabetes patients 
All patients HbA1c vs PEEE – correlation coefficient = 0.036 (P = NS; n = 50) 
Exercising patients HbA1c vs PEEE – correlation coefficient = 0.080 (p = NS; n = 32) 
Exercising patients HbA1c = 8.3 � 0.2 
Non-exercising patients HbA1c = 7.9 � 0.2 
 
Hypoglycaemic events 
There was no significant correlation between PEEE and mild hypoglycaemic events in type 1 exercising patients 
Exercising patients mild hypoglycaemic events vs PEEE – correlation coefficient = 0.2 (p = NS; n = 32) 
Exercising patients  
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mild hypoglycaemic episodes per month = 5.3 � 0.9 
severe hypoglycaemic episode per month = 0.9 � 0.3 
Non-exercising patients  
mild hypoglycaemic episodes per 5 years = 4.4 � 1.4 
severe hypoglycaemic episodes per 5 years = 2.2 � 0.9 
 
Insulin doses 
Insulin doses correlated significantly with PEEE in type 1 patients. 
Daily insulin dose vs PEEE - correlation coefficient = -0.266 (p less than0.05; n = 49) 
 

Hierarchy of Evidence Grading IIa 
Comments Questionnaire administered by investigator and filled in by technician 

99% response to questionnaire from diabetics, 95% response from controls 
Questions addressed type, weekly frequency and duration of sessions of exercise. 
Subjects divided into groups (no physical exercise at all, intense voluntary exercise programs e.g. tennis, or physical activity limited 
to deliberate walking sessions) 
Retrospective ,subjective unvalidated questionnaire 
Study not powered 
No other diseases that might influence exercise habits e.g. coronary heart disease, arthropathy or claudication were evident 

Reference / Citation  
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Q14 What advice about exercise participation should be given to adults with type 1 diabetes to maintain optimal blood glucose control? 
 
Author / Title / Reference / Yr  Wiesinger GF, Pleiner J, Quittan M, et al. Health related quality of life in patients with long-standing insulin dependent (type 1) 

diabetes mellitus: benefits of regular physical training.  Wiener Klinische Wochenschrift. 2001;113:670-675 

N= N= 23  
Austria   

Research Design Cohort study 
Aim To examine whether health related quality of life (HRQOL) can be improved by a regular physical training program. 
Population Type 1 diabetics  
Intervention 4 months aerobic exercise training 
Comparison No training 

Outcome Physical and metabolic parameters (BMI, BP, Heart rate, HbA1c, insulin dose, cholesterol, oxygen uptake, exercise capacity, 
muscle strength) 

Characteristics Group 1 Training  n = 15 
8 women and 7 men 
Age = 41 � 2  
HbA1c = less than8.5% 
 
Group 2 Control n = 8 
3 women and 5 men 
age 33 � 11 
HbA1c = 8.5% 
 
Other characteristics in table 
 

Results  Body Mass index (kg/m2) 
Baseline = Training 24.0 � 0.88 vs control 26.7 � 1.4  
After 4 months = Training 23.8 � 0.8 vs control 27.4 � 1.4 
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Mean arterial blood pressure (mmHg) 
Baseline = Training 79 � 4 vs control 80 � 3  
After 4 months = Training 80 � 3 vs control 85 � 2 
 
Resting heart rate (bpm) 
Baseline = Training 84 � 4 vs control 76 � 3 
After 4 months = Training 75 � 7 vs control 78 � 4 
 
HbA1c (%) 
Baseline = Training 7.3 � 0.2 vs control 7.4 � 0.4  
After 4 months = Training 7.4 � 0.4 vs control 7.4 � 0.2 
 
Insulin dose 
After 4 months of training the insulin dose was significantly reduced by 18% in group 1 
Baseline = Training 0.62 � 0.07 vs control 0.66 � 0.10  
After 4 months = Training 0.51 � 0.05 (pless than0.05 vs baseline) vs control 0.64 � 0.1 
 
Total Cholesterol (mmol/L) 
Baseline = Training 202 � 12 vs control 198 � 16  
After training = Training 188 � 12 vs control 192 � 14 
 
Peak oxygen uptake VO2max (ml/kg/min) 
After 4 months training peak oxygen uptake was increased in group 1 
Baseline = Training 29.1 � 1.3 vs control 29.6 � 2.3  
After training = Training 35.7 � 9.8 (p = less than0.05 vs baseline) vs control 29.7 � 2.4 
 
Maximum exercise capacity, Watt 
Baseline = Training 154 �  14 vs control 207 � 16 (p less than0.05 between groups)  
After training = Training 183 � 19 vs control 204 � 16  
 

Hierarchy of Evidence Grading IIa 
Comments Study not powered 

Significant difference in baseline maximum exercise capacity between intervention and control group. 
Study not randomised. 
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Study not blinded due to design 
Reference / Citation  
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6.5 Cultural and individual lifestyle 
 
No studies applicable  
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7 Blood glucose control and insulin therapy 
 

7.1 Clinical monitoring of blood glucose 
 

 
 

Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Coster S, Guliiford MC, Seed PT, Guillford MC, Powrie JK, Swaminathan R 2000 Monitoring blood glucose control in diabetes mellitus: a 
systematic review. Health Technol Assess 4(12) 

N= 8 controlled trials (4 in adults) 
Within trials: largest n = 181, smallest n = 16, rest one study n=68, the rest less than40 

Research Design Systematic review 
Aim To assess the optimum protocol for self monitoring of blood glucose 
Population Type 1 diabetes 
Intervention Frequencies, blood or urine testing. 
Comparison Varied between studies 

Outcome Clinical and cost effectiveness of different methods for monitoring blood glucose control in diabetes mellitus. Self-monitoring by patients and 
near-patient or laboratory testing in healthcare settings were considered.  
A number of outcomes were analysed including intermediate outcomes such as changes in blood glucose control and patient satisfaction, as 
well as measures of health status and health-related quality of life. 
Costs, including treatment costs and patient costs. 

Characteristics Varied between studies 
Some studies included children 

Results  Evidence statements 
Of the controlled trials, only one suggested a benefit of blood testing for GHb. The rest showed no difference between blood or urine testing 
or different frequencies of testing.  
Three studies found the frequency of hypoglycaemia was low and not different between blood monitoring and control groups. 
A meta-analysis of data from studies comparing blood monitoring with urine monitoring in IDDM children or adults suggested a mean 
difference in GHb of approximately –0.567% (95% CI: –1.073 to  –0.061), this result was of borderline significance and was sensitive to two 
assumptions made in interpreting and analysing the data. Blood testing was more costly than urine, but was preferred by patients, possibly 
due to the accuracy of the resultant information. 
 
Reliability and Validity of self-monitoring:  
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A convenience sample of papers known to the authors suggests that issues of observer training, inter device variability, the effects of long-
term use and patient acceptability have not usually been addressed. Most studies reported a formal assessment of meter reliability and validity 
but inappropriate statistical methods were used for method comparison. 
The development of memory meters showed that diabetic patients often made incorrect recordings of blood glucose values in their diary 
records. 
Williams et al identified a number of sources of inaccurate readings in 21 patients with type 1 diabetes. These included: rounding values to 
the nearest whole number, omission of outlying values and reporting of results when no test was recorded in the memory of the meter. Over 
and under reporting often occurred together and were associated with higher GHb levels. 
Ziegler et al confirmed these findings in 14 people with diabetes. Mean blood glucose values and the amplitude of blood glucose excursions 
were lower in logbook records than in meter memories. Addition of phantom values in the logbook and omission of SMBG measurements 
were common leading to an overall obscuring of the occurrence of hypo- and hyperglycaemia.  
Strowig and Raskin found that these problems could be addressed by information patients of the memory capacity of the meter. 
Bolinder et al showed SMBG results may be inaccurate in some patients, compared to continuous microdialysis measurement of glucose in 
subcutaneous adipose tissue, due to wide variations in glucose levels between SMBG that can go recognised. This was more likely to happen 
at night and could occur when subjects were testing as frequently as seven times/day. This study concluded that the true diurnal variability in 
glycaemia of people with Type 1 diabetes is too great to be measured, even by frequent SMBG. 
Other factors influencing reliability 
Patient factors: Kabadi et al showed more accurate blood glucose readings may be obtained by patients following sufficient training.  
Bernbaum et al reported that older people (aged 65–79 years) could produce results as reliable as those obtained by younger subjects.  
Two reports suggested that visually impaired patients might be able to use SMBG with satisfactory results, but only after extensive 
instruction.  
Impairment of colour vision can lead to misinterpretation of visually read strips. Colour vision should be tested formally before self-
monitoring with visually read strips is recommendedi, although this can be overcome by using a meter. 
 
Clinical effectiveness of Self monitoring in Type 1 diabetes 
Four studies were conducted in adults.  Details of these studies are in the table below: 
Post hoc calculations of power showed that the study by Starostina et al was the only study with sufficient power to detect a difference in 
GHb of less than1% but greater than0.5% 
Drop out rates in the studies were between 10 and 20 % 
Studies varied in their instructions for frequencies and timing of monitoring.  
The studies by Worth and Starostina gave algorithms to patients to alter insulin dose; Gordon et al encouraged alteration of dose but did not 
provide algorithms and Terent et al encouraged patients to change their insulin dose in order to achieve FBG of less than7 mmol/l or 
postprandial blood glucose of less than10 mmol 
 

Study Setting Design intervention outcome No 
of  
(wk) 

N Power 
(detectable 
difference in 
GHb) 

Inclusion criteria 

Worth 
1982 

UK 
hospital 
diabetes 
clinic 

RCT Urine vs. 
SMBG (visual) 
vs. SMBG 
(meter) 

GHb  
Blood glucose  
Urine glucose 

60 38 1.0–2.0 % Exceptions: pregnancy, 
oral contraceptives, renal 
disease, retinopathy 
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Worth 
1982 

UK 
hospital 
diabetes 
clinic 

RCT Urine vs. 
SMBG (visual) 
vs. SMBG 
(meter) 

GHb  
Blood glucose  
Urine glucose 

60 38 1.0–2.0 % Exceptions: pregnancy, 
oral contraceptives, renal 
disease, retinopathy 

Terent 
1985 

Sweden Factorial 
randomised 
trial 

Education vs. 
SMBG vs. 
SMBG + 
education vs. 
conventional 
care 

HbA1 78  37 2.0–3.0 % Age greater than17, Dm 
duration�����\HDUV 
Exclusions: renal 
transplant, pregnancy, 
alcoholic, prisoner 

Gordon 
1991 

UK, 
general 
hospital 

Random 
crossover trial 

Three different 
frequencies of 
SMBG 

GHb 
Fructosamine 
Blood glucose 

25 25 1.0–2.0 % Age: 18–50 years 
Diabetes for ����PRQWKV 
Two insulin injections 
daily. 
Previous SMBG for ���
months 

Starostina 
1994 

Russia, 
Research 
centre 

Consecutive 
allocation to 
treatment 

Urine vs. 
SMBG vs. none 

HbA1 
Weight 
Cost 

104  181 0.5–1.0 % Exclusions: chronic 
conditions not DM related  

 
Effect on blood glucose control 
No trial demonstrated effect of SMBG on blood glucose control. 
Effect on other outcomes 
Hypoglycaemia: One study reported frequency and occurrence of hypoglycaemia was low and not different in SMBG or controls  
Patient outcomes: Three studies measured patient outcomes  
Worth et al found that on a comprehensive questionnaire greater than50% of patients though that blood testing was superior to urine testing 
for assessing metabolic control 
40% felt that a combination of blood and urine testing was better, and No patient thought urine testing superior to blood testing. 
No clear preference was expressed for either visual strips or strips with meters 
Gordon et al reported that 9/18 patients preferred testing four times daily twice weekly; 6/18 patient preferred four times daily once a week; 
and 3/18 preferred twice daily testing seven days a week.  
Neither of these studies evaluated patient preferences before the start of the trial  
The third study, testing the effect of monitoring on DM knowledge, showed higher test scores after the intervention. However, this study 
demonstrates the validity of an overall testing package with great emphasis on education, rather than one specific SMBG technique 
A standard protocol for conducting and reporting evaluations of blood glucose monitoring devices should be developed.  
Further work should be done to develop standard packages of proven effectiveness, to train patients in the use of self-monitoring devices and 
to provide them with the information needed to adjust their therapy according to self-monitoring results. These packages should form part of 
the overall approach to patient education in diabetes. 
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Self-monitoring in Type 1 diabetes 
The use of SMBG is well established in Type 1 diabetes and has received support from the results of the DCCT. Unconfounded studies do not 
provide convincing evidence for an effect of self-monitoring on blood glucose control. The question of whether SMBG is necessary for all 
patients might best be addressed by carrying out prospective observational studies of groups of patients with Type 1 diabetes in order to 
characterise those who do not use monitoring or do not use it effectively. These groups might be the subject of intervention studies.  
Recommendations for research 
Observational studies should be carried out in samples of subjects with Type 1 diabetes to identify groups of patients in whom blood glucose 
self-monitoring is of benefit and groups in whom it is not. 
Studies should also not just include assessment of GHb, but also the occurrence of hypoglycaemia, patients’ satisfaction with care and health-
related quality of life. 

Hierarchy of Evidence Grading Ia 

Comments Search strategy 
The author’s personal collections, Diabetes care and Diabetic Medicine (1990–1999), the electronic databases MEDLINE and EMBASE, and 
the Index and Bibliography of Social Sciences.  
Citations from papers retrieved were screened.  
Letters were sent to the British Diabetic Association and leading manufacturers.  
Retrieved papers were evaluated for quality using a validated checklist, by two independent reviewers.  
Data were abstracted and synthesised using meta-analysis where possible, papers were reviewed using a quality checklist.  
Keywords: insulin-dependent diabetes; self-care, blood glucose self-monitoring, patient compliance, glucose blood level, urinalysis. 
Papers retrieved 
24 papers: 8 RCT, 16 non-controlled studies  
Mean quality rating14.4 (SD 1.6) 
Only one study had sufficient power to detect differences in GHb of ������ 
Objectives 
To systematically search for research data on the clinical and cost effectiveness of different methods of monitoring blood glucose control in 
diabetes. 
To evaluate methods of self monitoring by the patient 
To evaluate both laboratory-based testing and near patient testing in healthcare settings 
To consider the separate needs of patients with Type 1 diabetes and to consider age, ethnic group and social factors as possible effect 
modifiers 
To synthesise conclusive results to provide protocols for monitoring and to make recommendations for future primary research where existing 
evidence was insufficient 
Authors note that meters have improved considerably during the time since the reviewed studies were reported. 
Trajectory of knowledge base 
the development of methods of monitoring has been the subject of considerable technical innovation, but the evaluation of the clinical- and 
cost-effectiveness of the application of these methods has not been the subject of many recent studies. This cannot be considered to be a 
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rapidly developing field, as evidenced by the age of the studies included in this review. 
There is no standard protocol for evaluating blood glucose monitoring devices. Published evaluations have often only evaluated a limited 
number of aspects of meter performance and have not always used appropriate methods to analyse the reliability of measurements.  
Conclusions 
A standardised protocol should be drawn up for conducting and reporting evaluations of blood glucose monitoring devices. 
Blood glucose self monitoring is well established in clinical practice but the optimal use of the technique has not been established. Present 
evidence suggests that it may not be essential for all patients 

Trials included  See original study 
Reference / Citation   
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Q10 What is the optimum regimen of self-monitoring of glucose control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Lindsey, C. C., Carter, A. W., Mangum, S., Greene, D., Richardson, A., Brown, S., & McCandless, B. 2002, "A prospective, 
randomized, multicentered controlled trial to compare the annual outcomes of patients with diabetes mellitus monitored with 
weekly fructosamine testing versus usual care: a 3-month interim analysis", Diabetes Technology & Therapeutics, vol. 4, no. 
5, pp. 637-642. 

N= n=60 fructosamine testing =33, normal care =27 
USA 
3 sites 

Research Design Randomised controlled trial 
Aim Objectives of this study are to compare the quarterly A1c results of subjects who monitor weekly fructosamine with results of 

those receiving usual care for their diabetes management. 
Population Mixed type 1 and Type 2 diabetes 
Intervention An intervention of weekly test for fructosamine level in addition to daily blood glucose assessment. 
Comparison Monitoring was compared to conventional care with only blood glucose monitoring for three months 

Outcome Mean blood glucose over the 2-week period prior to follow-up visits was recorded for both groups. QOL scores were collected 
at baseline and will be evaluated at the 12-month follow-up visit. 
The primary outcome of glucose control was evaluated using an A1c At-Home test, and QOL scores evaluated using the 
diabetes-39 questionnaire which has been validated in this population 

Characteristics Demographic characteristics not presented in report  
 

Results  No statistically significant differences between mean glucose, fructosamine, and A1c were observed to 3 month follow-up. 
For A1c the fructosamine testing group  then mean value was 7.755%  SD (1.408) and for the control group  7.971% SD 
(1.797) (p=0.676) 
Mean BMI, compliance with diabetes medication, alcohol intake, tobacco use, dietary regimen, and exercise did not change 
between groups at the quarterly analysis.    

Hierarchy of Evidence Grading Ib 

Comments Power analysis undertaken 
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The time needed to reflect a statistically significant change in the A1c has yet to develop. A1c values take several weeks to 
show any significant changes, which may result in a lag time of observable differences greater than 3 months.  
Not all of the enrolled study subjects have yet reached the 3-month review point and enrolment is still continuing, for the 1 
year outcome study 

Reference / Citation   
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Q10 What is the optimum regimen of self-monitoring of glucose control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gordon D, Semple CG, Paterson KR 1991 Do different frequencies of self-monitoring of blood glucose influence control in 
type 1 diabetic patients. Diabetic Medicine 8:679–682 

N= N=25 
UK 

Research Design Randomised controlled trial  
Aim To evaluate the effectiveness of different monitoring regimens 
Population Type 1 diabetes 
Intervention A four-point profile on any two non-consecutive days per week 

One four-point profile on any day of the week 
Comparison Two blood glucose measurements on each day for 7 days per week 

Outcome Blood glucose control, fructosamine control, GHb levels, insulin dose changes and patient preference.  
Characteristics 16 male, 9 female; age= 31.0±10.0 years; duration of diabetes=1.09±7.7 years 
Results  Four patients withdrew during the study, all while undergoing the single day week protocol. The two patients who provided 

reasons for withdrawal expressed concern about the infrequency of monitoring during this phase. 
Laboratory measurements 
No significant differences were found when comparing the three protocols between any of the measures studied: 

 2 days x 4 tests / wk 1 days x 4 tests / wk 7 days x 2 tests / wk 
 Wk 1–6 Wk 7–12 Wk 1–6 Wk 7–12 Wk 1–6 Wk 7–12 
BG from diary 
cards (mmol/L) 8.3±1.9 8.3±1.9 8.0±1.9 8.2±1.5 8.4±2.0 8.4±1.7 

BG at clinic 
visits (mmol/L) 11.6±5.5 11.7±5.6 10.7±6.3 11.2±5.7 11.4±6.1 11.3±5.8 

GHb (%) 
 9.5±2.0 9.6±2.0 9.4±1.9 9.6±2.1 9.7±1.8 9.7±2.0 

Fructosamine 
� PRO�/� 419±84 433±83 429±95 428±89 436±96 440±85 

Diary card results represent pre-prandial samples while clinic results were taken randomly depending upon time of attendance 
at the hospital, thus clinic results are higher than those recorded by self-monitoring 
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Insulin dose changes 
The frequency at which patients altered insulin doses was extremely variable: 3.3 (median; range 0.03–11.8) dosage 
changes/wk. 
A significant increase was seen in frequency of changes during the 2 day x 4 tests/week protocol, compared with 1 day x 4 
tests/wk (p less than0.02) 
No significant relationship was seen between the frequency at which a patient altered insulin dosage and their metabolic 
control as estimated by mean GHb 
However, the lack of differences between 1 day x 4 tests/wk and 7 days x 2 tests / wk, fails to demonstrate clearly that 
alteration in frequency of blood glucose monitoring influences patient practice. 
Protocol preference 
At the final visit, of the 21 patients completing the study, 18 expressed a preference: 
9/18 patients preferred 2 days x 4 tests / wk; 6/18 preferred 1 days x 4 tests / wk; 3/18 preferred 7 days x 2 tests / wk 
These differences were not statistically significant 

Hierarchy of Evidence Grading Ib 

Comments Patients re-educated in insulin dose adjustment in relation to exercise, diet and prevailing blood glucose level at pre-trial visit. 
Patients instructed in completion of daily record diaries of SMBG, insulin dose adjustments and frequency and severity of 
hypoglycaemia. 
All patients required to achieve an accuracy of within 10% of laboratory results before inclusion into study.  
Patients reviewed at 6 week intervals when glycosylated haemoglobin, fructosamine, and blood glucose were estimated.  
Effects of exercise or alteration of diet on blood glucose were noted and appropriate alterations to insulin were again 
suggested.  
Patients actively encouraged to make further changes to either short- and long-acting insulin doses in response to self-
monitored blood glucose, and changes to insulin regimen in anticipation of exercise or changes to diet.  
Algorithms for altering insulin doses were not distributed as they would contravene routine patient management.   
Self-monitoring performed with BM-44 or Visidex reagent strips. Laboratory estimation of blood glucose was by the glucose 
oxidase method using Technicon RA 1000 Analyser. GHb measured by pH-dependent chromatography sing Quik-Sep Test 
System. Fructosamine measured by a nitroso-blue tetrazolium reduction assay. 
Laboratory variables and mean diary care blood glucose from each 6-week period were compared after 6 and 12 weeks. The 
three different monitoring regimens were compared irrespective of the order in which they were undertaken. 
Study contains insufficient power to show clinically important differences in results (n=21 at end of study) 
Dietary compliance, lifestyle and other factors affecting blood glucose concentrations not standardised across the study. No 
way of controlling for these confounding factors.  
Self-reporting of data leaves possibility of patient editing of results.  
Authors state: we have been unable to identify an optimal frequency for blood glucose self-monitoring in a typical diabetic 
population. There is little or no relationship between the frequency of blood glucose monitoring, the frequency of insulin dose 
adjustments and the level of metabolic control achieved 
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Reference / Citation  93 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Halimi S, Charpentier G, Grimaldi A, Grenier JL, Baut F, Germain B, Magnette J 2001 Effect of compliance, acceptability of 
blood glucose self-monitoring and HbA1c of a self-monitoring system developed according to patient wishes. Diabetes Metab 
27:681–387 

N= N=179: Group A: n=55, Group B: n=60, Group C: n=49 
France 

Research Design Randomised controlled trial  
Aim To assess which method of glucose self testing is most convenient to people with diabetes 
Population Type of diabetes not stated 
Intervention Group A: patients continued on original treatment 

Group B: patients were given the Glucotrend Premium and SoftClix II system 
Group C: patients were given the One Touch Profile Autolet system 

Comparison No inactive comparison 

Outcome Compliance  
Also: patient preferences, accuracy of monitoring 

Characteristics Age (years): Group A=35±15; Group B=39.2±16.2, Group C=45±15.1 
BMI (kg/m2): Group A=23.3±3.4; Group B=24.4±4.1, Group C=24.6±3.2 
Duration diabetes (years): Group A=14±8; Group B=13±9, Group C=16±10 

Results  143 patients completed the study.  
No significant differences were seen at baseline in any of the 179 patients, no serious adverse event was observed during the 
study. 
HbA1c (at M0): Group A=9.83±1.44; Group B=9.51.2±1.6, Group C=9.29±1.48 (non significant) 
Compliance 
At entry: Group A=29%, Group B=35% and Group C=47% 
After 3 months: Group A=83%, Group B=75% and Group C=71% 
After 6 months: Group A=65%, Group B=78% and Group C=68% 
In the three groups the number of measurements was increased at M3 and then M6 
Factors favourably influencing compliance 
Evaluated on the 10-point scale by decreasing order: lack of patient motivation, finger-prick pain, cost of tests amount of 
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blood extracted and the complexity of the test.  
No differences were seen between the three groups when assessed on this scale.  
HbA1c levels 
Within the three groups HbA1c levels progressively decreased during the 6 months of study.  
No significant difference in improvement was seen between the three groups although it was significant at the three time 
periods throughout the study. 
At three months: 0.3±0.9%, 0.7±1.2% and 0.64±0.9% for groups A, B and C respectively 
At six months: 0.6±1.1%, 0.9±1.2% and 1.0±0.9% respectively. 
Hypoglycaemic episodes 
The number of hypoglycaemic episodes per week were increased in groups B and C from 2.3±2.5 and 1.89±2.0 respectively at 
M0 to 7.9±14.0 and 7.6±18.0 respectively after 6 months. No change was seen in the control groups.  
Changes in insulin needs 
Total insulin requirement decreased in group B for both intermediate and rapid acting insulin (10 and 26% respectively) 
whereas no changes were seen in Groups A and C 
Accuracy of capillary blood glucose determinations  
The best correlation with laboratory (venous) and meter(capillary) measurements were found in group B (Pearson correlation 
coefficient:0.95 and 0.97 at M0 and M6 respectively). No significant differences were seen between meters at M3. 

Hierarchy of Evidence Grading Ib 

Comments Glucotrend designed from patient suggestions at focus groups, comprising an elaborated mechanism of finger-stick, reshaped 
lance to reduce pain and to produce a smaller blood drop, culminating in the SoftClix II system adapted to the Glucotrend 
glucose meter.  
The One Touch Profile Autolet system was introduced to reduce the ‘protocol effect’  which may otherwise skewed results in 
favour of the Glucotrend system. This Profile system contained only one of the requested characteristics—a memory function 
to evaluate compliance 
Patients randomly allocated by centre, each centre enrolling a multiple of three patients to maintain balance.   
Patients initially received identical education on the optimal use of glucose meters and finger-lancing devices, to test 4 times 
daily and to keep a specific diary to record the results. 
Study duration was for 6 months, HbA1c (determined using HPLC), total and short-acting insulin daily doses (IU/day), 
hypoglycaemic episodes (number/week), quality of practical determination of capillary blood glucose measurements (nurse 
assessments) were recorded at entry into the study (M0), and at 3 (M3) and 6 (M6) months.  
At entry patients filled in an acceptability questionnaire to precisely assess their opinion on the expected qualities of a SMBG 
system, and key components likely to be responsible for possible changes in compliance and metabolic control were recorded 
on a 10 point scale (1 unlikely to 10 very important). Patients also used a questionnaire and analogue scales to evaluate their 
judgement on the system of SMBG they currently used, its size, the fingerprick pain, global practicability, ease of use and 
time to display results.  
Compliance was assessed from either a blood glucose diary (Group A) or the results memorised in the monitor (B and C) 
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The number of weekly hypoglycaemic episodes was noted and the monitor reading was compared to the result of laboratory 
venous blood glucose. 
Patients were analysed on an intention to treat basis 

Reference / Citation  88 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Germer S, Campbell IW 1985 Home monitoring of blood glucose—patient preference for BM-test Glycemie 20-800 strips or 
glucometer. The British Journal of Clinical Practice 

N= N=32 in crossover design 
UK 

Research Design Randomised controlled trial  
Aim To assess which method of glucose self testing is most convenient to people with diabetes 
Population Type 1 diabetes 
Intervention Glucometer 
Comparison BM-Test Glycemie 20-800 strips 

Outcome Patient preference 
Characteristics (17 female, 15 male) age: 13–60 years, duration of diabetes: 6 months–32 years 

31 insulin treated patients, 1 patient controlled with oral hypoglycaemic drugs 
Results  Overall 30/32 patients preferred measuring blood sugar to urine testing and continued with home blood glucose monitoring 

after the study end. The remaining two patients were uncomfortable with pricking their fingers for blood samples.  
Average demonstration time: 
glucometer=30–40 min, for BM Glycemie strips=10 mins 
Clarity of instructions 
31 patients reported that instructions provided with the glucometer as clear. One 13 year old boy required further assistance 
with using the glucometer 
all patients reported instructions with the BM Glycemie strips as ‘clear’  
Convenience of use 
17 subjects reported BM Glycemie strips as more convenient. 14 patients felt the glucometer and strips were equally 
convenient. One patient found the glucometer more convenient, citing the built in timer as the main reason 
Number of tests to become confident with the technique 
BM Glycemie strips= 1–3 tests, Glucometer= 2–12 tests 
Advantages/disadvantages 
12 patients found the built in timer on the glucometer was an advantage compared to using a watch or clock with the BM 
Glycemie strips 
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5 patients recorded difficulties in collaborating the glucometer and felt this was a disadvantage 
11 patients had slight difficulties in matching the colours on the strips. Although this was only marked in two patients. 
One patient identified as red-green colour blind at the study outset expressed no difficulty in matching colours on the strips.  
Overall preference 
19 patients preferred the glucometer as a method of choice, 9 patients preferred using the strips and 4 patients had no 
particular preference 
Reasons for preferring glucometer (in order of frequency): more accurate, more confident of result, no decision required to be 
made to obtain result, could not match colours on BM Glycemie strip test, advantage of timer, not able to cheat with result, 
easier to put blood on the dextrostix 
The main reason for preferring the glucometer was more confidence in the result despite the fact that they were informed that 
both methods were equally accurate 
Reasons for preferring BM Glycemie (in order of frequency): Quicker, More convenient as no water required to clean strip, 
less complicated, more portable, less blood needed and easier to apply to strip 
Preference of own judgement of results rather than that of a machine, which could go wrong. 

Hierarchy of Evidence Grading Ib 

Comments Patients attended training at diabetic clinic in groups of 3, following which patients tested their own blood sugar under 
supervision 
Patients took demonstrated method home for a two week period and tested blood sugar for ���GD\V�SHU�ZHHN��IRXU�WLPHV�GDLO\ 
Most patients tested more frequently that required at the outset of the two week period to become experienced with the 
equipment 
After 2 weeks patients returned to the clinic and the alternative method was demonstrated and used for a further 2 weeks. 
At the end of the study discussion and a patient questionnaire was completed  
Glucometer depends on dextrostix read in a reflectance meter 
Method of patient selection not outlined. Source population not defined 
Randomisation of patients not outlined.  
More time spent educating patients in how to use the glucometer could influence patient confidence in test.  
More practice with glucometer in the initial stages of the trial may have lead to more accurate results and a resulting greater 
confidence in this test.  
Slightly more (6%) patients used the glycometer first compared to those testing the BM Glycemie strips first, which could 
influence patient decision.  
Follow-up period is very short 
No description provided for the type of questionnaire used, or whether this was a previously validated method of 
measurement. 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Edelman SV, Callahan P, Deeb LC 2000 Multisite evaluation of a new diabetes self-test for glucose and glycated protein 
(fructosamine). Diabetes Technology and Therapeutics 2 (2):233–238 

N= N=116 
Research Design Diagnostic study 
Aim To evaluate eth accuracy of fructosamine testing in glucose self monitoring 
Population Mixed diabetes population 
Intervention Duet glucose test and Duet GlucoProtein (fructosamine) test strip 
Comparison reference standard 

Outcome Confirmation of accuracy of glucose and fructosamine testing 
Characteristics aged: 16–18 years; Gender (M/F): 31/28 (IDDM); 29/28 NIDDM 
Results  Blood glucose test: 

Following a precision study using a low (5.5mM) and high (15mM) control, coefficients of variation observed at each site 
were 5.7, 3.1 and 2.3% and 3.4, 3.2 and 6.6% for low and high controls respectively.  
Combined correlation data show a regression coefficient of 0.97.  
Bias analysis of the correlation study yielded a bias of 5%, –4%,–6%, and –8% at 5.5, 11.1, 16.7 and 22.2 mM respectively.  
Error Grid Analysis of this data shows that 100% of the test results fall in the A and B region with no results fall in the C, D, 
or E region where a test result could lead to improper therapeutic adjustment.  
 
GlucoProtein (fructosamine) test: 
Precision studies at each of the WKUHH�VLWHV�XVLQJ�D�ORZ����� PRO�/��DQG�KLJK����� PRO�/��FRQWUROV�FRQVLVWLQJ�RI�JO\FDWHG�
human serum albumin provided in the test kit from the manufacturer. Coefficients for variation were 10.3, 11.3 and 1.04% and 
9.4, 7.2 and 12.1% for the low and high controls respectively (manufacturer reports 2.2 to 2.5%. on labelling)  
Combined correlation data from all sites showed a correlation coefficient of 0.72 (manufacturer reports 0.77on labelling). 
Bias analysis of the correlation study yielded a bias of 9%, 4%,–2%, and –5% at fructosamine values of 250, 350, 450 and 550 
PRO�/��UHVSHFWLYHO\� 

Sensitivity analysis was performed according to the manufacturer provided fructosamine values that indicate poor control and 
good control, enabling a two-by-two Gaddis analysis to be performed: 
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  Lab result 
  Good control Poor control 

Good control 50 (TN) 0 (FN) Self-test result 
Poor control 4 (FP) 12 (TP) 

 
Sensitivity: TP/(FN+TP) = 100%; Specificity: TN/(TN+FP) = 92% 
Accuracy: TN+TP/(TN+TP+FN+FP)= 95%; Positive predicative value: TP/(TP+FN) = 75% ability to identify poor control; 
Negative predictive value: TN/(TN+FN)= 100% ability to identify good control 
 
Overall analysis: 
The blood glucose test gave excellent precision and correlation to the laboratory standard method, the error grid analysis 
showing 97.5% of test results lying within the accurate A zone, and only 2.5% in the clinically neutral or benign errors B 
zone.  
Fructosamine test results confirmed the home test as accurate and appropriate for patient care. The test gave reasonable 
correlation to the laboratory test with very low bias.  
The imprecision of the test is larger than the laboratory test (~10% CV), however, the self test is effective at identifying 
patients with good versus poor glycaemic control. 
The Duet System therefore accurately measures both glucose and fructosamine from fingerstick capillary blood 

Hierarchy of Evidence Grading DS 

Comments Fingerstick puncture capillary blood glucose was tested in duplicate using the YSI model 1500 and once with the Duet 
Glucose test. The Duet strip�UHTXLUHV��� /�RI�FDSLOODU\�EORRG�DQG�JLYHV�WHVW�UHVXOWV�LQ���WR����VHFRQGV��GHSHQGLQJ�RQ�WKH�
glucose concentration of the sample. 
)LQJHUVWLFN�SXQFWXUH�FDSLOODU\�EORRG�ZDV�WHVWHG�RQFH�ZLWK�WKH�*OXFR3URWHLQ�IUXFWRVDPLQH�WHVW�VWULS��7KH�VWULS�UHTXLUH���� /�Rf 
capillary blood and gives test results in 4 minutes. For comparison a venipuncture blood sample of ECTA plasma was 
collected and tested in duplicate using the Roche Unimate laboratory test 
It is implied that ‘self-tests’  were carried out by clinicians, rather than by the patients themselves.  
Authors suggest that self-testing could overcome the problems with lab fructosamine testing because the latter is hampered by 
the impracticalities of lab testing every two to three w 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Cefalu WT, Wang ZQ, Redmon E, Bell-Farrow AD, McBride D, King T 1999 Clinical validity of self-test fructosamine in 
outpatient diabetic management. Diabetes Technology and Therapeutics 1(4):435–441 

N= N=51 
USA 

Research Design Diagnostic study 
Aim To assess the usefulness of fructosamine testing in blood glucose management  
Population Mixed diabetes population 
Intervention Fingerstick capillary blood sample tested on the new self-test fructosamine meter 
Comparison Venipuncture for laboratory determination of serum fructosamine  

Outcome Measurement of fructosamine 
Characteristics Age 24–72; average: 53±2 (diabetics); 44 ±3 (controls) 

Gender (M/F): 18/15 (diabetics); 6/12 (controls)  
Fasting glucose (mmol/L): 13.1±0.9 (diabetics); 5.5±0.13 (controls) 
GHb (%): 12.2±0.1 (diabetics) 5.4±0.1 (controls) 
)UXFWRVDPLQH�� 0������������GLDEHWLFV����������FRQWUROV� 

Results  The fingerstick fructosamine demonstrated good correlation with laboratory assessment by venipuncture in controls and 
subjects with diabetes. 
Correlation of fingerstick fructosamine with laboratory fructosamine: r=0.80, p less than0.001 
Correlation of fingerstick fructosamine with glycated haemoglobin: r=0.81, p less than0.001 

Hierarchy of Evidence Grading DS 

Comments Subjects evaluated in a fasting state 
All patients in normal health assessed with patient history, physical and laboratory evaluation of complete blood counts, liver 
function, renal and electrolyte evaluations and urinary microalbumin. 
Meter capable of performing an 8-second glucose test and a measure of glycated protein (fructosamine). The coefficient of 
variation for the self-test, determined for two levels of glycaemia was less than 5.0% at each level. Glycated protein level is 
GHWHUPLQHG�RQ�FDSLOODU\�EORRG�DQG�PHDVXUHG�LQ�PLFURPROHV�RI�IUXFWRVDPLQH�SHU�OLWUH�� PRO�/��RI�EORod. Results ������ PRO�/�
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indicate good control, ����� PRO�/�LQGLFDWH�SRRU�FRQWURO 
Stats analysed with Pearson coefficient and ANOVA where relevant 
Very strict exclusion criteria, thus conclusions may only be applicable to a subsection of the population covered by this 
guideline.  
No description of blinding of investigators 
Raw data only provided in abstract  
Reference standard test performed prior to ‘self-testing’ , so investigators potentially know outcome of one test prior to testing 
with the other.  
Study implies that fingerstick test was performed by the investigator rather than the patient, therefore not self-test 
Prospective study performed in type 2 diabetes patients only 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Maran A, Crepaldi C, Tiengo A, Grassi G, Vitali E, Pagano G, Bistoni S, Calabrese G, Santeusanio F, Leonetti F, Ribaudo M, 
Di Mario U, Annuzzi G, Genovese S, Ricardi G, Previti M, Cucinotta D, Giorgino F, Bellomo A,, Giorgino R, Poscia A, 
Varalli M 2002 Continuous subcutaneous glucose monitoring in diabetic patients. Diabetes Care 25:347–352 

N= N=70 
Italy 

Research Design Case series 
Aim To assess the usefulness of continuous glucose monitoring 
Population Mixed diabetes population 
Intervention Continuous glucose monitoring suing a subcutaneous glucose sensor (Glucoday)   
Comparison Venous blood glucose measurement 

Outcome Efficacy and accuracy of new glucose sensor  
Characteristics Type 1 diabetes = 43, Type 2 diabetes = 32 

Sex M/F: 32/38 Age: 47±17 years; BMI=24.9±3.2 kg/m2 ; retinopathy in 43%, nephropathy in 15% and neuropathy in 34% 
Results  Withdrawals 

60/70 patients successfully completed the 24 h monitoring and were analysed by an independent statistician 
In 1 patient monitoring was interrupted after a few hours due to vagal reaction; in 7 patients data were not correctly transferred 
to the computer unit and could not be analysed; In 2 patients venous blood samples were not collected.  
 
Acceptability 
Fibre insertion and the wearing of the device were well tolerated by all patients. Just over 50% of patients reported mild pain 
sensation during fibre insertion, and just under 50% reported mind discomfort during normal daily activities throughout the 
monitoring period 
No complications at the site of implantation were observed 
 
Blood glucose monitoring 
Subcutaneous glucose concentrations were well correlated with plasma levels: (r=0.9, r2=0.817, p less than0.001) 
Venous blood measurement showed 5.5% of values in the hypoglycaemic range 
Error grid analysis findings showed 97% of values were either totally exact (�����GHYLDWLRQ��RU�����DERYH�RU�EHORZ�WKH�



National Collaborating Centre 
for Chronic Conditions 

 

Page 21 of 168 

reference venous blood glucose values. Values that fall within this range are clinically acceptable 
Only three percent of patients values deviated outside this acceptable range to a point at which they deviated to a level that 
may be potentially dangerous with the possibility of making clinically significant mistakes. 
Bias percentage from reference was –2% in the hypoglycaemic range, 6.9% in the euglycaemic range and 11.2% in the 
hyperglycaemia range. 
Chi-squared heterogeneity test between the two blood glucose measuring techniques showed good correlation (p less 
than0.001) between the two methods 

Hierarchy of Evidence Grading III 

Comments Patients hospitalised for 24 h 
System takes glucose measurement every second and stores an average value every 3 min. Data can be visualised 
continuously through an infrared communicating port and downloaded on to a PC to enable observance of glucose profiles 
over a 24 hour continuous monitoring period. 
Nine venous blood samples collected during the 24 hour period: 1 hour after insertion (usually in the morning) ; before lunch; 
1, 2 and 3 h after lunch; before dinner; 2 h after dinner and at 3 am and 1 am on the next day. 
At study completion patients completed a questionnaire, ranking discomfort and pain during monitoring on a linear analogue 
scale 
Final patient questionnaire not previously validated 
No details of patient selection, exclusions on account of demographic data, or comparison with available population. 
Results were analysed by an independent statistician 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gross T, Ter Veer A 2000 Continuous glucose monitoring in previously unstudied population subgroups. Diabetes technology 
and therapeutics 2: S27–S34 

N= 238 
Research Design Case series 
Aim To evaluate the replicability of continuous blood glucose monitoring in a range of population subgroups 
Population Mixed diabetes population 
Intervention Continuous glucose monitoring system (CGMS) patients recorded capillary blood glucose levels 
Comparison Not applicable 

Outcome Accuracy of monitoring system measured by blood glucose values. 
Characteristics Sex (M/F): 102/136; Age (mean): 35.6±16.8 years; IDDM = 83%; duration of diabetes: 15.4±10.7 years; HbA1c:7.9±1.6% 
Results  Overall there was excellent agreement between the paired sensor and meter readings (correlation coefficient = 0.91) 

Median absolute percent difference = 12.6%  
 
Evaluated by demographic subgroups 
Correlation coefficient for each demographic subgroup was well above the cut-off criteria used by the CGMS software to 
identify optimal sensor calibration accuracy. (�������� 
No statistically significant differences in correlation coefficients were seen when comparing adult to paediatric patients, 
Caucasian to non-Caucasian patients, or patients with and without chronic illnesses.  
Patients with type 2 diabetes had a statistically lower correlation coefficient when compared to patients with type 1 diabetes 
(r=0.88vs.0.91, p=0.04), as did pregnant vs. non-pregnant subjects (r=0.84 vs. 0.90, p=0.0001) 
Percentage differences in each of the subgroups were well below the 28% cut-off criteria for optimal accuracy.  
Statistically significant differences were only seen between patients with type 1 and type 2 diabetes (12.6% vs. 10.6%, 
p=0.001), and pregnant patients had a statistically higher percentage difference between results compared to nonpregnant 
females (16.1 vs. 12.6%, p=0.0001) 

Hierarchy of Evidence Grading III 

Comments Physicians and their staff were given an orientation in CGMS and provided with all the necessary equipment. 
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Patients were asked to take ����ILQJHUVWLFNV�GD\�XVLQJ�WKHLU�RZQ�KRPH�EORRG�JOXFRVH�PHWHUV�DQG�WR�HQWHU�WKH�UHDGLQJV�LQWR�WKH�
CGMS monitor.  
Patients wore the CGMS at home for 3 days, at the end of which they returned to the medical office to have the sensor 
removed and the data downloaded and interpreted.  
Interpretation of data was performed by the healthcare provider.  
Each physician then returned the CGMS downloaded data along with anonymous demographic data and sensor insertion 
records, to the device manufacturer 
Absolute percent difference between each meter reading and its paired sensor reading for each subject 
Post marketing study  
Data evaluated by manufacturer, not by individual physicians.  
No details of validation of manufacturers results 
No raw data provided. All statistics are cumulative, no details given of individual patient results 
Results of CGMS performance statistics can be strongly influenced by the level and range of standard blood glucose meter 
values used to calculate them. 
Same meters are used to calibrate and evaluate the CGMS technique. 
No details given of timing of meter readings taken by the patients.  
No data given of whether patients continued with CGMS (as they were given the option to) after study completion 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gross TM, Bode BW, Einhorn D, Kayne DM, Reed JH, White NH, Mastrototaro JJ 2000 Performance evaluation of the 
MiniMed continuous glucose monitoring system during patient home use. Diabetes Technology and Therapeutics 2(1):49–56 

N= N=135 
USA 

Research Design Case series 
Aim To evaluate the accuracy of continuous monitoring systems 
Population Mixed diabetes population 
Intervention MiniMed continuous glucose monitoring system 
Comparison  Self-monitoring blood glucose  

Outcome Accuracy of CGMS, measured by correlation of blood glucose results 
Characteristics Age: 40.5±14.5 (4–70) years; duration of diabetes: 18.0±9.8 (0.8–42.8 years); IDDM = 87% 
Results  On average patients used CGMS for 4.2±2.0 (1–18) days 

2726 SMBG readings were available for pairing with sensor readings 
Blood glucose profiles demonstrated a close agreement between meter readings and the CGMS profile 
Overall correlation for the CGMS in a home setting was 0.91 
Overall bias between the sensor and meter readings were –3.2±33.7mg/dl, mean absolute difference = 18.0±19.8% 
For SMBG ����PJ�GO�PHDQ�GLIIHUHQFH� ������������60%*�EHWZHHQ����DQG�����mg/dl mean difference = 0.00±28.26, for 
SMBG greater than180 mean difference = –12.83±41.51 
96.2% of readings fell within a clinically acceptable error range 

Hierarchy of Evidence Grading III 

Comments Data received from 8 clinical sites 
Patients wore the CGMS at home for ����GD\V 
Patients took ����60%*�PHDVXUHPHQWV�HDFK�GD\�XVLQJ�WKHLU�RZQ�KRPH�EORRG�JOXFRVH�PHWHUV��VWDUWLQJ����K�DIWHU�LQVHUWLRQ�RI�
the CGMS monitor. 
Data was downloaded by physicians at the end of 3 days.  
Each clinical site completed a demographic questionnaire and returned the form along with the CGMS data download to the 
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device manufacturer 
No restrictions were placed on the participating physicians selection of patients, the reason for prescription, not the conditions 
of use.  
Study sponsored by MiniMed. Primary author MiniMed employee 
Authors state that initial orientation on the use of CGMS was given to each clinical site by either clinical research or 
marketing personnel, however, no formal study procedure was dictated. 
Demographic form for patient returned to the manufacturer along with CGMS download results 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Ellison JM, Stegmann JM, Colner SL,. Michael RH, Sharma MK, Ervin KR, Horwitz DL 2002 Rapid changes in postprandial 
blood glucose produce concentration differences at finger forearm and thigh sampling sites. Diabetes Care 25:961–964 

N= N=42 
USA 

Research Design Case series 
Aim An assessment of the replicability of blood glucose testing at various body sites 
Population Type of diabetes not recorded 
Intervention Capillary blood glucose concentrations measured at the forearm and thigh, using a blood glucose monitoring system and 

technician-obtained samples. 
Comparison Finger samples (verified with a laboratory instrument). 

Outcome Accuracy and reproducibility of testing at different sites. 
Characteristics Sex (M/F): 15/23; Age: 48.1±12.3 years; diabetes type (1/2): 13/25; BMI: 30.7±6.8 kg/m2 
Results  Laboratory evaluation before the study demonstrated strip-to-strip coefficients of variation of less than4% at blood glucose 

concentrations of ~40, 80, 250 and 450 mg/dL 
In both phases meter finger results at all time points were closely matched with the corresponding YSI plasma results.  
All sampling sites showed a large increase in blood glucose after the meal, followed by a levelling and a gradual decline 
thereafter 
Finger glucose concentrations peaked during the 90 min session, whereas forearm and thigh concentrations peaked at around 
120 min and at a lower glucose concentration. 
In each phase, between subject glucose variations were substantial yet consistent in magnitude across the three sampling sites 
at each time point.  
Repeated measures ANOVA for mean glucose showed statistically significant differences (p less than0.05) among sampling 
sites at 60 min. Differences for all other sampling sites and time points were not statistically significant.  
 
Analyses of covariates 
Analyses of the covariates of age, BMO, test time (am/pm), diabetes type, and insulin dependence, suggested that site 
differences were more pronounced in older subjects (greater than40 years), testing in the morning, and non-insulin treated 
patients. None of these differences were statistically significant. 
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 Diabetes type and BMI did not have a consistent effect on site differences.  
 
Percentage differences between sites 
Data suggests that the sign and magnitude of the forearm and thigh percentage differences might be related to the direction 
and rate of blood glucose changes 
At higher rates pf blood glucose change the differences between finger and alternate site blood glucose concentrations became 
greater.  
Linear regression analysis supports the observed relationship for both forearm (r=0.56, p less than.0001) and thigh (r=0.52, p 
less than0.001) percentage differences. 

Hierarchy of Evidence Grading III 

Comments Subjects provided relevant demographic medical, and dietary information; maintained normal diet and medication practices; 
acted as a source of blood samples for technician-performed tests 
Each phase consisted of six testing sessions (premeal and~60, 90, 120, 150 and 180 min post meal) in which subjects were 
tested with a glucose monitoring system using finger, forearm and thigh blood samples. 
Testing sessions scheduled to minimize impact on daily diabetes management regimes 
Items consumed by each subject at each meal were documented. Total carbohydrate content for breakfast=~226g and ~143 g 
for lunch. 
Skin punctures and glucose tests performed by trained technicians. Order of sites tested was varied between subjects, with 
minimal elapsed time between sites. 
Finger and forearm samples were collected from the same arm, the choice of arm varying between sessions. 
Meter system accuracy verified by comparing meter finger results with the corresponding Plasma glucose values 
Testing sessions were identified as nominal time points however, actual times between testing sessions varied slightly from 
subject to subject. 
Forearm and thigh sites were rubbed vigorously for several seconds to promote adequate blood flow, aided by a warming pad 
if necessary.  
Between-subject mean glucose concentrations at three sampling sites were compared using repeated measures ANOVA 
Glucose concentration differences between alternate sites (forearm and thigh) and finger meter measurements were calculated 
as percentage differences for each subject 
No details given of selection of patients 
No raw data given in results.  
Authors conclusion: Glucose values measured at forearm and thigh sampling sties might lag behind values obtained from the 
finger when glucose levels are changing rapidly. This lag may produce significant difference in blood glucose concentrations 
measured at these sites 
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Lock PJ, Szuts EZ, Malomo KJ, Anagnostopoulos A 2002 Whole-blood glucose testing at alternate sites. Diabetes Care 
25:337–341 

N= N=50 
USA 

Research Design Case series 
Aim An assessment of the replicability of blood glucose testing at various body sites 
Population Mixed diabetes population 
Intervention Finger tip testing 
Comparison Forearm testing 

Outcome Accuracy of testing at different sites measured in blood glucose and haemoglobin (Hb) concentration results 
Characteristics Sex (F): 50%; Age: 45.4±11.3 (18–65) years; Duration of diabetes: 17.9±11.4 years; Type 1 diabetes: 52%; % Type 2 diabetes 

on insulin treatment: 54.2%; BMI: 27.9±5.5 kg/m2; HbA1c:8.2±1.8% 
Results  Haemoglobin concentrations 

Significant variation in Hb concentration was found between the capillary beds of the forearm and fingertip.  
For all subjects Hb concentration in the arm was 15.7±1.8 g/dl, ~1.7 g/dl higher than in the fingertip (14.0±1.9 g/dl). This 
difference was not significant because interperson variability masks individual bias.  
When intraperson differences were calculated, this difference becomes significant.   
Approximately 90% of subjects had a higher Hb concentration in their arm than their fingertip. 
 
Glucose concentrations 
Mean difference for all participants between arm and finger blood glucose concentrations = –0.1% (measurement errors ~8%) 
Mean difference in subjects whose glucose concentrations varied ���PJ�GO� �–1±6%; ����PJ�GO� �–0.9±6% and greater 
than18 m/dl = 2±10% 
Differences between sites was small and insignificant 

Hierarchy of Evidence Grading III 

Comments In each patient the fingertip was lanced for initial assay with YSI; Forearm was lanced twice for consecutive assays of glucose 
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DQG�+E�FRQFHQWUDWLRQ��)LQJHUWLS�ODQFHG�RQFH�DQG�a���� O�EORRG�FROOHFWHG�IRU�JOXFRVH�DQG�+E�DVVD\V� 
The second two steps were then repeated twice so each assay was performed in triplicate. Mean of triplicates were used to 
calculate each subjects percent of glucose difference between arm and finger  
A final finger lancing for repeat glucose assay with the YSI analyser 
Assays were performed by two trained operators so that interperson variability was minimized. 
Control experiments were conducted to evaluate the contribution of various physical factors of equipment that might alter 
results during vacuum collection. Results indicated no significant effect on the outcome of these experimental techniques. 
Assays performed by trained operators 
Results taken in triplicate 
Because of the order in which replicates were collected, the two sites were equally affected by time-dependent changes, e.g. 
glucose drift. Thus mean values in these results should reflect the effects of intrinsic factors, if any, that could alter local 
glucose concentrations. 
Analysis was performed using the entire data set, with none of the data removed.  
No details given of rationale for recruitment of subjects into the study 
No exclusion/inclusion criteria are stated  
Neither intraperson differences nor measurement errors are provided for glucose measurements 

Reference / Citation   
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Q 9 What is the optimum form of self-monitoring of glucose control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Jungheim K, Koschinsky T 2002 Glucose monitoring at the arm. Diabetes Care 25:956–960 

N= N=17 
Germany 

Research Design Case series 
Aim An assessment of the replicability of blood glucose testing at various body sites 
Population Mixed diabetes population 
Intervention Capillary blood glucose samples analysed with approved SMBG devices in capillary blood taken from the fingertip 
Comparison Samples from  the forearm. 

Outcome Accuracy of blood glucose testing 
Characteristics Sex (M/F): 15/2; Age: 20–59 years (median 38); Type 1 diabetes n=13; Duration of diabetes: 2 weeks–28 years (median 13 

years); no complications in 12 patients; retinopathy n=5; sensorimotor neuropathy n=2; microalbuminuria n=2, impaired 
hypoglycaemia awareness n=5 

Results  Blood Glucose values 
No relevant differences between blood glucose values were seen at the finger and forearm at baseline (7.7 vs. 6.5 mmol/l, 
p=0.06) 
30–90 min after ingestion of glucose the rate of increase in blood glucose measured at the fingertip = 0.13±0.03 mmol/l/min. 
The individual maximal difference in blood glucose between the forearm and finger was 4.7 mmol/l. 
The decrease in blood glucose at the fingertip was also consistently larger than that at the forearm (15.0 vs. 12.0 mmol/l, p less 
than0.001) 
An individual maximal difference in blood glucose between forearm and finger of 5.4 mmol/l was observed 15–75 min after 
administration of insulin.  
At the first hypoglycaemic fingertip blood glucose value (�����PPRO�O�������RI�IRUHDUP�EORRG�JOXFRVH�YDOXHV�ZHUH������
mmol/l 
During the increase and decrease parts, blood glucose at the forearm was lagging behind blood glucose at the fingertip by a 
median of 27 min (6—91, p less than0.001), 35 min (22–67, p less than0.001) and 34 min (27–35, p less than0.05) at 14.p, 5.5 
and 3.5 mmol/l respectively. 
Forearm rubbing 
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A significant difference was seen following rubbing of the forearm in the eight patients in which this was performed.  
On average the maximal difference between forearm and finger was reduced during the increase part from 4.5±0.7 to 3.1±1.1 
mmol/l (p less than0.05) and during the decrease part from 4.8±1.1 to 3.0±0.9 mmol/l (p less than0.001) 

Hierarchy of Evidence Grading III 

Comments Recruitment of patients for testing was independently made by the caring physicians. Three patients from the original 
population refused to participate in this study due to the required additional BG sampling. 
Additional capillary whole blood samples were collected from the fingertip in parallel to the SMBG device and analysed in 
the laboratory. 
Laboratory values matched the respective fingertip values measured with the examined SMBG devices. 
Technical performance of all blood glucose monitors was evaluated and was within the limits expected for all SNBG devices 
of relative glucose deviation.  
Blood samples were collected in parallel (within 3 min) from the fingertip and the forearm every 15 min. 
Forearm skin was not rubbed before BG sampling, as recommended by some manufacturers, to avoid any disturbance of the 
normal regional blood flow. (except in a subgroup of patients (n=8) in which additional samples were taken from the other 
forearm after rubbing for 5–10s) 
Capillary blood samples collected by a trained research nurse 
No inclusion/exclusion criteria for patients. 
Very small study sample. 
Authors conclude that blood glucose testing at the forearm under metabolic steady-state conditions (e.g. fasting/preprandial 
state) can be a reliable and valuable alternative to blood glucose testing at the finger tip. However during rapid blood glucose 
changes the forearm should no be used for testing due to risky delays in detection of hypoglycaemia. 

Reference / Citation   
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7.2 Glucose control assessment levels 
Not applicable  
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7.3 Insulin regimens 
 

 
  

Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  NICE 2002 Guidance on the use of long-acting analogues for the treatment of diabetes - insulin glargine. Technology 
Appraisal Guidance No.53 

N= 6 fully published open-label RCTs: four in type 1 diabetes (two in type 2 diabetes) 
Seven studies published only in abstract form were also reviewed, and one unpublished abstract made available by 
manufacturer. 
Three observational studies were also presented by the manufacturer. 
UK 

Research Design Systematic review / guidelines 
Aim To assess the usefulness of alternative insulin regimens 
Population Mixed diabetes population 
Intervention Once daily insulin glargine 
Comparison Once- or twice-daily NPH 

Insulin doses were titrated and adjusted in an attempt to achieve target fasting blood glucose (FBG). This phase was followed 
by a post-titration period in which insulin doses were kept stable for each individual. 

Outcome Primary outcome: All studies used a measure of glycaemic control, either fasting blood glucose (FBG), fasting plasma glucose 
(FPG) or HbA1c  
Secondary outcome: The incidence and severity of hypoglycaemic episodes (classified as nocturnal, symptomatic or severe) 
were also reported) 

Characteristics Varied between studies 
Results  Type 1 diabetes 

Glycaemic control 
In all four fully published studies, mean change in FPG from baseline was significantly greater in the groups using insulin 
glargine compared with those using NPH. 
The difference between mean changes from baseline across the trials ranged from 1.34 mmol/l and 2.23 mmol/litre. 
In three trials, insulin glargine was significantly superior to NPH in terms of reducing FBG (difference in mean change 0.71-
1.50 mmol/litre) 
The fourth study showed no significant difference between insulin glargine and NPH for this endpoint. 
 
Haemoglobin A levels 
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Three of the four studies reported no statistically significant differences in HbA1c between groups receiving insulin glargine 
over NPH. 
One study showed an overall statistically significant superiority of insulin glargine over NPH in terms of reducing HbA1c; 
however, the duration of this trial was only 4 weeks. 
 
Incidence of nocturnal hypoglycaemic episodes 
One study reported a significantly smaller percentage of people experiencing nocturnal hypoglycaemic in the insulin glargine 
groups taken together compared with the NPH group over the whole duration of the trials (36% vs 56% respectively; p less 
than0.01). However, over the post-titration phase the difference was significant for only one glargine formulation compared 
with NPH (8% vs 19%, p less than0.05). In this study, there was a clear advantage of insulin glargine over NPH once daily in 
reducing hypoglycaemia, but the percentages of individuals with nocturnal hypoglycaemia were very similar when insulin 
glargine was compared with NPH twice daily. One study reported fewer episodes of nocturnal hypoglycaemia in the group 
using insulin glargine compared with the group using NPH in the post-titration phase. One study showed no difference 
between insulin glargine and NPH in the incidence of nocturnal hypoglycaemia. One study did not distinguish nocturnal 
hypoglycaemia from other hypoglycaemic episodes. 
 
Incidence of symptomatic hypoglycaemic episodes 
One study reported a smaller percentage of people experiencing symptomatic hypoglycaemia in the group using insulin 
glargine compared with the group using NPH for both the whole trial and the post-titration phases (40% vs 49% respectively 
for the post-titration phase only; figures were not reported for the whole trial). Two studies showed no difference between 
groups in the incidence of symptomatic hypoglycaemia in either the entire trial period or the post-titration phase. The fourth 
study did not distinguish symptomatic hypoglycaemia from other hypoglycaemic episodes. 
 
Incidence of severe hypoglycaemic episodes 
Of the three studies reporting severe hypoglycaemia, only one reported that a significantly smaller percentage of people 
experienced severe episodes of hypoglycaemia in the insulin glargine group compared with the NPH group in the post-
titration phase (1.9% vs 5.6% of the patients respectively: p less than0.05). Two studies reported no significant differences 
between groups in terms of severe hypoglycaemia during either the entire trial period or the post-titration phase. 
 
Observational studies 
The analysis of a large observational dataset from Germany, which contains data on approximately 10,000 individuals and is 
managed by the manufacturer, showed a 1.7% reduction in HbA1c levels in people with type 1 diabetes compared with 
baseline when they were treated with insulin glargine for up to 8 weeks.  In the same dataset, 70.3% of people with type 1 
diabetes reported fewer hypoglycaemic episode when they were receiving insulin glargine. 
Another unpublished observational study using a US database (of 489 people with diabetes) reported a 0.36% reduction in 
HbA1c levels compared with baseline in people with type I diabetes 
 
Guidance for type I diabetes 
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On the balance of effectiveness and cost-effectiveness evidence, Insulin glargine is recommended as a treatment option for 
people with type I diabetes 
 
Future research 
The degree to which individuals’  quality of life is affected by increased awareness and uncertainty of their daily blood glucose 
status and their recognition of the need to achieve a balance between the risk of hypoglycaemic and the benefits of longer-term 
glycaemic control 
The duration and severity profile of hypoglycaemic episodes, which may differ between individuals. It is also recommended 
that the method of documenting hypoglycaemic episodes in future clinical studies in this area is improved (to include the 
duration of the episode and time of the day in which the episode occurred) to allow the impact on quality of life to be better 
appreciated. 
The effectiveness and cost effectiveness of insulin glargine as part of a multiple-daily-injection regimen compared with 
insulin pump therapy 

Hierarchy of Evidence Grading NICE 

Comments Implications for the NHS 
 The impact of insulin glargine on the NHS budget will depend on the epidemiology of the target population, the cost of 
insulin glargine and the expected uptake rates for insulin glargine 
It is estimated that up to 137,000 individuals would be eligible for insulin glargine treatment (type I and type 2 diabetes) 
The incremental cost of insulin glargine (based on vial costs) is assumed to be £101 per annum for people with type I diabetes 
(annual cost of insulin glargine is £203 and annual cost of NPH is £102) 
 
Provides evidence-based clinical practice for the National Service Framework 
Guidance to be considered for review in 2005. 
Appraisal process involves the manufacturer of the technology for which guidance is being produced and the organisations 
that represent the healthcare professionals, patients and carers who will be affected by the guidance. Appraisal takes about 12 
months to complete. 
Guidance was peer-reviewed and made available for consultation prior to publication of the final report. 

Trials included  See original study 
Reference / Citation  132 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Egger M, Davey G, Stettler SC, Diem P 1997 Risk of adverse effects of intensified treatment in insulin-dependent diabetes 
mellitus: A meta-analysis.  Diabetic Medicine 14:919-928 

N= Fourteen trials identified. N = 1028 type 1 patients allocated to intensified and 1039 allocated to conventional treatment. 
Most studies were parallel studies. 14 studies included 15 trials and contributed 16 comparisons between intensified and 
conventional insulin regimens. 

Research Design Meta-Analysis 
Aim To evaluate the risks of alternative insulin regimens 
Population Type 1 diabetes 
Intervention Intensified insulin treatment regimens 

Patients randomised to intensified treatment either received pump treatment (9 trial arms), multiple daily injections (4 trial 
arms) or could choose between the two intensified regimens (3 trial arms). 

Comparison Conventional treatment inpatients with type 1 diabetes. 
Conventional treatment typically consisted of twice-daily injection regimens without frequent blood glucose self-monitoring. 

Outcome Primary outcome: Progression of chronic complications of diabetes - Severe hypoglycaemia, ketoacidosis and death  
Characteristics Varied between studies 
Results  Severe hypoglycaemia 

A total of 846 patients suffered from at least one episode of severe hypoglycaemia, 175 patients experience ketoacidosis and 
26 patients died. 
Combined odds ratio (95% CI) for hypoglycaemia was 2.99 (2.45-3.64), for ketoacidosis 1.74 (1.27-2.38) and for death from 
all causes 1.4 (0.65-3.01). 
The risk of severe hypoglycaemia was determined by the degree of normalisation of glycaemia achieved. 
Ketoacidosis 
Ketoacidosis risk depended on the type of intensified treatment used – odds ratios were 7.20 (2.95-17.58) for exclusive use of 
pumps, 1.13 (0.15-8.35) for multiple daily injections and 1.28 (0.9-1.83) for trials offering a choice between the two. 
Mortality 
Mortality was significantly (0.007) increased for causes potentially associated with acute complications (7 vs. 0 deaths, 5 
deaths attributed to ketoacidosis, and 2 sudden deaths), and non-significantly (p=0.16) decreased for microvascular causes. 
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Hierarchy of Evidence Grading Ia 

Comments Each study was graded for its methodological quality. Logistic regression was used for calculation of combined odds ratios 
and 95% confidence intervals. 
Statistical analysis was by fixed effects method. 
Chi-squared test used to test for heterogeneity. 
Sensitivity analysis performed. 
The influence of covariates was examined using covariate-by-treatment interaction terms. 
Methodological study quality was assessed and sensitivity analyses performed. 
Conclusion – substantial risk of severe adverse effects associated with intensified insulin treatment. Mortality from acute 
metabolic causes is increased; however, this is largely counterbalance by a reduction in cardiovascular mortality. 

Trials included  See original trial 
Reference / Citation  129 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Davey P, Grainger D, MacMillan J, Rajan N, Aristides M, Gliksman M 1997 Clinical outcomes with insulin lispro compared 
with human regular insulin: A meta-analysis.  Clinical Therapeutics 19:656-674 

N= (2361 patients)  
Eight randomised, controlled trials 

Research Design Meta-analysis 
Aim A comparison of insulin types 
Population Type 1 and Type 2 diabetes 
Intervention insulin lispro 
Comparison Compared with human regular insulin 

Outcome Primary outcome: postprandial glycaemia control, including postprandial glucose excursion (therapeutic success = decrease in 
postprandial glucose levels to less than 8 mmol/L, a 2 hr postprandial blood glucose level within 20% of the pre-meal level, or 
a decrease from baseline in 2-hour postprandial glucose excursion greater than or equal to 50%.  
Secondary outcome: Overall glycaemic control and hypoglycaemic episodes 

Characteristics Varied between studies 
Results  Pooled studies (patients with type I and type II diabetes) 

Dichotomous outcomes 
Insulin lispro was found to offer statistically significant advantages over human regular insulin in terms of risk difference and 
odds ratios for predefined outcomes related to postprandial glucose control. 
The number of patients achieving a postprandial glucose levels of less than8mmol/L showed a statistically significant 
difference in favour of insulin lispro (p less than0.00001) 
No significant differences were seen between the insulins in terms of the number of patients achieving a 2-hour postprandial 
blood glucose levels within 20% of the pre-meal level or at least a 50% decrease from baseline in 2-hour postprandial glucose 
excursion. 
Continuous outcomes 
Postprandial blood glucose control (1-hour postprandial blood glucose, 2-hour postprandial blood glucose, and 1- and 2-hour 
glucose excursion) showed statistically significant differences in favour of insulin lispro (p less than0.02, p less than0.001, p 
less than0.001 and p less than0.001, respectively) 
No significant differences were seen in the weighted mean differences for measures of long-term glycaemic control (glycated 
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haemoglobin HbA1c), fasting blood glucose, and hypoglycaemic rate per 30 days. 
 
Studies in patients with Type 1 diabetes 
Dichotomous variables 
Significantly more patients had a decrease in postprandial blood glucose level less than 8mmol/L with insulin Lispro (p less 
than0.0001). 
Continuous variables 
 Significant differences in favour of insulin lispro were seen in 2-hour postprandial blood glucose level (p less than0.05) and 
in 1-hour (p less than0.02) and 2-hour (p less than0.01) glucose excursion. 
No differences were seen in the weighted mean differences for HbA1c, fasting blood glucose and hypoglycaemic rate per 30 
days. 

Hierarchy of Evidence Grading Ia 

Comments Fixed-effects and random-effects methods were used for dichotomous variables. 
Odds ratios and absolute risk differences were calculated. 
Chi-square statistic used to test for lack of homogeneity. 
For continuous variables, weighted least0squares estimation with weighting by study precision was used to obtain pooled 
fixed-effects estimate of the mean difference in response. 
A 95% confidence interval was give for each treatment difference. 
Meta-analysis of studies involving 2361 patients demonstrated significant differences in favour of insulin lispro in outcomes 
related to postprandial glycaemic control. 
This improvement in glycaemic control was apparently achieved without an increase in the rate of hypoglycaemic episodes. 

Reference / Citation  137 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Shukla, VK, Otten, N 1999 Insulin lispro: a critical evaluation. 1895561728. Technology Report Issue 18. Canadian 
Coordinating Office for Health Technology Assessment (CCOHTA). 

N= n = 2558 people with Type I diabetes 
Research Design Systematic review 
Aim To evaluate the efficacy of insulin Lispro 
Population Type 1 diabetes 
Intervention insulin lispro 
Comparison regular insulin 

Study duration 2-12 months 
Outcome Glycaemic control as measured by postprandial rise in serum glucose and postprandial glucose excursions (pre-test glucose 

subtracted from 1 and 2 hour postprandial values) 
Glycaemic control as measured by the surrogate marker Haemoglobin A1 
Incidence and severity of hypoglycaemia 

Characteristics Varied between studies 
Results  Glycaemic control 

Lispro injection significantly decreases the postprandial rise in serum glucose, as well as postprandial glucose excursions 
compared to regular insulin therapy 
Lispro controlled the postprandial plasma glucose concentrations significantly better than regular insulin in patients with type 
I diabetes.  

Haemoglobin A1 levels 
No consistent effects of Lispro on HbA1c levels have been found in comparison to regular insulin therapy. A number of 
studies detect no significant difference between groups, whereas other studies have shown significant decreases in HbA1c 
levels with lispro treatment compared with regular human insulin. Such differences may also be accounted for by a number of 
other factors, including a change in dietary habits or an increase in total insulin daily dose. 

Hypoglycaemia in intensive insulin therapy 
In two 3-month studies comparing lispro administered in continuous subcutaneous infusion and regular insulin using an 
insulin pump no significant difference in the frequency of hypoglycaemic per 30 days was observed. 
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In one study the rate of occurrence of very low blood glucose (less than2mmol/l) was significantly reduced with lispro 
Hypoglycaemia in regular insulin therapy 
Lispro significantly reduced hypoglycaemic episodes in patients with type I diabetes 
No significant difference in the frequency of severe hypoglycaemic episodes was observed between lispro and regular human 
insulin in individual clinical trials; however, a meta-analysis which included three parallel and five crossover design 
multicentre clinical trials in patients with type I diabetes concluded that the incidence of severe hypoglycaemic episodes was 
significantly less in the lispro group compared with regular human insulin group 

Hierarchy of Evidence Grading Ia 

Comments In the individual clinical studies, lispro improved postprandial glucose profiles; however, its role in improving glycaemic 
control based on HbA1c levels has not been fully established. 
There is no firm evidence to support a reduced frequency of symptomatic hypoglycaemia by lispro treatment in patients with 
type I diabetes 
The long-term safety profile of insulin lispro has not yet been established. 

Trials included  See original study 
Reference / Citation  149 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Brunelle RL, Llewelyn J, Anderson JH, Jr., Gale EAM, Koivisto VA 1998 Meta-analysis of the effect of insulin lispro on 
severe hypoglycaemia in patients with type 1 diabetes.  Diabetes Care 21:1726-1731 

N= Studies included 2576 type 1 diabetes patients, with 2,327 receiving insulin lispro and 2,339 receiving regular human insulin 
Eight large multicentre clinical trials, three with parallel and five with crossover designs 

Research Design Meta-analysis 
Aim To evaluate the pooled treatment effect of insulin Lispro 
Population Type I diabetes 
Intervention Insulin lispro 
Comparison Regular human insulin (Humulin R or Actrapid) before each meal 

Outcome Primary outcome: Severe hypoglycaemia, defined as coma or requiring glucagons or intravenous glucose.  
Characteristics Varied between trials  
Results  72 patients (3.1%) had a total of 102 severe hypoglycaemic episodes during insulin lispro therapy, compared with 102 (4.4%) 

patients with a total of 131 episodes during regular human insulin therapy (p = 0.024) 
In no instance was there a statistically significant difference between the treatments for the incidence of severe hypoglycaemic 
events within the individual studies. 
No significant difference in the diurnal distribution of severe hypoglycaemia between the two therapies.  

Hierarchy of Evidence Grading Ia 

Comments Meta-analysis of studies involving 2576 type 1 diabetic patients demonstrated that the frequency of severe hypoglycaemia 
could be reduced by taking insulin lispro as compared with regular human insulin therapy. 
Study quality was assessed by reviewing the designs and implementation of each study. 
Cochran-Matel-Haenszel test was used to compare the treatment groups for the incidence of severe hypoglycaemic events. 
Sensitivity analysis was performed to examine effects of various studies on overall outcome. 
Chi-squared test used to compare numbers of patients experiencing at least one severe hypoglycaemic event between study 
groups. 
Crossover data was split to make crossover data look like parallel study. 

Trials included  See original study 
Reference / Citation  148 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Lalli C, Ciofetta M, Del Sindaco P, et al 1999 Long-term intensive treatment of type 1 diabetes with the short-acting insulin 
analog lispro in variable combination with NPH insulin at mealtime.  Diabetes Care 22:468-477 

N= 56: lispro = 28, human insulin =28 
Italy 

Research Design Randomised Controlled Trial 
Aim To compare effectiveness of human and artificial insulin 
Population Type 1 diabetes 
Intervention Lispro (Humalog) at meals  

Lispro was injected at mealtime 
With lispro, NPH was added at breakfast (~70/30), lunch (~60/40), and supper (~80/20) to optimised premeal and bedtime 
blood glucose 

Comparison Regular human insulin (Hum-R) at meals  
Hum-R was given 10-40 minutes before meals. 

Outcome Effect on glycaemic control  
Characteristics Type 1 diabetes, treated with intensive insulin therapy at attend clinic at least quarterly every year. C-peptide negative. 

 
Results  Insulin dosage 

Total daily insulin units were no different in the two treatment groups, but with lispro ~30% less short-acting insulin at meals 
and ~30% more NPH was needed versus Hum R (p less than0.05). Bedtime NPH dosage was no different. 
Glycaemic control 
With lispro + NPH, the mean daily blood glucose was lower than with Hum R (8.0 ± 0.1 vs. 8.8 ± 0.1mmol/l; p less than0.05) 
as a result of lower post meal (8.1 ± 0.2 vs. 9.7 ± 0.2 mmol/l; p less than0.05) and fasting, premeal, bedtime and 0300 blood 
glucose (8.1 ± 0.2 vs. 8.3 ± 0.2; p = 0.07) 
With lispro + NPH, the mean HbA1c was lower than in the Hum-R group (6.34 ± 0.10 vs. 6.71 ± 0.11%, mean value over 1 
year, p less than .002) and hypoglycaemia was less frequent (7.4 ± 0.5 vs. 11.5 ± 0.7 episodes/patient month) and tended to 
occur more within 90 min after meals than in the post absorptive state (p less than0.05) 
After 1 year, plasma adrenaline and symptoms responses to experimental stepped hypoglycaemia improved with lispro and 
were closer t the responses of 12 nondiabetic control subjects versus Hum-R both in terms of thresholds and magnitude (p less 
than0.05) 
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Hierarchy of Evidence Grading Ib 

Comments 1 month run-in period   - patients continued their previous model of insulin therapy (Hum R) at breakfast, lunch, dinner and 
NPH insulin at bedtime. 
During run-in and treatment periods, patients were seen at 1-2 week intervals. 
In the Hum-R and lispro groups, 20 and 18 patients, respectively, mixed lispro or Hum-R with NPH insulin in syringes. The 
remaining patients used separated injections with insulin pens to administer short- and intermediate-acting insulin. 
Of 56 type 1 patients, 36 added NPH to regular insulin at lunch to optimise predinner glucose. 
Patients were randomly assigned to two groups and studied for 12 months. 
Patients aimed at 90 min post meal blood glucose of 9-10 mmol/l and fasting and premeal glucose 7-8 mmol/l 
Open label as different pharmacokinetics for insulins require different intervals before mealtime. 
Baseline characteristics of patients similar at start of trial 
Glycaemic thresholds were defined as the plasma glucose concentration at which the parameter first exceeded the 95% CI 
limit observed for changes in that parameter at the corresponding time point in normoglycaemic control experiments 
Euglycaemic control experiments were performed in all 12 volunteers and 12 type 1 diabetic patients, whose results did not 
differ from those of the nondiabetic patients. 
Because of difference in units of treatment, results of cognitive tests were transformed to z scores 
Data were analysed by paired and, when appropriate, unpaired t tests after analysis of variance for crossover 

Reference / Citation  138 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Anderson JH, Brunelle RL, Koivisto VA, Pfutzner A, Trautmann ME, Vignati L, DiMarchi R. 1997 Reduction of postprandial 
hyperglycemia and frequency of hypoglycaemia in IDDM patients on insulin-analog treatment. Multicenter Insulin Lispro 
Study Group.  Diabetes 46:265-270 

N= 1008 
Research Design Randomised Controlled Trial 
Aim To evaluate the frequency of hypoglycaemia with insulin lispro treatment 
Population Type 1 diabetes 
Intervention Insulin lispro (Humalog U-100) 
Comparison regular human insulin (Humulin R U-100) in the mealtime treatment 

Outcome Glycaemic control 
Characteristics type 1 diabetes according to WHO criteria, between the ages of 12 and 70 years, and had been on human insulin therapy for at 

least 2 months 
Results  Glycaemic control 

Postprandial rise in serum glucose was significantly lower during lispro therapy 
At endpoint, postprandial rise in serum glucose was reduced at 1h by 1.3mmol/l and at 2h by 2mmol/l in patients treated with 
insulin lispro (p less than0.001). 
HbA1c levels improved significantly and equally in both treatment groups during the study. 
Hypoglycaemia 
The rate of hypoglycaemia was 12% less with insulin lispro (6.4 ± 0.2 vs. 7.2 ± 0.3 episodes/30 days, p less than0.001), 
independent of basal insulin regimen or HbA1c level. – The reduction was observed equally in episodes with or without 
symptoms. 
Number of hypoglycaemic episodes was less with insulin lispro than with regular human insulin therapy during three of four 
quarters of the day (p less than0.001). 
The largest relative improvement was during the night. 

Hierarchy of Evidence Grading Ib 

Comments Insulin lispro injected immediately before the meal, and regular human insulin injected 30-45 minutes before the meal. 
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NPH insulin (Humulin N U-100) or ultralente insulin (Humulin U U-100) were used for basal substitution using a pen. 
After 2-4 week lead-in period, patients were randomised to one of two treatment sequences 
1) Multiple premeal dose therapy with regular human insulin for 3 months  
2) Multiple premeal dose therapy with insulin lispro for 3 months 
After 3 months the patients groups crossover to the alternative therapy 
Self-monitoring of glucose was basis for insulin adjustments. 
One-and two-hour blood glucose values were determined after test meals at baseline and monthly intervals to determine 
postprandial glucose control. 
Not blinded to allow both rapid-acting insulins to be given at recommended time intervals before meal. 
Crossover model used to evaluate carryover and treatment effects 
No evidence of carryover effect observed. 
Within-treatment comparisons performed using paired t-test. 
Data from all patients included in analyses using intent-to-treat methodology. 
Analyses were performed using endpoint value, and last observation carried forward 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Pfutzner A, Kustner E, Forst T, Schulze-Schleppinghoff, Trautmann ME, Haslbeck, Schatz H, Beyer J 1996 Intensive insulin 
therapy with insulin lispro in patients with type 1 diabetes reduces the frequency of hypoglycemic episodes.  Experimental & 
Clinical Endocrinology & Diabetes 104:25-30 

N= N = 107 
Research Design Randomised Controlled Trial 
Aim Comparing human and artificial insulin 
Population Type 1 diabetes 
Intervention Insulin lispro 
Comparison Regular human insulin  

Outcome Glycaemic control measured by pre-test blood glucose, 1 and 2 hour postprandial glucose excursions, glycated haemoglobin 
levels, frequency and severity of hypoglycaemic episodes and daily insulin doses, body weight, insulin antibodies and the 
number and severity of adverse event. A questionnaire was used to measure quality of life aspects. 
All tests performed in central laboratory 

Characteristics (53 male, 54 female; mean age 32 ± 9.7 years, range 18-65 years) Mean duration of diabetes was 9.55 ± 7.74 years. 
Results  HbA1c values were equal and remained stable with both treatment regimens 

With insulin lispro the number of hypoglycaemic episodes was significantly lower 8.57 ± 0.7 episodes/month vs. 9.61 ± 0.72 
episodes/month, p = 0.008 
With insulin lispro the 1 and 2 hour blood glucose excursions decreased to a greater extent compared with the regular human 
insulin group. 
With insulin lispro a significant improvement was seen for treatment satisfaction compared with regular human insulin. 

Hierarchy of Evidence Grading Ib 

Comments 2-4 week lead-in period treated with regular human insulin and NPH human insulin as basal insulin. 
Patients were then randomised to received either lispro and human NPH or regular human insulin and human NPH  
Crossover took place after three months of treatment 
Study continued for another 3 months 
Study was not blinded to allow both rapid acting insulins to be given at the optimum time interval before the meal. 
The statistical crossover analysis was performed using both parametric and nonparametric techniques 
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97 of 107 included patients completed the trial 
Reasons for patient discontinuation were patient decision (3 cases), lack of efficacy of insulin lispro as perceived by the 
investigator (2 cases), violation of entry criteria (1 case) and one adverse event. 
Pre-test blood glucose values tended to be lower in the patients treated with insulin lispro (ns) 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Renner R, Pfutzner A, Trautmann M, Harzer O, Sauter K, Landgraf R 1999 Use of insulin lispro in continuous subcutaneous 
insulin infusion treatment: Results of a multicenter trial.  Diabetes Care 22:784-788 

N= 113 
Germany 

Research Design Randomised Controlled Trial 
Aim To evaluate the effects of infused artificial insulin in people with diabetes 
Population Type 1 diabetes 
Intervention Insulin lispro 
Comparison Regular human insulin, both applied with insulin pumps for 4 months each. After treatment period of 4 months, a crossover to 

the alternative regimen occurred and the study was continued for another 4 months 
Outcome HbA1c, daily and postprandial blood glucose profiles, adverse events, rate of hypoglycaemic (less than3.5 mmol/l) and 

hyperglycaemic events, number of catheter obstructions and treatment satisfaction. 
Basal insulin rate at mealtime, prandial insulin doses, body weight and the number and severity of adverse events were 
recorded. 
Hypoglycaemic episodes were recorded by the patient in a self-monitoring diary. 
A treatment satisfaction questionnaire was completed by the patients at the beginning of the study and at the end of each 
treatment arm 

Characteristics 60 male, 53 female, age 37 ± 12 years, duration of diabetes 19 ± 9 years 
Results  With insulin lispro treatment, postprandial blood glucose excursions were significantly reduced (p less than 0.001), resulting 

in smaller meal-related blood glucose increases after every meal. 
With insulin lispro treatment daily blood glucose control was more stable compared with human insulin 
With insulin lispro mean blood glucose values were significantly less at 10pm (p less than 0.001), whereas no difference was 
observed at 2 am. 
With insulin lispro the mean HbA1c value at end point was significantly lower than with regular human insulin. 
There were no significant differences between groups in the average number of hypoglycaemic episodes per patient. 
There were no significant differences between groups in insulin doses. 
The questionnaire used to assess the satisfaction of patients with each therapy (max score 48) showed a statistically significant 
result in favour of insulin lispro (35.16 ± 4.25 vs. regular 32.36 ± 5.87, p less than 0.001) 
Side effects 
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The most frequently reported adverse events in both groups were infections (lispro 19.4%, regular 21.1%; mainly common 
cold) and rhinitis (lispro 15.8%, regular 13.8%) 
Among adverse events possibly related to study drug, the most frequent was ketosis, reported by five (4.5%) patients receiving 
lispro and four (3.7&) patients receiving regular human insulin. 
Four (3.7%) patients during insulin lispro treatment and two (1.8%) patients during regular human insulin treatment reported 
injection site reactions.  
No significant difference between insulin lispro and regular human insulin in the rate and number of catheter occlusions. 

Hierarchy of Evidence Grading Ib 

Comments Study was not blinded to allow both insulins to be given at the optimum time interval before the meal 
During lead-in period of 4 weeks, patients were treated with CSII therapy with regular human insulin allowing basal rates and 
meal related bolus doses to be optimised. 
 
Open label to allow for different action profiles of insulin types. 
Baseline characteristics between patients not compared 
No power analysis included 
Effect of treatment assessed by two-sided analysis of covariance. 
Dependent variables were treatment period, premeal glucose, insulin dose and basal insulin, all of which were recorded during 
the run-in period. 
Differences in secondary parameters were determined by analysis of variance with patient, treatment and period terms. 
No details of randomisation method. 
No details for allocation concealment.  
Treatment and control groups similar at start of trial. 
No details of patient follow up 

Reference / Citation  141 
 
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 52 of 168 

 
 

 
 

Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Holleman F, Schmitt H, Rottiers R, Rees A, Symanowski S, Anderson JH, Benelux-UK Insulin Lispro study group 1997 
Reduced frequency of severe hypoglycaemia and coma well-controlled IDDM patients treated with insulin lispro.  Diabetes 
Care 20:1827-1832 

N= 199  
Lispro-regular sequence n = 96 
Regular-lispro sequence n = 103 
European  

Research Design Randomised Controlled Trial 
Aim Outcomes of hypoglycaemia are studies following treatment with insulin lispro 
Population People with type I diabetes recruited into trial   
Intervention Insulin lispro in combination with NPH insulin 
Comparison Regular insulin in combination with NPH insulin 

Outcome Glycaemic control as measured by HbA1c, home blood glucose measurement, rate and timing of hypoglycaemic events, 
evaluation form regarding therapy-related quality of life. 
Patients noted time, severity, symptoms and therapy of subjective and objective hypoglycaemic events. 
Study not blinded due to differences in time-action profiles. 

Characteristics (126 men, 73 women) 
Baseline characteristics for the two groups did not differ significantly 

Results  HbA1c levels were similar for both treatments. 
With insulin lispro treatment meal-related glucose excursions were significantly lowered (mean excursion –0.8 ± 1.7 mmol/l 
vs. 1.1 ± 1.6 mmol/l, p less than 0.001) 
With insulin lispro treatment predinner glucose was higher (8.7 vs. 7.5 mmol/l, p less than 0.001) 
With insulin lispro the daily glucose variability was significantly lower. 
There were no significant differences in overall hypoglycaemia rates. 
With insulin lispro, severe hypoglycaemia (36 vs. 58 episodes p = 0.037) including coma (3 vs. 16 episodes, p = 0.004) were 
significantly reduced. 
With insulin lispro hypoglycaemia occurred earlier compared with regular insulin (4.3h vs. 5.2h, p less than 0.001) 
With insulin lispro, the frequency of nocturnal hypoglycaemia was significantly decreased 



National Collaborating Centre 
for Chronic Conditions 

 

Page 53 of 168 

With insulin lispro, the frequency of morning hypoglycaemia significantly increased 
With insulin lispro patients expressed more flexibility in their lifestyle in general (86% as easier vs. 2% as more difficult, p 
less than0.001), timing of meals (70 vs. 3%, p less than0.0001), planning of physical (51 vs. 9%, p less than0.0001) and social 
activities (60 vs. 8%, p less than0.0001)  
Of 199 randomised patients, 144 elected to continue treatment with insulin lispro 

Hierarchy of Evidence Grading Ib 

Comments Run-in period of 4 weeks during which treatment with regular insulin in combination with NPH insulin was optimised. 
Randomised for 12 weeks to be treated with Insulin lispro in combination with NPH insulin vs. regular insulin in combination 
with NPH insulin 
Study visits at baseline, after run-in period and after 4 and 12 weeks of each treatment. 
Patients to inject regular insulin half an hour before meals and to inject insulin lispro immediately before meals. 
Premeal insulin adjusted to achieve target glucose value of less than10 mmol/l 2 h postprandial 
NPH insulin dose adjusted to reach target value of less than 7 mmol/l fasting. 
In last 2 weeks before each study visit, each patient recorded four 7-point home blood glucose monitoring profiles. 
189 completed both study periods; 6 patients withdrew because of perceived lack of efficacy of insulin lispro, 1 patient died of 
ischaemic heart disease and 2 patients were discontinued at their own/investigators’  decision. One patient had a positive 
pregnancy test after 29 days use of insulin lispro and was discontinued from the study. 
Data for the two treatment sequences were pooled 
Efficacy analyses were performed on intention-to-treat basis and included all available data from all randomised patients 
Analysis for carryover effects was performed. 
Quality of life data were assessed using a nonparametric Sign test; however, should be interpreted with caution, as study was 
not blinded. 
Rise in preprandial glucose values with insulin lispro may be explained by relative lack of basal insulin between meals. 
Main problem of intensive therapy with insulin lispro and once-daily NPH insulin seems to be relative lack of basal 
insulinaemia in the afternoon and evening. Possible solution suggested 
Increase in evening dosage of NPH insulin 
Diminish consumption of snacks in afternoon and evening 
Give additional NPH insulin dosages 
Most of the severe hypoglycaemic episodes occurred during the night. 
Despite specific instruction to inject regular insulin half an hour before the meal, a majority of patients indicated they failed to 
do so (31% of patients injected regular insulin within 10 minutes, 34% injected regular insulin between 10 and 20 minutes and 
only 27% injected regular insulin between 20 and 30 minutes before their meal) 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Ebeling P, Jansson PA, Smith U, Lalli C, Bolli GB, Koivisto VA 1997 Strategies toward improved control during insulin 
lispro therapy in IDDM. Importance of basal insulin.  Diabetes Care 20:1287-1289 

N= N=66 
European 

Research Design Before and after study 
Aim A comparison of insulin regimens 
Population Type 1 diabetes 
Intervention insulin lispro as a pre-meal therapy 
Comparison Human regular insulin  

The premeal and basal insulin regimens were adjusted according to self monitoring of blood glucose during the visits at 2-
week to 1-month intervals. 

Outcome Glycaemic control as measured by diurnal glucose profile, hypoglycaemic events, HBA1c and patient satisfactions  
During each visit at 2-week intervals for the first 2 months and at monthly intervals thereafter, self-monitoring of blood 
glucose and hypoglycaemic episodes were evaluated. 
Hypoglycaemia was defined as blood glucose values less than 3.0 mmol/L. 
Patients self-measured blood glucose at least seven times per day (before and 90 minutes after each breakfast, lunch, dinner 
and at bedtime) 2 days each week before the visits 

Characteristics 41 men, 15 women. Mean age 38.0 ± 1.1 years, BMI 23.8 ± 0.3kg/m2, and diabetes duration 15.4 ± 1.0 years. 
Results  Blood glucose profile 

The mean diurnal blood glucose concentration decreased on average by 0.8 ± 0.2 mmol/l during the study (p less than0.001) 
All meal-induced increments in blood glucose were less (p less than0.001) and postprandial glucose values after breakfast and 
dinner were lower during insulin lispro than during the human regular insulin therapy (p less than0.01 in all) 
Hypoglycaemic episodes 
The frequency of hypoglycaemic values remained unchanged 
Glycated haemoglobin 
The mean HbA1c level decreased on average by 0.8% point during the 5 month study and the value was significantly lower 
than baseline after 2 months 
At the end of the study, the HbA1c values correlated with the premeal, with the average daily and with the average post meal 
glucose values. In addition, the HbA1c levels correlated inversely with the percentage of NPH insulin from total dose. 



National Collaborating Centre 
for Chronic Conditions 

 

Page 55 of 168 

Patient satisfaction 
At the end of the study, 86% of the patients considered the insulin lispro regimen either equal (32%) or better (54%) than 
human regular insulin therapy (p less than 0.001) 

Hierarchy of Evidence Grading III 

Comments Trial preceded by a run-in period of 2 weeks, during which patients received Humulin Regular before the meals and Humulin 
NPH as basal insulin. 
After the run-in period, the premeal insulin regimen was transferred to insulin lispro. Insulin lispro was injected immediately 
before each main meal. 
Adjustments of the lispro dose were made based on postprandial glycaemia, and the dose and number of NPH injections were 
based on blood glucose determinations before main meals. 
Injections were taken either by mixing lispro and NPH insulin in the syringe immediately before injection (n=23) or by taking 
the two insulins separately with pens (n=43) 
Baseline characteristics of patients not compared between groups 
Open label to allow for different action profiles of insulin 
Because of the uncontrolled nature of the study, it is not possible to estimate how much of the improvement in glycaemia or 
HbA1c is due to insulin lispro per se, how much is due to associated changes in basal insulin, or how much is due to the 
intensive attention the patients were given during the study.  
Total dose of insulin increased by 3U (7%) from baseline to study endpoint (5 months). This was due to an increase in NPH 
insulin by 8U (43%) and a reduction of short-acting insulin dose by 5U (20%) 
Three male patients discontinued the study. Two of them complained of headache, which persisted after discontinuation. 
Frequent visits and blood glucose monitoring irritated the third patient. 
One patient needed external help to treat hypoglycaemia during the study 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Ahmed AB, Home PD 1998 The effect of the insulin analog lispro on nighttime blood glucose control in type 1 diabetic 
patients.  Diabetes Care 21:32-37 

N= N=23 
UK 

Research Design Randomised Controlled Trial 
Aim An analysis of the effects of insulin analogue lispro 
Population Type 1 diabetes 
Intervention Lispro 
Comparison Unmodified regular human insulin before evening meal. 

Outcome Primary outcome - Mean blood glucose concentrations in the early part of the night (midnight to 4am) 
Secondary outcomes - Glycaemic control as measured by blood glucose. Biochemical hypoglycaemic episodes with blood 
glucose less than3.5 mmol/l in absence of symptoms before midnight and with or without symptoms between midnight and 
4:00am were taken as endpoint. 

Characteristics All patients had been stable on insulin for more than 1 year, with HbA1c of 7.8 ± 0.9% (normal less than6.1%) and no serious 
hypoglycaemic events. All patients had serum C-peptide less than0.18 nmol/l when blood glucose concentration was greater 
than 5.0mmol/l. 

Results  Average postprandial (6:00-10:00pm) blood glucose concentrations were significantly lower after lispro therapy compared 
with human insulin (7.1 ± 0.4 vs. 8.5 ± 0.4 mmol/l, p=0.0002) 
Night time blood glucose concentrations were significantly higher after lispro compared with human insulin (10.3 ± 0.4 vs. 
9.1 ± 0.4 mmol/l, p = 0.02). 
The difference in night time blood glucose concentrations was greatest in patients on the premeal plus basal insulin regimen 
(11.6 ± 0.5 vs. 8.7 ± 0.4 mmol/l, p less than0.001). 
The incidence of nocturnal hypoglycaemia was less with lispro compared with unmodified insulin (1 vs. 6 patients, p = 0.04). 

Hierarchy of Evidence Grading Ib 

Comments 12 patients were using a premeal plus basal insulin regimen, and 11 were using twice daily insulin injections. 
In all cases, the extended acting insulin used was NPH. 
Each patient was studied on 2 separate days, at a 1- to 4-week interval. 
On each study day, patients were requested to undertake their normal food and insulin up to the time of their admission to the 
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investigation unit at 5:00pm for overnight study. 
At 5 minutes before the evening meal, patients received either lispro or unmodified human insulin (Humulin S) 
Dose and type of extended-acting insulin were unchanged from patient’ s usual regimen. 
Randomised double-blind 
Standard parametric methods of data analysis 
Blood glucose level for hypoglycaemia less than3.5mmol/l 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Daniels AR, Bruce R, McGregor L 1997 Lispro insulin as premeal therapy in type 1 diabetes: Comparison with Humulin R.  
New Zealand Medical Journal 110:435-438 

N= N = 20 
N = 11 lispro for 3 months then crossover to Humulin R 
N = 9 Humulin R for 3 months then crossover to lispro 
New Zealand 

Research Design Randomised Controlled Trial 
Aim A comparison of insulin lispro and human insulin 
Population Type 1 diabetes 
Intervention Short-acting insulin analogues lispro 
Comparison Regular human insulin, Humulin R as premeal therapy  

Outcome Glycaemic control as measured by blood glucose and HbA1c, insulin dosages, hypoglycaemic episodes and adverse events 
Blood glucose results recorded in diary with at least 4 tests performed daily. 
Blood glucose measured fasting at one and two hours postprandial. 
Hypoglycaemia episodes were recorded if typical symptoms were experienced. 

Characteristics nine females and 11 males; mean duration of diabetes 15 years (range 1-41 years); mean age 33 years. 
Results  Glycaemic control 

No significant differences in HbA1c, fasting blood glucose levels, 1 hour glucose excursion or the two hour postprandial 
glucose result 
Insulin dosages 
When compared to baseline the total insulin dosages U/kg/day were similar during the duration of the trial 
Hypoglycaemic episodes and adverse events 
Incidence of hypoglycaemia per 30 days was similar for lispro and Humulin R therapy 
No difference between the number and type of adverse events during therapy with either lispro or Humulin R 
Adverse events included upper respiratory infections, pharyngitis, rhinitis, paraesthesia, backache and nausea 

Hierarchy of Evidence Grading Ib 

Comments Lead-in period 2-4 weeks, all patients were treated with Humulin R before meals and wither Humulin N or U as basal insulin. 
Insulin doses reviewed by specialist physician. 
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Lispro injected just before mealtimes, Humulin R injected 30-45 minutes before mealtimes. 
Basal insulins were Humulin N (n = 18) and Humulin U (n= 2) 
Target blood glucose fasting less than 7.8mmol/L and postprandial less than 10mmol/L 
20 patients randomised to receive lispro for 3 months and Humulin R for 3 months 
Part of international study (n = 1008) 
Open label to allow for time interval difference in administration of insulins 
No difference baseline characteristics of patients 
Treatment groups compared at each visit, using an analysis of variance. 
Paired t-test used to compare results at each visit with baseline. 
Non parametric tests were performed using a signed rank test. 
A crossover analysis was performed to test for carryover and treatment effects. 
One patient was withdrawn due to unplanned pregnancy 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Vignati L, Anderson JH, Jr., Iversen PW 1997 Efficacy of insulin lispro in combination with NPH human insulin twice per 
day in patients with insulin-dependent or non-insulin-dependent diabetes mellitus. Multicenter Insulin Lispro Study Group.  
Clinical Therapeutics 19:1408-1421 

N= N= 379 
International 

Research Design Randomised Controlled Trial 
Aim An analysis of the effect of a mixed lispro and human insulin regime 
Population Type 1 diabetes 
Intervention Insulin lispro and NPH human insulin 
Comparison Regular human insulin and NPH human insulin 

Outcome Preprandial and postprandial glucose control, percent of glycated haemoglobin A1c (HbA1c) and incidence and frequency of 
hypoglycaemia.  
Patients seen within 2 week period after dose adjustment and monthly thereafter for assessment of HbA1c and adverse events. 
Patients obtained glucose profile using home monitoring on days 9,6,3 and 1 before clinic visits at baseline and at end of each 
treatment period. 
Patients kept a dairy of any hypoglycaemic events. 

Characteristics male n = 213 female n = 166, mean age 39.1, mean duration of diabetes 13.1 yr (range 0.2-48.2) 
Results  Postprandial glucose control 

With insulin lispro the mean morning 2-hour postprandial blood glucose level and post meal increase were significantly lower 
(p less than0.001) 
The noon 2-hour postprandial glucose level was not statistically different between the two treatments. 
With insulin lispro the post-meal increase in blood glucose level after the evening meal was significantly lower (p = 0.007) 
Premeal and bedtime glucose level 
The premeal glucose levels were similar for each insulin (p greater than 0.066) 
At bedtime, blood glucose levels were similar for each treatment (p greater than0.404) 
Hypoglycaemia 
At baseline and at end point, approximately 80% of type 1 diabetes patients had at least one hypoglycaemic episode between 
visits, regardless of rapid-acting insulin treatment. 
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There was no between-treatment difference in the rate of hypoglycaemic episode for type 1 diabetes (p = 0.677) 
Five patients on each therapy required glucagon therapy 
Glycated haemoglobin 
No difference in HbA1c value at baseline or endpoint 

Hierarchy of Evidence Grading Ib 

Comments 4 week run-in period - regular human insulin and NPH human insulin 
Patients then randomised to receive either 
 Insulin lispro and NPH human insulin for 2 months followed by regular human insulin and NPH insulin for 2 months 
Regular human insulin and NPH insulin for 2 months followed by insulin lispro and NPH human insulin for 2 months 
Doses were adjusted by investigator to achieve 2 hour postprandial serum glucose level of less than8.9mmol/L and a fasting 
serum glucose level of less than 7.8mmol/L. 
Patients instructed to inject insulin lispro immediately before the meal, but to inject regular insulin at the same time before the 
meal as they had done in run-in period. 
Study could not be blinded due to different timing of administration of lispro insulin and human insulin prior to meals.  
Parametric and nonparametric analyses of variance appropriate for crossover design were performed. 
Analyses based on data from all randomised patients using last measurement observed for each patient within each study 
period. 
No carryover effects were found. 
Study was designed to allow detection of a 0.7 mmol/L between-treatment difference in blood glucose measurements with 
80% power. 
Sequence group assignment for each patient was from a central location using a computer-generated scheme. 
Patient baseline characteristics were not statistically different 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Del Sindaco P, Ciofetta M, Lalli, Periello, Pampanelli S, Torlone E, Brunetti P, Bolli G. 1998 Use of the short-acting insulin 
analogue lispro in intensive treatment of type 1 diabetes mellitus: importance of appropriate replacement of basal insulin and 
time-interval injection-meal.  Diabetic Medicine 1998;15:592-600 

N= N = 69 
Italy 

Research Design Randomised Controlled Trial 
Aim A study of the effect of timing of insulin regimen in diabetes 
Population Type 1 diabetes 
Intervention Group 1 – Lispro + 1-2 NPH/day vs. soluble insulin + 1-2 NPH/day  

Group 2  - Lispro + 3-4 NPH/day vs. soluble insulin + 1-2 NPH/day 
Group 3  - Lispro + 3-4 NPH/day vs. soluble insulin + 3-4 NPH/day 

Comparison Group 4  - Time interval between soluble injection to meal 5 minutes vs. 10-40 minutes 

Outcome Frequency of severe hypoglycaemia and body weight. HbA1c. 
Characteristics Inclusion: patients already established on long-term near-normoglycaemia, with glycosylated haemoglobin A1c levels 

between 6 and 7.5%. Treated with intensive insulin therapy and attend diabetes clinic at least quarterly. All were C-peptide 
negative. Free of any detectable microangiopathic complication, and negative at the screening for autonomic neuropathy. 

Results  Group 1 - Effects of substitution of regular soluble with lispro insulin and no change in number (but increase in dose) of daily 
NPH insulin injections. 
With lispro, mean daily blood glucose concentrations were similar to that with regular soluble insulin (8.8 ± 1.2 mmol/L vs. 
8.6 ± 0.8 mmol/L). 
With lispro, fasting, pre-meal and nocturnal blood glucose were significantly greater than with regular soluble insulin (8.9 ± 
1.1 vs. 8.3 ± 1.2 mmol/L p less than0.05) 
With lispro post-prandial glucose was significantly lower than with lispro compared with regular soluble insulin (8.9 ± 0.7 vs. 
9.2 ± 1.4 mmol/L p less than0.05) 
With lispro, the total insulin dose was significantly increase compared with conventional soluble insulin (total insulin dose 
increase 23% - due to increase in short-acting insulin at meals of 15% and NPH insulin of 44%) 
HbA1c was no different after 3 month treatment with lispro and conventional soluble insulin. 
Hypoglycaemia was more frequent with lispro than with conventional insulin.  
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Group 2 - Effects of substitution of regular soluble with lispro insulin and increase in number of daily NPH insulin injections. 
With lispro + multiple NPH daily blood glucose levels were significantly lower compared with regular soluble insulin (8.1 ± 
0.8 vs. 8.6 ± 0.8 mmol/L, p less than0.05) associated with significantly lower postprandial blood glucose (8.3 ± 0.7 vs. 9.3 ± 
0.8 mmol/L) and super imposable pre-meal and nocturnal blood glucose concentrations (8.2 ± 0.7 vs. 8.2 ± 0.7 mmol/L) 
The total daily insulin dose during treatment with lispro + multiple NPH and regular soluble insulin was no different; 
however, with the former, 33% more NPH and 27% less short-acting insulin was needed. 
After lispro + multiple NPH the % HbA1c was lower by 0.35% compared with regular soluble insulin, while the frequency of 
hypoglycaemia was similar. 
Ratio of lispro/NPH was 65/35 at breakfast, 60/40 at lunch and 10/90 at supper, and the majority of patients required NPH 
four times daily. 
 
Group 3 - Effect of treatment with regular soluble insulin and multiple insulin injections at mealtime 
With lispro + multiple NPH, mean daily blood glucose concentrations remained significantly lower compared with 
conventional soluble insulin 
With lispro and multiple NPH, % HbA1c remained significantly lower compared with regular soluble insulin +  
Insulin dose was no different, but hypoglycaemia was more frequent when multiple NPH doses were combined with 
conventional soluble insulin 
 
Group 4 - Effect of time interval between injection of regular soluble insulin and meal 
When conventional soluble insulin was given 10-40 minutes prior to meals, mean blood glucose concentration was 
significantly lower compared with regular soluble insulin given at mealtime (8.5 ± 1.1 vs. 8.9 ± 1.2 mmol/L). 
When conventional soluble insulin was given 10-40 minutes prior to meals, percentage of HbA1c was significantly lower 
compared with regular soluble insulin given at mealtime (0.18 ± 0.15% lower). 
When conventional soluble insulin was given 10-40 minutes prior to meals, frequency of hypoglycaemia was significantly 
lower compared with regular soluble insulin given at mealtime. 
There was no difference in the total insulin dose between the two treatments 

Hierarchy of Evidence Grading Ib 

Comments 1 month run-in period, patients continued their previous insulin therapy i.e. soluble insulin (humulin R) at breakfast, lunch and 
supper and NPH insulin at bedtime. 
34 patients added NPH to soluble insulin at lunch (to a final ratio of 30/70, NPH/soluble) to optimise pre-dinner glucose. 
Patients were randomly assigned to four groups, and studied for 6 months (each treatment for 3 months followed by 
crossover) 
Lispro was injected immediately prior to meals; regular soluble insulin was injected 10-40 minutes prior to meals. 
Patients were instructed to aim for post prandial levels of 9-10mmol/L and fasting 7-8mmol/ 
Baseline characteristics no difference between groups 
Open label due to different pharmacokinetics of insulin, require administration at different time intervals before meals 
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All analysis was carried out using a single-value for each patient per crossover period. 
Very small numbers in groups (n = 12 in group III) 

Reference / Citation  136 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Roach P, Strack T, Arora V, Zhao Z 2001 Improved glycaemic control with the use of self-prepared mixtures of insulin lispro 
and insulin lispro protamine suspension in patients with types 1 and 2 diabetes.  International Journal of Clinical Practice 
55:177-182 

N= N = 102 
International  

Research Design Randomised Controlled Trial 
Aim An investigation into the efficacy of a combined insulin regimen 
Population Mixed diabetes population 
Intervention Insulin lispro combined with insulin lispro protamine suspension (NPL), an intermediate-acting formation of lispro 
Comparison Regular human insulin combined with human NPH insulin 

Outcome Glycaemic control measured by weekly self-monitored blood glucose profiles, glycated haemoglobin levels, frequency and 
severity of hypoglycaemic episodes and patient satisfaction and well-being and patient preference. 
At baseline and at 1,3,6,9 and 12 months HbA1c measurements were taken. Within 10 days of same visits three BG profiles 
(before and two hours after breakfast, lunch and evening meal, at bedtime and at 3am) were collected. 
Patients recorded hypoglycaemic episodes and BG profile in diary. 
Average blood glucose profile data (e.g. average fasting BG, the average two hour post-breakfast glucose) was averaged 
across the monitoring days 

Characteristics Type 1 diabetes according to WHO criteria, between ages of 18 and 75 years and had received insulin therapy using mixtures 
of short-acting or rapid-acting insulin (regular human insulin or insulin lispro) and intermediate- or long-acting insulin twice 
daily (self-mixed or manufactured pre-mixed) for at least 120 days before enrolment in the study. 
 

Results  Glycaemic control 
At endpoint, with LP/NPL two hour post-prandial blood glucose measurements were significantly lower following the 
morning meal and the evening meal. 
With LP/NPL the morning and evening 2h post prandial blood glucose excursions were significantly smaller. 
With LP/NPL blood glucose measurements were significantly lower before lunch and at bedtime. 
With LP/NPL the HbA1c level was significantly lower at endpoint. 
Hypoglycaemia 
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The rate of hypoglycaemia declined significantly in both treatment groups during the study 
At study endpoint there was no difference in the median hypoglycaemia rates between treatments 

Hierarchy of Evidence Grading Ib 

Comments 2-4 week lead-in period treated with regular human insulin combined with NPH before the morning and evening meals. 
Patients were then randomised to received either a combination of lispro and NPL (LP/NPL) or a combination of HR 
(Humulin R) and human NPH (Humulin N) (HR/NPH) for 12 months. 
Patients randomised to LP/NPL were asked to inject their insulin 0-15 minutes before the morning and evening meals 
Patients randomised to HR/NPH were asked to inject their insulin 30-45 minutes before the same meals. 
Insulin doses were to be adjusted to meet the glycaemic targets; fasting blood glucose less than 7.8 mmol/L and two post-
prandial blood glucose less than 10mmol/L. 
During initial three months, patients were treated with self-prepared mixtures only before morning and evening meals. 
After three month visit, patient s and investigators were allowed to alter the treatment regimen as dictated by the results of 
self-BG monitoring. 
Hypoglycaemia rate was normalised to 30 day period and expressed as episodes per patient per 30 days 
Open-label to allow for different pharmacokinetics of insulin. 
At baseline, no significant differences between the treatment groups with respect to HbA1c levels, self monitored BG profiles, 
hypoglycaemia rates, insulin doses with exception of significantly lower evening two-hour postprandial BG level in the 
LP/NPL group (p = 0.004) 
All comparisons used two-tailed tests. 
All data from all patients randomised to on of the treatment groups was included in the analysis. 
Analysis was intent to treat and last observation carried forward. 
Publication did not discuss individual type 1 and type 2 diabetes results but commented ‘the above results were qualitatively 
similar in both diabetes type subgroups’  

Reference / Citation  143 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Stades AM, Hoekstra JB, van dT, I, Erkelens DW, Holleman F, STABILITY Study Group 2002 Additional lunchtime basal 
insulin during insulin lispro intensive therapy in a randomized, multicenter, crossover study in adults : a real-life design.  
Diabetes Care 25 :712-717 

N= N = 121 
The Netherlands 

Research Design Randomised Controlled Trial 
Aim A trial of an additional lunchtime insulin therapy 
Population Type 1 diabetes 
Intervention NPH insulin (1 x NPH) 
Comparison Twice (2 x NPH) daily for 4 months 

All patients to maintain sc injections of insulin lispro throughout study 
Outcome HbA1c, incidence and timing of hypoglycaemic episodes, and home blood glucose profiles. Body weight and insulin dosages. 

Patients recorded glucose profiles and hypoglycaemic events in diary 
Characteristics Diagnosis of type 1 diabetes based on C-peptide criteria, an HbA1c less than8.5%, using insulin lispro intensive therapy for 

greater than 3 months combined with once or twice daily NPH insulin, age 18-65 years, and the ability and willingness to do 
regular home blood glucose monitoring 
Baseline characteristics did not differ significantly except for slight gender difference 

Results  HbA1c 
HbA1c levels were similar for both therapies 
Blood glucose profiles 
Pre-dinner glucose values were 0.76 mmol/l lower during the 2 x NPH than during 1 x NPH protocol (p = 0.004) 
The 2 hour post-dinner glucose values were 0.66 mmol/l lower during the 2 x NPH protocol (p = 0.023) 
Hypoglycaemia 
In the evening, the frequency of hypoglycaemia increased significantly during the 2 x NPH daily protocol with a median 
difference of 0.56 mild episodes/30 days (p =0.001) and 6.9 severe episodes/patient year (p = 0.007) 
Body weight and insulin dosage 
Body weight and total daily insulin dosages were similar in both treatment regimens 
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Hierarchy of Evidence Grading Ib 

Comments 2 month run-in period using once daily NPH insulin delivered sc at bedtime.  
The second dose of NPH was injected at lunchtime, since lunchtime is closer to a 12-h time interval after the bedtime dose 
than breakfast time 
Patients switched to 2 x NPH starting with a lunchtime NPH insulin injection of 40% of their last bedtime NPH dose, with 
minimum dose of 4 IU. 
The lunchtime NPH dose was injected before 1330 
Patients asked to continually optimise glycaemic control using targets of; preprandial glucose 4-7 mmol/l, postprandial 
glucose less than8mmol/l and bedtime glucose 7-9mmol/l. 
Open label due to different time interval required for insulin administration before meals. 
No differences in patient baseline characteristics. 
Independent person made a block randomisation for each investigator. 
The investigator disclosed the assignment of the allocated schedule during the participant’ s second (baseline) visit to the 
outpatient clinic 
Sample size was calculated on main outcome variable (HbA1c) To detect a significant and clinically relevant intraindividual 
HbA1c difference of 0.3% with a statistical power of 0.8, 106 patients were needed. 
Outcomes of the overall glucose profiles were analysed with overall repeated measures ANOVA. 
In all, 138 patients entered the run-in period. The 17 non randomised patients included 9 who did not meet the inclusion 
criteria, 6 who chose not to enter the study, 1 who was withdrawn at the investigator’ s discretion and 1 who did not tolerate 
once daily NPH. 
Of the 12 randomised patients, 104 complete both study periods, 3 patients withdrew because of increased hypoglycaemia 
during the 2 x NPH protocol, 1 did not tolerate the 1 x NPH protocol, 6 did not endure the study load, 5 were noncompliant, 1 
moved abroad and 1 became pregnant. 

Reference / Citation  153 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Home PD, Lindholm A, Hylleberg B, Round P 1998 Improved glycemic control with insulin aspart: a multicenter randomized 
double-blind crossover trial in type 1 diabetic patients. UK Insulin Aspart Study Group.  Diabetes Care 21:1904-1909 

N= N=104 
UK 

Research Design Randomised controlled trial  
Aim A comparison of a artificial insulin with human insulin 
Population Type 1 diabetes 
Intervention Insulin aspart 
Comparison Soluble human insulin administered before meals, and NPH insulin administered at bedtime as basal therapy. 

Outcome Primary endpoint was fructosamine level at the end of each treatment period. 
Secondary endpoint were blood glucose levels, frequency and severity of hypoglycaemia, insulin dosage and serum insulin 
concentration and adverse events 
Daily four point preprandial glucose profiles were taken 
Weekly eight point glucose profiles (premeal, post meal, bedtime and 0200) 

Characteristics 100% male subjects 
aged 18-60 years, with BMI less than 29kg/m2 and an HbA1c less than9%. For at least 1 month before the study, the patients 
were required to use human unmodified premeal insulin plus NPH insulin as basal insulin administered only at bedtime.  

Results  Insulin dosage 
No significant difference in the bolus to basal insulin ratio between the insulin aspart period and the human insulin period 
(mean doses given were 40.9 ± 13.6 U/day for insulin aspart, 39.7 ± 13.5 U/day for human insulin, 27.8 ± 11.3 U/day for 
bedtime NPH insulin during the insulin aspart period, and 26.8 ± 12 U/day during human insulin period. 
Serum insulin concentration 
After prebreakfast subcutaneous injection of insulin aspart, the time to Cmax was shorter for insulin aspart than for human 
insulin (42 ± 58 vs. 88 ± 66min p less than0.05. Post breakfast insulin Cmax values were higher than after injection with 
human insulin (p less than0.05). Insulin concentrations were lower in the early part of the night (p less than0.01) with insulin 
aspart than with human insulin (p less than0.001) 
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Blood glucose control 
Overall 2h glucose control was significantly improve with insulin aspart, with the excursion 78% of that obtained with human 
insulin p less than0.01. Daytime glucose control was significantly lower with insulin aspart than with human insulin. During 
the night, Cmin was significantly lower than with insulin aspart. 
Afternoon and evening postprandial concentrations were significantly improved with insulin aspart. Mid morning and night 
time differences were not significant. 
Hypoglycaemia 
There was no significant difference in the number of hypoglycaemic episodes between the two groups. 
There were significantly fewer major hypoglycaemic episodes in the whole aspart period than in the whole human insulin 
period p less than0.002 
Other adverse events 
There was no significant difference in the number of treatment-emergent adverse events between the two groups. 
Serious adverse events (vomiting/pyrexia and hypoglycaemia with convulsions) were reported in two subjects using insulin 
aspart 
Serious adverse events (confusion and hypoglycaemia and convulsions) were reported in two subjects using human insulin. 

Hierarchy of Evidence Grading Ib 

Comments 4 week run-in period in which treatment consisted of unmodified insulin plus bedtime NPH insulin 
Patients randomised to premeal insulin aspart or human unmodified insulin for 4 weeks 
Patients then crossed over to treatment with the other premeal insulin for another 4 weeks 
Patients were asked to take the premeal insulin injections just before eating (bias?) 
This timing is preferred by patients, is usually used by patients treated with human insulin even when they are advised 
otherwise, and is safer unless blood glucose is self-monitored before each injection. 
NPH was taken once daily before bedtime. 
Targets for premeal and 0200 were 4-7 mmol/l and postprandial blood glucose less than10 mmol/l 
No description of randomisation 
90 completed the trial 
1 subject was withdrawn because of an adverse event, 3 violated the protocol, and 10 felt unable to continue with the demands 
of the protocol. 
With an inpatient coefficient of variation for fructosamine of 20% and a significance level of 5%, a sample size of 80 would 
detect a true difference of 0.5 with the required certainty (power greater than 80%) 
All tests were two-tailed. 
Efficacy results are presented as intent-to-treat population. 
For fructosamine, a standard two-way crossover analysis was applied 

Reference / Citation  150 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Nielsen FS, Jorgensen LN, Ipsen M, Voldsgaard AI, Parving HH 1995 Long-term comparison of human insulin analogue 
B10Asp and soluble human insulin in IDDM patients on a basal/bolus insulin regimen.  Diabetologia 38:592-598 

N= N=24 
Denmark 

Research Design Randomised controlled trial 
Aim To compare the long term efficacy of a synthetic insulin regimen 
Population Type 1 diabetes 
Intervention Insulin analogue B10 Asp 
Comparison Soluble human insulin (Actrapid) given as mealtime insulin and intermediate acting isophane insulin (Protaphane) at bedtime. 

Outcome Glycaemic control as measured by blood glucose profiles. Number and severity of hypoglycaemic events. 
Patients then taken to metabolic ward for 24h profiles of blood glucose and plasma free-insulin/analogue and HbA1c. 

Characteristics Age 18 to 40 years, male, duration of diabetes of more than 1 year, treated with a multiple injection regimen for longer than 6 
months, haemoglobin A1c less than 10%, body mass index less than 27 kkg/m2 and a stable metabolic control (HbA1c 
varying less than 1% over the previous 6 months). 

Results  Significantly higher plasma insulin/analogues levels after breakfast, lunch and dinner with B10 Asp as compared to Actrapid 
(p less than0.05). 
Plasma insulin/analogue levels were significantly lower before lunch and dinner with B10 Asp as compare to Actrapid (p less 
than0.05). 
Plasma insulin/analogue level tended to be lower at bedtime when comparing B10Asp to Actrapid. 
24 hour glucose profiles showed identical fasting blood glucose, significantly lower blood glucose after breakfast with the 
analogue (p less than0.05), no differences in blood glucose after lunch and dinner but a significantly higher glucose at 
midnight using the analogue (p less than0.05) 
The overall 24h mean blood glucose concentrations, the daily insulin dose, HbA1c, diet, home blood glucose monitoring and 
frequency of hypoglycaemic were almost identical in the two treatment periods 

Hierarchy of Evidence Grading Ib 

Comments Open 1-month run-in period during which patients were treated with soluble human insulin (Actrapid) less than 5 minutes 
before breakfast, lunch and dinner and with intermediate acting isophane insulin (Protaphane) at bedtime. 
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Patients randomised to either Actrapid or insulin analogue B10Asp as premeal insulin for 2 months. 
Patients then changed to the other type of premeal insulin for a further 2 months and then taken to the metabolic ward for 
repeat measurements. 
Fasting blood glucose targets were 4-7 mmol/l and postprandial blood glucose levels less than 11 mmol/l.Study was 
completed by 21 patients;  
3 were excluded, one patient because of a gastroscopic verified ulcer duodenus at the first visit, a second because his HbA1c 
rose more than 3% during the run-in period. The third patient had an infected toenail at the first hospitalisation and required 
antibiotic and surgical treatment. 
Results from the three excluded patients were not used in the calculations. 
Comparison of normally distributed parameters was done using ANOVA for two crossover periods. 
Study was powered to detect a difference of 0.5% in HbA1c with a power of 90% provided 21 patients completed the study. 

Reference / Citation  134 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Home PD, Lindholm A, Riist A 2000 Insulin aspart vs. human insulin in the management of long-term blood glucose control 
in Type 1 diabetes mellitus: A randomized controlled trial.  Diabetic Medicine 17:762-770 

N= N = 1070 
European 

Research Design Randomised controlled trial  
Aim A comparison of a artificial insulin with human insulin 
Population Type 1 diabetes 
Intervention 6 months treatment with Insulin aspart 
Comparison Soluble human insulin before main meals both with NPH insulin as basal insulin. 

Outcome Blood glucose control as assessed by HbA1c, eight point self monitored blood glucose profiles, insulin dose, quality of life, 
hypoglycaemia and adverse events, frequency and severity of hypoglycaemic episodes. 
At each visit measures of efficacy, insulin dose adjustments advised, adverse events recorded and insulin use monitored. 
BG profiles (preprandial, 90 minutes post prandial, bed time and 0200h were requested before randomisation and after 5 and 6 
months treatment. 
Diabetes Treatment and Satisfaction questionnaire was completed in the UK 

Characteristics adult men and women with type 1 diabetes (WHO criteria), duration of diabetes greater than 2 years and treated with insulin 
for 1 year. Body mass index less than35 kg/m and HbA1c less than 11%. 

Results  Insulin dose 
The doses of meal-related insulin did not change from baseline to 6 months 
No difference between groups at 6 months 
Baseline dose of NPH was similar for the two study groups 
At 6 months NPH insulin dose was 8.5% higher in subjects treated with insulin aspart compared to human insulin 
 
Overall blood glucose control 
With insulin aspart HbA1c was significantly improved compared with soluble human insulin 
 
Eight point blood glucose profiles 
With insulin aspart post-prandial blood glucose control was significantly better than with human insulin. 
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After 6 months, the insulin aspart group had significantly lower blood glucose levels after breakfast, lunch and dinner but 
higher before breakfast and dinner compared with human insulin. 
The average prandial blood glucose increment decreased from a baseline of 2.0 (SD 2.4) to 0.6 (2.2) mmol/l in the insulin 
aspart group while it remained unchanged at 1.7 (2.6 and 2.2) mmol/l in the human insulin group. The baseline adjusted 
difference between the groups at 6 months was 1.15mmol/l (p less than0.0001) 
 
Quality of life 
The DTSQ showed significant overall improvement in treatment satisfaction with insulin aspart with largest differences 
related to the convenience, flexibility and satisfaction to continue present treatment items. 
 
Hypoglycaemia 
Significantly fewer patients on insulin aspart (1.3%) experienced nocturnal major B hypoglycaemia compared with human 
insulin (p less than0.05) 
Post injection major hypoglycaemia 4-6h after a meal occurred in 1.8% of patients on insulin aspart and in 5% of subjects on 
human insulin (p less than0.005) 
No significant differences between groups were observed in the proportion of patients with major hypoglycaemia. 
No significant difference in the major events requiring parenteral administration of glucose or glucagons (grade B). 
No significant difference in the number of patients with a major nocturnal event. 
No significant difference in post-injection major hypoglycaemia within 1 h of starting a meal. 
 
Adverse events 
Adverse events were equally distributed between treatments 

Hierarchy of Evidence Grading Ib 

Comments 4 week run in period soluble insulin was administered as meal time insulin and NPH insulin was administered as basal insulin 
once or twice daily. 
Patients were randomised between insulin treatments, 1065 received trial agents 
Study visits were scheduled at screening, 2 weeks into the run-in period, at randomisation (baseline), 2 weeks after 
randomisation and then monthly. 
Insulin aspart to be administered immediately before meal and soluble human insulin to be administered 30 minutes before 
meal. 
Target blood glucose of 5-8 mmol/L preprandial and at bedtime, and less than 10mmol/L 103h after meals. 
Large sample (n = 1070). Sample size based on ICH guideline aiming at randomising 1000 patients to treatment. An assumed 
baseline variance for HbA1c of 1.5% gave a probability of detecting non-inferiority of 0.98, if the true difference in HbA1c 
was 0.2% 
Multi-centre, randomised, open label, parallel. 
Open label due to different time interval required prior to meal for different insulins. 
For primary endpoint HbA1c at 6 months, data analysed using ANOVA. 
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Trial was not blinded so that advice on timing of insulin dosage before meals could follow recommendations. 
Patients asymmetrically randomised in a 2:1 ratio 
Of 1070 patients randomised, 94% completed 6 months. 
No difference in baseline characteristics between the two groups. 
No differences regarding reasons for withdrawal (insulin aspart 4%, human insulin 6%) 
1011 patients completed the trial 
1047 patients were included in the intention-to-treat analysis 1006 patients in the per protocol analysis. 

Reference / Citation   
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Lindholm A, McEwen J, Riis AP 1999 Improved postprandial glycemic control with insulin aspart. A randomized double-
blind cross-over trial in type 1 diabetes.  Diabetes Care 22:801-805 

N= N=24 
UK 

Research Design Randomised controlled trial  
Aim An evaluation of the effect of an artificial insulin on glycaemic control 
Population Type 1 diabetes 
Intervention Insulin aspart injected subcutaneously immediately before meal 
Comparison Human insulin injected subcutaneously 30 minutes before the meal or immediately before the meal 

Outcome Primary endpoint: Total baseline-corrected excursion of serum glucose from 0-240 minutes. 
Secondary endpoints: maximum serum glucose concentration, time of maximum serum glucose concentration, max insulin 
concentration, time of max insulin concentration. 

Characteristics type 1 diabetes of at least 2 years duration, were currently on a meal-related treatment regimen with a combination of NPH 
insulin and soluble human insulin, presented with a meal-stimulated C-peptide of less than0.1 nmol/l at 1-3h post meal, and 
were reasonably well controlled as assessed by HbA1c of less than9%. 

Results  With insulin aspart the postprandial glucose control was superior compared with that of human insulin injected immediately 
before or 30 minutes before a meal (891 ± 521 vs. 1311 ± 512 vs. 1106 ± 571 mmol/l/min, p less than 0.0001 and p less than 
0.02) 
With insulin aspart, there was a significantly lower glucose maximum concentration than for human insulin injected 
immediately before the meal (13.5 ± 3.5 vs. 16.4 ± 3.4 mmol/l, p less than0.001) 
 
Side effects: All side effects were mild or moderate in severity. Of 24 subjects exposed to insulin aspart, 14 had 30 adverse 
events. Of 23 subjects exposed to human insulin, 15 had 25 adverse events, and of 22 subjects exposed to human insulin t-30 
minutes, 11 had 17 adverse events. 
Most common side effects were hypoglycaemia and headache 

Hierarchy of Evidence Grading Ib 

Comments Single centre double-blind double-dummy randomised three way crossover trial 
Three study days separated by a week 
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On each study day, subjects received two injections, one 30 minutes before and one immediately before a standard breakfast. 
One injection was placebo and the other injection was insulin aspart 0.15U/kg body weight (only immediately before the 
meal) or unmodified human insulin 0.15U/kg (30 minutes before the meal or immediately before the meal). 
Subjects admitted to clinic evening before test. On that evening, no NPH insulin allowed. 
Subjects received overnight euglycaemic clamp to achieve target blood glucose 5-8 mmol/l 
Double-blind, double-dummy 
Due to pharmacokinetics of the two insulins, they had to be injected at different time intervals before meal; however 
allocation was concealed by giving two injections prior to the meal – one of which was placebo 
22 completed the study 
2 withdrew: 1 for personal reasons and 1 for adverse events. 
Primary efficacy assessment was postprandial glucose excursion. Assuming intrapatients coefficient of variation of up to 
~1.67 mmol/l/min, and using significance level of 5%, sample size of 21 would detect a true difference. 

Reference / Citation  135 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Wolffenbuttel BH, van Ouwerkerk BM, Veldhuyzen BF, Geelhoed-Duijvestijn PH, Jakobsen G, van Doorn LG 1990 
Comparative effects of two different multiple injection regimens on blood glucose control and patient acceptance in type 1 
diabetes. Diabetic Medicine 7:695-699 

N= N = 43 
The Netherlands 

Research Design Randomised controlled trial  
Aim A comparison of insulin regimens 
Population Type 1 diabetes 
Intervention 12 week treatment with  

Group 1) 5 daily injections, comprising short-acting insulin (Velosulin) before meals using the Insuject pen injector, and 
intermediate-acting insulin (Insulatard) before breakfast and at bedtime using the Insuject-X pen injector 

Comparison Group 2) 4 daily injections, comprising short-acting insulin before the main meals and intermediate-acting insulin at bedtime, 
given either by means of a pen-injector or by conventional insulin injections using vials and syringes. 

Outcome Bodyweight, dose of short-acting and intermediate-acting insulin and hypoglycaemic episodes were recorded. Prior to each 
study visit patients measured a blood glucose profile, HbA1c. 
All patients seen at outpatient clinic after 2,4,8, and 12 weeks of each regimen. 
Blood glucose taken before and 1.5 after main meals, at 2300 h, at 0300h, and before breakfast the next morning. 
HbA1c determined at 0,8 and 12 weeks. 

Characteristics Age 37 ± 11 years, duration of diabetes 15 (range 2-48 years, 26 males and 17 females 
Results  Insulin dose 

No significant differences in insulin dose were detected throughout the study. 
Glycaemic control 
No significant differences were found in fasting and mean daily blood glucose values and HbA1c between the two injection 
regimens. 
Subgroup analysis of patients in excellent (HbA1c less than6%) and poor control (HbA1c greater than8%) showed no 
differences in changes of fasting or mean blood glucose or HbA1c 
The number and severity of hypoglycaemic reactions was not significantly different between the two regimens 
Patient acceptance 
No difference between treatment acceptance and health belief were found between the two treatment sequences. 
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Hierarchy of Evidence Grading Ib 
Comments 4 week run-in period, insulin treatment and self-monitoring of glucose were optimised. 

Patients randomised into 2 groups for first 12 weeks 
After 12 weeks all patients crossed over to other regimen 
Patients aim for fasting BG levels of 4-7mmol/L and postprandial values between 5-8mmol/L. 
Insulin dose was adjusted according to results of home blood glucose monitoring. 
Questionnaire used to assess patient acceptance and quality of life. 
Not blinded due to different number of injection and different methods of administration 
Fasting BG calculated as mean of two measurements made on consecutive days. 
Patient characteristics at entry were compared by means of Student t-test or non-parametric test. 
Centres were compared by means of one-way analysis of variance. 
Significance of differences for measures of blood glucose control were assessed by means of analysis of variance (two period 
repeated measurements cross-over over time). 
Tests for period effects and carry-over effects were made. 

Reference / Citation   
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Dunbar JM, Madden PM, Gleeson DT, Fiad TM,  McKenna TJ 1994 Premixed insulin preparations in pen syringes maintain 
glycemic control and are preferred by patients.   Diabetes Care 17:874-878 

N= N=32 
Republic of Ireland 

Research Design Randomised controlled trial  
Aim To examine the impact on glycaemic control of substituting a range of premixed insulins for the standard treatment with 

patient-mixed insulin combinations 
Population Type 1 diabetes 
Intervention Premixed insulin preparation that delivered short-acting and intermediate-acting insulins in the following percentages: Pen 

Mix (Novo Nordisk) 10/90%, 20/80%, 30/70%, 40/60% and 50/50%. Preparations delivered from cartridges using the Novo 
Pen II 

Comparison Self-mixed insulin (Human Actrapid and Human Monotard (intermediate-acting insulin, 30% amorphous, 70% crystalline 
insulin, Novo Nordisk) insulin) 

Outcome Glycaemic control as measured by assessment of glycosylated haemoglobin levels at start of study and after each 2-month 
study period. 
In addition, during the 1 month run-in period and during both 2-month study periods, a seven point blood glucose profile was 
obtained. 
Seven blood glucose measurements were obtained on at least 1 day in each phase of the study. 
Total glycated haemoglobin levels were measured at the point of randomisation and after 2 and 4 months. 
Patients were required to record all hypoglycaemic episodes and to grade them according to severity. 
At the end of the study, all participants were requested to complete a questionnaire assessing their preference for one of the 
two regimes used in the study. 

Characteristics Age 18-63 yrs, mean age 34.77. Duration of diabetes ranged from 19 months to 29 years (10.61 ± 8.1) 
Results  Glycosylated haemoglobin levels were unchanged throughout the duration of the study (levels obtained at point of 

randomisation, after 2 months of treatment on premixed insulins, or after 2 months of treatment on patient-mixed insulins). 
No systematic changes in individual seven point blood glucose profiles before randomisation, while using premixed insulins, 
or after 2 months of treatment on patient-mixed insulins. 
Treatment with Pen Mix insulins, 16.9% of blood glucose readings were less than 4mM. Treatment with self-mixed insulins, 
21.7% were less than4mM. Five patients reported eight instances of grade 3 hypoglycaemic reactions while taking Pen Mix 
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insulins. Three patients experienced a total of 21 grade 3 hypoglycaemic reactions and 1 patient experienced 1 grade 4 
reaction while taking patient-mixed insulins. 
Frequency of hypoglycaemic reactions was similar on patient-mixed and premixed insulins. 
83% patients expressed a preference for premixed insulins. 

Hierarchy of Evidence Grading Ib 

Comments One month run-in period, patients adjusted insulin dosage to optimise control 
Patients then randomised either to change to premixed insulins or to continue with self-mixed insulins for 2 months 
At end of 2 months, patients crossover to other regimen for further 2 months 
When patients changed from self-mixed to premixed preparations, the premixed preparation chosen was one that gave the 
closest fit below their previous ratios, i.e., if the patient was using an ~40:60 ration of Actrapid to Monotard, the 30/70% Pen 
Mix preparation was used. 
Aim was to maintain preprandial glucose at 72-144 mg/dl (4-8mM). 
During study, patients and medical staff were encouraged to adjust insulins to facilitate optimum control. 
Patients advised to adjust insulins weekly by 2U if relevant dose was less than20U and by 4U if the dose was greater than20 
U. 
Patients encouraged to monitor plasma glucose levels on average twice daily to cover the four time points of before breakfast, 
before lunch, before the evening meal, and before the evening snack over any 24h period. 
Open label to allow for different time action profiles of insulin. 
No power calculations. 
Five patients withdrew from the study for a variety of reasons, including onset of renal failure, concern about the efficacy of 
the pen syringe, and non-specific deterioration in sense of well-being. One patient was not happy about what was considered 
more limitations associated with the use of premixed insulins than with patient-mixed insulins. 
Glycaemic control was similar in patient-mixed and premixed insulins, and patients had a marked preference for premixed 
insulins delivered in a pen-type syringe over conventional insulin therapy. 
Statistical analysis only performed on the 27 patients who completed the study. 
Analysis of variance suitable for studies of crossover design was used when comparing glycosylated haemoglobin levels 
before the study and in the two treatment groups. The Gart’ s test was used to compare hypoglycaemic reactions occurring in 
the two study phases. 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Gale EA 2000 A randomized, controlled trial comparing insulin lispro with human soluble insulin in patients with Type 1 
diabetes on intensified insulin therapy. The UK Trial Group.  Diabetic Medicine 17:209-214 

N= N = 93 
UK 

Research Design Randomised controlled trial  
Aim To Compare the efficacy of artificial insulin with human insulin 
Population Type 1 diabetes 
Intervention Mix 50 (50% insulin lispro/50% NPL) given immediately before the morning meal and Mix 25 (25% insulin lispro/75% NPL) 

given immediately before the evening meal 
Comparison Human insulin 50/50 (50% regular human insulin/50% NPH) given 30-45 minutes before the morning meal and human 

insulin 30/70 (30% regular human insulin/70% NPH) given 30 to 45 minutes before the evening meal 
Outcome Glycaemic control measured by weekly self-monitored blood glucose profiles, glycated haemoglobin levels, frequency and 

severity of hypoglycaemic episodes and patient satisfaction and well-being and patient preference. 
The Diabetes Treatment Satisfaction Questionnaire and the Well Being Questionnaire were used as quality of life measures. 

Characteristics (44 women and 49 men). Median age 35 yrs (range 18-63 yrs), median duration of diabetes 13.1 years (range 1-51 years), and 
the median body mass index 25.2kg/m2 (range 20-33.7 kg/m2) 

Results  Glycaemic control 
With insulin lispro blood glucose levels were significantly lower after breakfast and lunch compared with Humulin S. 
With insulin lispro blood glucose levels were significantly higher before breakfast, lunch or supper compared with Humulin S. 
Levels of HbA1c were not significantly different between groups 
Hypoglycaemia 
The overall frequency of symptomatic hypoglycaemia did not differ between the two treatments. 
With insulin lispro patients were less likely to experience hypoglycaemia between midnight and 6am, and more likely to 
experience episodes from 6am to midday. 
Patient satisfaction 
No significant preference for either treatment emerged 
Insulin doses 
The daily dose of short-acting insulin was similar for the two insulin preparations. 
The total dose of basal insulin was the same for the two insulin preparations. 
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Quality of life 
There were no differences between the two treatments for any of the quality of life scores 

Hierarchy of Evidence Grading Ib 

Comments At study entry all patients were on multiple injection therapy, and those not using Humulin S (soluble) as their short acting 
insulin and Humulin I (isophane) as their basal insulin were converted to this regimen before entering the study. 
The majority injected Humulin S three times daily before meals and Humulin I with their bed-time snack. 
Run-in period of 6 weeks during which control was optimised with above regimen. 
Patients then randomly allocated to treatment with Humulin S or insulin lispro before meals, with unchanged basal insulin. 
Each patient received either 
3 months treatment with Humulin S before meals, with Humulin I as basal insulin 
3 months treatment with insulin lispro before meals, with Humulin I as basal insulin 
Patients were then changed to the alternative regimen for a further 3 months. 
Insulin for injection was supplied in double-blind pens. 
Patients and investigators were instructed to adjust insulin doses in the light of home blood glucose tests, with target glucose 
level less than 7mmol/L fasting and less than 10mmol/L post prandial. 
Insulin supplied in double-blind fashion as 1.5ml cartridges for use in pen devices. 
Study was powered at 80% level to detect a difference in HbA1c of 0.27%. 
Student’ s t-test was used for comparisons between treatments. 
For efficacy and safety measurement an analysis for a crossover design was used to test for both treatment and carryover 
effects. 
An intention to treat analysis using the last observation carried forward for each patient within the crossover periods was 
employed. 
Six out of 93 patients dropped out. 
Two patients withdrew because of potential serious adverse events – hypoglycaemic coma and increasing emotional liability. 
Both patients were taking Humulin S at the time. One patient was withdrawn at the discretion of the local physician owing to 
difficulties in compliance. One patient withdrew because of personal problems, and two (both on insulin lispro) withdrew 
because of difficulties with glucose control. 
Patient inclusion criteria may have biased the comparison in favour of lispro, since post-prandial control is less good when 
soluble insulin is given shortly before meals. 
Comparison of the rates of nocturnal hypoglycaemia may be misleading, since fasting glucose levels were higher on insulin 
lispro and overnight glucose control was therefore not equivalent 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Roach P, Trautmann M, Arora V, Sun B, Anderson JH, Jr. 1999 Improved postprandial blood glucose control and reduced 
nocturnal hypoglycaemia during treatment with two novel insulin lispro-protamine formulations, insulin lispro mix25 and 
insulin lispro mix50. Mix50 Study Group.  Clinical Therapeutics 1999;21:523-534 

N= N = 37 
European 

Research Design Randomised controlled trial  
Aim To evaluate the efficacy of premixed insulin therapy 
Population Type 1 diabetes 
Intervention Mix 50 (50% insulin lispro/50% NPL) given immediately before the morning meal and Mix 25 (25% insulin lispro/75% NPL) 

given immediately before the evening meal 
Comparison Human insulin 50/50 (50% regular human insulin/50% NPH) given 30-45 minutes before the morning meal and human 

insulin 30/70 (30% regular human insulin/70% NPH) given 30 to 45 minutes before the evening meal 
Outcome Glycaemic control as measured by blood glucose profiles, HbA1c and frequency and severity of hypoglycaemic episodes. 

Patients seen on monthly basis 
Blood glucose measurement were taken by the patient before and 2 hours after morning, midday and evening meals, at 
bedtime and at 3am. 
HbA1c was measured at baseline and at the end of each 3-month treatment period. 
Patients were instructed to record all hypoglycaemic episodes in study diary. 

Characteristics 12 females, 25 males; mean age 39.4 years; mean duration of diabetes 12.9 years 
Results  Insulin dosages 

Mean insulin doses were similar or identical between treatments (0.35 U/kg) 
Mean evening insulin doses for insulin lispro mixtures and human insulin mixtures were 0.29 and 0.27 U/kg. 
Blood glucose control 
Treatment with Mix 50 resulted in a mean morning BG excursion that was significantly smaller than during treatment with 
human insulin 50/50 (-3.38 vs. –0.51; p = 0.002) 
No significant difference was seen in evening BG excursion between groups. 
Fasting blood glucose levels did not differ between groups. 
Treatment with insulin lispro mixtures resulted in significantly lower BG levels 2 hours after the morning meal (p less than 
0.001) and before lunch (p = 0.037) 
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Human insulin and insulin lispro mixtures achieved comparable overnight glycaemic control. 
HbA1c measurements did not differ significantly between treatments at end point 
Hypoglycaemia 
No difference between treatments with respect to the incidence of hypoglycaemia 
No difference between the numbers of nocturnal hypoglycaemic episodes. 
No difference between treatments with respect to sever hypoglycaemia. Five patients with type 1 diabetes experienced a total 
of 6 episodes of severe hypoglycaemia. Two episodes occurred during treatment with insulin lispro mixtures, and 4 episodes 
occurred during treatment with human insulin mixtures 

Hierarchy of Evidence Grading Ib 

Comments 4 week run-in period – patients were treated with human insulin 50/50 before the morning meal and human insulin 30/70 
before the evening meal. 
Patients then randomly assigned to the two treatment groups 
To allow optimal intervals between insulin injections and meals, the study was not masked 
Insulin lispro mixtures were to be given immediately before morning and evening meals, and human insulin mixtures were to 
be given 30-45 minutes before meals. 
Investigators were instructed to adjust insulin to achieve treatment goals of fasting BG less than7.8mmol/L and 2 hour 
postprandial BG less than 10mmol/L 
Open label to allow different time intervals of administration before meals. 
No difference in patient baseline characteristics. 
Data was analysed on intent to treat basis and last observation carried forward.  
All comparisons were performed using two tailed tests. 
Three patients elected not to continue the study after 1 month of treatment with Mix50/Mix25 during period 1 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Hermansen K, Vaaler S, Madsbad S, Dalgaard M, Zander M, Begtrup K, Soendergaard 2002 Postprandial glycemic control 
with biphasic insulin aspart in patients with type 1 diabetes.  Metabolism-Clinical and Experimental 51:896-900 

N= N=50 
European 

Research Design Randomised controlled trial  
Aim To compare mixed insulin regimens 
Population Type 1 diabetes 
Intervention Biphasic insulin aspart 30 (Novomix 30 – 30% soluble insulin aspart and 70% protamine insulin aspart) 
Comparison BHI 30 (Mixtard 30) 

Outcome Glucose, lipids, insulin, adverse events and hypoglycaemic episodes. 
During period from –30 to 240 minutes relative to the time of starting breakfast, 16 blood samples were drawn at regular 
intervals for measuring glucose and insulin 

Characteristics Patients diagnosed with type 1 diabetes for at least 2 years and treated with human insulin for at least 12 months. Age greater 
than18 years, BMI less than 30kg/m2, and HbA1c less than 11% 

Results  Glucose 
BiAsp 30 reduced the postprandial serum glucose AUC by 23% compared with BHI 30 taken immediately before meal (p less 
than0.001) and by 9% compared with BHI 30 taken 30 minutes before meal (p = 0.013) 
Insulin 
Pharmacokinetics of BIAsp 30 differed from those of BHI 30: the insulin AUC 0-4h observed for BIAsp 30 was larger by 
24% compared with BHI taken immediately before food and 16% compared with BHI 30 taken 30 minutes before food. 
Hypoglycaemia 
16 minor hypoglycaemic events occurred with BiAsp 30, 9 events with BHI 30 injected immediately before the meal and 9 
events with BHI injected 30 minutes before the meal 

Hierarchy of Evidence Grading Ib 

Comments Three trials separated by 5 to 21 days. 
Following 3 treatments given in random order: 
1) Biphasic insulin aspart 30 injected immediately before a standard breakfast 
2) BHI 30 (Mixtard 30) injected 30 minutes before breakfast 
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3) BHI 30 injected immediately before breakfast 
Insulin dose was 0.4U/kg body weight for all 3 treatments 
Subjects on their usual insulin regimen between visits but were instructed not to inject intermediate- or long-acting insulin 
after breakfast on the day preceding trial days. 
During night preceding trial days and until 15 minutes before meals, they were given human insulin (Actrapid) by intravenous 
infusion to stabilise blood glucose concentration between 5 and 8 mmol/l. 
Three trial days where interventions given  
Of the 50 enrolled patients, 6 completed the trial and 4 were withdrawn: 3 because they wished to discontinue. 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Small M, MacRury S, Boal A, Paterson KR,  MacCuish AC 1988 Comparison of conventional twice daily subcutaneous 
insulin administration and a multiple injection regimen (using the NovoPen) in insulin-dependent diabetes mellitus.  Diabetes 
Research 1988;8:85-89 

N= N=37 human Actrapid group =19, conventional therapy =18 
UK 

Research Design Randomised controlled trial  
Aim To compare mixed insulin regimens 
Population Type 1 diabetes 
Intervention Human Actrapid insulin given 30 min preprandial with Human Ultratard as basal insulin 
Comparison Conventional therapy 2 dose (with mixtard (30% short acting, 70% isophane) or Initard (50% short acting 50% isophane)  

Outcome HbA1c, blood glucose profiles, insulin dosage, frequency and severity of hypoglycaemic episodes 
Characteristics diabetes for over one year, performed regular glucose monitoring, were taking CT with Mixtard (30% short acting, 70% 

isophane) insulin and were willing to transfer to a multiple injection regimen 
The groups were well matched with respect to age, sex, BMI and duration of diabetes 

Results  Glycaemic control 
During the 6 month study period no significant improvement in HbA1c levels were noted in either group, and at no time point 
were there any difference in HbA1c levels between the two groups 
The Novo Pen group had lower mean glucose profiles at three and five months (p less than0.05); however no differences 
between groups were seen at other time points 
Insulin dosage and weight 
No significant difference in weight and insulin dosages during the study 
Frequency of hypoglycaemia 
No significant differences between the groups were found 
Novo Pen - patient assessment 
The majority 15/19 said four injections per day suited their lifestyle 
16/18 said four injections per day gave them greater flexibility of lifestyle 

Hierarchy of Evidence Grading Ib 
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Comments Run-in period of 2 months to optimise glycaemic control on CT 
Glucose profile times were before and 90 minutes after breakfast, lunch and dinner and at bedtime. 
After 2 months (baseline), patients were randomised to continue on their present therapy (n= 18) or to change to three 
injections of Human Actrapid Insulin, using the Novo pen 
Initially, patients were given 40% of their previous total insulin dose in the form of Ultratard with the remaining 60% divided 
before their main meals 
All patients were seen monthly for six months when glycaemic control was assessed and insulin dosage adjusted 
Open label with no allocation concealment due to different methods of administration (subcutaneous vs. pen) 
During the run-in period there were slight, but significant changes in the following variables: weight, evening insulin dosage, 
and fasting glucose. 
Three patients failed to complete the study but were included in the analysis. One patient in the CT group failed to attend after 
the three month visit. In the Novo Pen group, one patient transferred back to CT after the two month visit as he had a strong 
dislike for multiple injections, and one further patient stopped using the Novo Pen after the four month visit due to a dislike of 
multiple injections and lack of improvement in her glycaemic control. 

Reference / Citation   
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Zinman B, Ross S, Campos RV, Strack T 1999 Effectiveness of human ultralente versus NPH insulin in providing basal 
insulin replacement for an insulin lispro multiple daily injection regimen: A double-blind randomized prospective trial.  
Diabetes Care 22:603-608. 

N= N=178: Ultralente insulin =87, human NPH =91 
Research Design Randomised controlled trial  
Aim A comparison of basal insulin types 
Population Type 1 diabetes 
Intervention ultralente insulin  once daily at bedtime 
Comparison Human NPH  

Outcome Glycaemic control as measured by HbA1c, blood glucose and frequency and severity of hypoglycaemic episodes 
Eight-point blood glucose profiles were collected once monthly in the first 4 months, then every two months for the remainder 
of the study. 
Patients asked to perform premeal blood glucose measurements every day throughout the study. 

Characteristics age 35 ± 1 years, BMI 25 ± 1 kg/m2 
Results  Insulin doses 

Insulin doses before meals and basal insulin doses were similar at baseline. 
At the end of the study, meal doses remained the same, while basal requirements were somewhat higher for the ultralente 
groups than in the NPH group (P less than0.05). 
Hypoglycaemia 
Overall hypoglycaemia rates were comparable in both groups and fell continuously towards the end of the study. 
Rates of severe hypoglycaemia were similar for patients on NPH and for ultralente insulin. 
Glycaemic control 
Compared with baseline, patients in both groups were able to markedly reduce their endpoint postprandial blood glucose 
levels (p less than 0.004 at post breakfast) 
There was no significant difference for glycaemic control between the NPH and UL groups overall and by the end of the study 
a similar number of patients in the NPH and ultralente groups needed to be switched to twice daily basal insulin (21 and 24%, 
respectively). 
Of the patients switched to twice daily injection of NPH or UL insulin, NPH patients had a lower level of glycaemia from 
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bedtime until the prelunch reference time point 
Patients requiring twice daily injections of basal insulin had a longer duration of diabetes, and a higher baseline HbA1c and 
were significantly older. 
Glycosylated haemoglobin 
HbA1c levels decreased by 0.6% (NPH) and 0.7% (UL) compared with baseline after 4 months, and were maintained at the 
lower level for the remainder of the study (p less than0.001). 
No significant differences in HbA1c between groups 

Hierarchy of Evidence Grading Ib 

Comments Of the 178 patients, 78 had been on multiple injections while the remainder had been on twice-daily treatment. 
Patients received regular human insulin (Humulin R) together with their previous basal insulin in an open-label 2 week run-in 
period. 
Randomised to NPH (Humulin N) or UL (Humulin U) insulin plus insulin lispro administered three times daily before each 
meal for a 12-month double-blind treatment period. 
Patients were asked to inject insulin lispro administered three times daily before each meal for 12 month double blind period. 
Basal insulin was administered by syringe only to maintain masking. 
Target range for premeal glucose levels 6-8mmol/ll. 
Of 178 patients enrolled, 162 (90%) completed the 1year study: seven patients in the NPH group discontinued before the last 
visit, and nine in the UL group. 
Reasons for discontinuation were relocation of patients (5 patients), adverse events (two patients), and non-compliance with 
study procedures (two patients). Three patients decided to withdraw from the study for perceived lack of efficacy (one and two 
patients from the UL and NPH groups, respectively) and four for other personal reasons. 
Significant adverse drug-related events (serious hypoglycaemia requiring assistance and/or hospitalisation in two patients) and 
non-study drug-related events (surgery for three patients and car accident not related to hypoglycaemia for two patients). 
All efficacy results presented as intent-to-treat analysis. 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Hermansen K, Madsbad S, Perrild H, Kristensen A, Axelsen M 2001 Comparison of the soluble basal insulin analog insulin 
detemir with NPH insulin: A randomized open crossover trial in type 1 diabetic subjects on basal-bolus therapy.  Diabetes 
Care 24:296-301 

N= N=59 
Denmark 

Research Design Randomised controlled trial  
Aim To compare the efficacy of basal insulin preparations 
Population Type 1 diabetes 
Intervention Insulin detemir 100 U/ml  
Comparison NPH insulin (Insulatard 100 IU/ml) as basal insulin 

Outcome Glycaemic control as measured by blood glucose, incidence and severity of hypoglycaemic, dose of insulin and safety 
Primary endpoint was area under serum glucose curve in time interval 23:00 to 08:00. 
Two glucose profiles each week (before each meal, 90 min after each meal, at bedtime and one at 03:00) 
Fasting blood glucose taken during last 4 days of each treatment period 

Characteristics 46 men and 10 women between 19-52 years of age; mean duration of diabetes a14.8 years 
Results  Serum glucose and glycaemic control 

The area under the curve, in the time interval 23:00-8:00, derived from 24h serum glucose profiles was not statistically 
significantly different for the two treatment periods 
The intrasubject variation in fasting blood glucose during the last 4 days of treatment was lower for insulin detemir compared 
with NPH (p less than0.001) 
Insulin doses 
Mean dose requirements of insulin detemir were 2.35 times higher compared with NPH. 
Hypoglycaemic episodes 
During the last week of treatment, fewer subjects experience hypoglycaemic episodes on insulin detemir compared with NPH 
treatment. 
Adverse events 
Approximately 30% of subjects had adverse events during either treatment period. 
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Hierarchy of Evidence Grading Ib 

Comments Run-in period of 2 weeks – subjects administered an evening NPH injection in addition to HIS (Actrapid 100 IU/ml) before 
each meal. 
Subjects randomised symmetrically in blocks of four to a treatment sequence 
Insulin detemir or NPH between 21:00 and 23:00 and HIS 30 minutes before each main meal. 
Blood glucose targets fasting 4-7mmol/l and postprandial 5-9mmol/l, 03.00 4-7 mmol/l 
Two 6 week treatment periods 
Filed for approval in Europe 12/11/02. UK license not expected until early 2004 
To obtain a power of 80%, 49 subjects were needed to detect a difference in the primary endpoint of 10% with a significance 
level of 5%. 
7 investigation sites (total 56 patients) 
Analysis undertaken using ANOVA. 
Two subjects discontinued prematurely because of excessive C-peptide levels at inclusion and the concern over volume of 
injected insulin detemir. 
56 completed trial and were included in efficacy analysis 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Fanelli CG, Pampanelli S, Porcellati F, Rossetti P, Brunetti P, Bolli GB 2002  Administration of neutral protamine Hagedorn 
insulin at bedtime versus with dinner in type 1 diabetes mellitus to avoid nocturnal hypoglycaemia and improve control. A 
randomized, controlled trial. Annals of Internal Medicine.136(7):504-14 

N= N=22 
Italy 

Research Design Randomised controlled trial  
Aim To compare the efficacy of basal insulin preparations 
Population Type 1 diabetes 
Intervention Mixed treatment – a mixture of human regular and neutral protamine hagedorn (NPH) insulin administered before dinner 
Comparison Split treatment – human regular insulin administered before dinner and NPH insulin administered at bedtime 

Outcome Frequency of nocturnal hypoglycaemic. Secondary endpoints were levels of fasting blood glucose and HbA1c and responses 
to experimental hypoglycaemia 

Characteristics C-peptide negative persons with type 1 diabetes mellitus (10 women, 12 men) 
type 1 diabetes mellitus, receiving long-term intensive insulin treatment (multiple insulin injections with regular human 
insulin before meals and NPH insulin at bedtime) 

Results  During split regimen treatment period, patients had fewer episodes of nocturnal hypoglycaemia (0.10 ± 0.02 episode/patient-
day vs. 0.28 ± 0.04 episode/patient-day; p = 0.002) 
During split regimen patients had a lower fasting blood glucose level (7.6 ± 0.2 mmol/l vs. 8.3 ± 0.5mmol/l; p = 0.03) 
During split regimen patients had less variable fasting blood glucose levels (2 ± 0.4 vs. 3.5 ± 0.6; p =0.001) and lower 
haemoglobin A1c levels (7.0% ± 0.11% vs. 7.5% ± 0.15%; p = 0.004) 
Responses to experimental hypoglycaemia were better preserved with the split regimen than with the mixed regimen. 
Insulin doses did not differ between groups 

Hierarchy of Evidence Grading Ib 

Comments 1 month run-in period, during which patients continued usual regimen of multiple daily insulin injections 
Patients randomly assigned to two treatment groups for 4 months 
Patients then switched to alternative group for further 4 months. 
Target fasting blood glucose of 5-6.7 mmol/l before meals and at bedtime 
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Sample-size power calculations indicated that 20 patients would be required to detect a 50% decrease in primary end point 
with power of 80% at 5% significance 
All patients completed the study 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Tunbridge F, Newen A, Home PD, Davis SN, Murphy M, Burrin JM, Alberti KG, Jensen I 1989 Double-blind crossover trial 
of isophane (NPH)- and lente-based insulin regimens.  Diabetes Care 12:115-119 

N= N=82 
UK 

Research Design Randomised controlled trial  
Aim A study to compare the efficacy of two insulin regimens 
Population Diagnosed type 1 diabetes 
Intervention lente (Monotard) insulin 
Comparison NPH (Protaphane) 

Outcome Glycaemic control as measured by glycosylated haemoglobin and fructosamine concentrations and blood glucose 
measurements. Incidence and severity of hypoglycaemia. 
On day before each visit patients collected a 7 point blood glucose profile (before and after breakfast, lunch and dinner and 
before bed) 

Characteristics Not recorded – crossover design 
Results  Glycaemic control 

Glycaemic control as assessed by glycosylated haemoglobin (NPH 9.2 ± 0.1%, lente 9.3 ± 0.1%) and fructosamine 
(1.55 ± 0.02 and 157 ± 0.02 mM) concentrations were identical for the two regimens. 
No differences between groups was observed in fasting blood glucose (NPH 8.8 ± 0.5 mM, lente 9.0 ± 0.5 mM) and mean 
blood glucose (8.2 ± 0.3 and 7.6 ± 0.3 mM)  
Insulin doses 
For both groups, insulin dosage was similar (NPH 56.3 ± 0.6 U/day, lente 57.2 ± 0.6U/day) with no tendency for a difference 
in the evening intermediate acting dose (NPH 17 ± 0.3 U/day, lente 17 ± 0.3 U/day) to counter fasting hyperglycaemia. 
Conclusion 
Lente and NPH-based twice daily human insulin regimens give indistinguishable metabolic control 

Hierarchy of Evidence Grading Ib 
Comments 2 month run-in period. Patients encouraged to change to high carbohydrate/fibre modified low-fat diet. 

Patients randomised to NPH (Protaphane) or lente (Monotard) insulin preparations given together with Actrapid as a twice 
daily injection regimen 
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Patients seen monthly and crossed over after 5 months 
Power calculations suggested 80 patients would have a 95% chance of detecting a 1% difference in glycosylated haemoglobin 
and a 2 mM difference in fasting BG concentration. 
77 patients completed the study; the five dropouts were due to pregnancy (2 subjects), failure to attend (1 subject on each 
insulin type), and moving away from area (1 subject). 
Five dropout patients are included in intent-to-treat analysis 
Crossover analysis performed. 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Tunbridge FK, Newens A, Home PD, Davis S, Murphy M, Burrin J, Alberti K, Jensen I 1989 A comparison of human 
ultralente- and lente-based twice-daily injection regimens.  Diabetic Medicine 1989;6:496-501 

N= N=66 
UK 

Research Design Randomised controlled trial  
Aim A comparison of the effectiveness of different insulin preparations 
Population Type 1 diabetes 
Intervention Human ultralente 
Comparison Human lente insulin given together with human soluble insulin in twice daily injection regimen. 

Outcome Glycaemic control as measured by blood glucose levels, insulin dosage, hypoglycaemic events and glycosylated Haemoglobin 
(HbA1c) 
Day before each monthly visit patients performed 8 point glucose profile (before and after each main meal, before bed, and 
during the night at 0300h 

Characteristics age 18-62 years; 37 male and 29 female 
Results  Insulin dose 

The evening extended acting insulin dose for the ultralente based insulin regimen was slightly but significantly lower than that 
for the lente-based regimen (14.9 ± 0.8 vs. 15.5 ± 0.8 U, p less than 0.05) 
Blood glucose profiles 
Fasting blood glucose concentration on the ultralente regimen was lower than on the lente regimen (6.6 ± 0.5 vs. 8.2 ± 
0.5mmol/l, p less than0.05) 
No significant difference in other values tested. 
Patients with mean fasting blood glucose concentrations below the median (as measured over previous 10 months), this 
measure was significantly improved on the ultralente –based compared with the lente-based regimen (5.3 ± 0.5 vs. 7.6 ± 
0.8mmol/l, p less than0.05) 
Hypoglycaemic events 
No differences were found between the frequencies of grades 1,2 and 4 events. 
There were more grade 3 events (day and night), requiring third party assistance, on the ultralente regimen (0.38 ± 0.10 events 
patient/month) than on the lente regimen (0.09 ± 0.04 events/patient/month) 
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Of these grade 3 events a large proportion occurred during the night (0.28 ± 0.09 events/patient/month on the ultralente vs. 
0.06 ± 0.03 events/patient/month on the lente regimen p less than0.05), with 60% occurring after 0500h on the ultralente 
regimen, compared with 14% on the lente regimen 

Hierarchy of Evidence Grading Ib 

Comments Run-in period of 1 year on similar study 
Short and extended-acting insulin doses were not changed on entry to study. 
Patients randomised to  
Human ultralente insulin (Human ultratard) given together with human soluble insulin (Human Actrapid) 
Human lente insulin (Human monotard), given together with human soluble insulin (Human Actrapid) 
Extended acting insulin and soluble insulin were mixed in the syringe immediately before each injection, given twice daily 15-
30 minutes before breakfast and the evening meal 
Double-blind crossover 
Human ultralente insulin is of longer duration than human lente 
Blinding carried out by pharmacy staff 
Labelling with patient record numbers was according to a randomisation code prepared elsewhere 
65 of 66 patients completed the 6 month study, 
Single drop out due to non-compliance 
All patients subjected to intention to treat analysis 
Data analysis was by standard parametric and nonparametric techniques 
Main crossover analysis was performed using ANOVA to exclude any effect of duration of study.. 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Haakens K, Hanssen KF, Dahl-Jorgensen K, Vaaler S, Torjesen P, Try K 1989 Early morning glycaemia and the metabolic 
consequences of delaying breakfast/morning insulin. A comparison of continuous subcutaneous insulin infusion and multiple 
injection therapy with human isophane or human ultralente insulin at bedtime in insulin-dependent diabetics.  Scandinavian 
Journal of Clinical & Laboratory Investigation 49:653-659 

N= N=54 
Research Design Randomised controlled trial  
Aim A study into alternative insulin therapy regimens 
Population Type 1 diabetes 
Intervention Delay of morning insulin/breakfast in type 1 diabetics on the following regimens 

1) Continuous subcutaneous insulin infusion (CSII). 
2) Multiple injection therapy (MI) with human isophane insulin at bedtime (MI/human isophane) (Protophane human)) 

Comparison 3) MI with human ultralente insulin at bedtime (MI/human ultralente) (Ultratard human) 

Outcome Morning glycaemia and metabolic control as measured by blood glucose, serum free insulin and serum betahydroxybutyrate 
Characteristics C-peptide negative 
Results  At all times blood glucose was lowest on CSII, intermediate on MI/human ultralente and lowest o MI/human isophane 

Serum hydroxybutyrate was lowest on CSII, intermediate on MI/human ultralente and highest on MI/human isophane 
Blood glucose rose significantly on MI/human isophane (p less than0.001) and CSII (p less than0.02); serum free insulin 
declined significantly on MI/human isophane (p less than0.001), and betahydroxybutyrate rose significantly on all regimens. 
 
Conclusion 
Morning metabolic control is better with CSII than MI. 
Human isophane insulin is preferable to human ultralente insulin overnight in MI. 
Delaying morning insulin is not advisable on intensified insulin regimens, being most unfavourable on MI/human isophane 

Hierarchy of Evidence Grading Ib 

Comments After overnight fast, food and insulin (except for basal infusion on CSII) were withheld 
Blood glucose, serum free insulin and serum betahydroxybutyrate followed from 0800 hours to 1300 hours 
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Standardised test for paired and unpaired data 
Reference / Citation  130 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Richter B, Neises G, Bergerhoff K 2002 Human versus animal insulin in people with diabetes mellitus: A systematic review.  
Endocrinology & Metabolism Clinics of North America 31:723-749 

N= 45 randomised controlled clinical trials that studied the effects of human versus animal insulin 
n = 2156 participants (NB diagnosis of type 1 or type 2 diabetes). 58% of crossover and parallel studies investigated type 1 
diabetes 

Research Design Systematic review 
Aim to assess effects of different insulin species by evaluating their efficacy (in particular glycaemic control) and adverse effects 

profile (mainly hypoglycaemia) 
Population Both Type 1 diabetes and mixed diabetes populations 
Intervention Any type and preparation of animal insulin therapy. 

Purified porcine and semi-synthetic insulin were most often investigated 
Comparison Comparisons of any type and preparation of human insulin treatment 

Outcome Primary outcome: Glycaemic control (glycated haemoglobin), frequency, severity and symptoms of hypoglycaemia and 
diabetic complications (for example diabetic retinopathy, diabetic nephropathy, diabetic neuropathy) 
Secondary outcome: Fasting plasma glucose, any other adverse event other than hypoglycaemia, diabetes-related mortality, 
health-related quality of life, compliance, costs, socio-economic effects. 
All studies reported on metabolic control and insulin dosage, some on insulin antibodies and adverse effects in general, and 
many on hypoglycaemic episodes. 

Characteristics Varied between studies 
Results  No significant differences in glycaemic control or hypoglycaemic episodes between various insulin species could be found 
Hierarchy of Evidence Grading Ia 

Comments Highly sensitive search combined with key terms for identifying was performed using Cochrane, Medline and Embase. 
Reference lists and databases of ongoing trials were also searched. 
86% of the studies did not define a primary endpoint, only three studies provided a power calculation. None of the crossover 
studies used a washout period in between two crossover phases, and only three analysed data for carryover and period effects. 
Inclusion criteria were described in 73% and exclusion criteria in 55% of trials. 
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No meta-analysis undertaken due to heterogeneity of outcomes 
Review is in accordance with the findings of previous systematic review with respect to absence of significant differences 
between animals and human insulin, indicating that human insulin may have been introduced without proof of being superior 
to animal insulin. 
Studies have not assessed patient-centred outcomes like patient satisfaction, health-related quality of life and diabetes-related 
morbidity. 
Randomised trials did not report on qualitative assessments of patients’  experiences when using difference insulin species. 

Trials included  See original paper 
Reference / Citation  126 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Richter B, Neises G, Bergerhoff K 2002 Human versus animal insulin in people with diabetes mellitus: A systematic review.  
Endocrinology & Metabolism Clinics of North America 31:723-749 

N= Eighteen studies (11 used crossover design, 7 used a parallel study design) studied 700 patients 
Research Design Systematic review 
Aim A comparison of animal and human insulin regimens 
Population Mixed diabetes population 
Intervention Any type and preparation of animal insulin 
Comparison Any type and preparation of human insulin treatment 

Outcome Primary outcome: Glycaemic control (glycosylated haemoglobin and fasting blood glucose levels), frequency, severity and 
symptoms of hypoglycaemic, diabetic complications (e.g. diabetic retinopathy, diabetic nephropathy)  
Secondary outcomes: Any other adverse effect apart from hypoglycaemia, diabetes-related mortality, health related quality of 
life, compliance, costs and socio-economic effects.  

Characteristics Varied between trials 
Results  Metabolic control 

Parallel studies 
Five studies reported no significant differences between insulin species in glycosylated haemoglobin (HbA1c) and fasting 
plasma glucose outcomes. One study described a significant increase in HbA of 1.9% after porcine insulin administration. 
Another trial reported a significant increase in fasting plasma glucose after human insulin administration and a decrease after 
porcine insulin administration. 
Crossover studies 
HbA1, HbA1c. fructosamine, and fasting plasma glucose measurements generally indicated no significant differences between 
insulin species. 
Hypoglycaemic episodes 
Parallel studies 
Studies do not mention severe hypoglycaemic events and report no differences in the risk of hypoglycaemia associated with 
the insulin preparations. One trial mentioned one to two mild to moderate hypoglycaemic events per week in both insulin 
groups. 
Crossover studies 
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Two studies described hunger and sweating as initial warning symptoms significantly more often during porcine insulin 
therapy. Other studies could not detect significant differences in autonomic and neuroglycopenic symptom scores. No study 
found a significant difference in severe hypoglycaemic events, the total number of hypoglycaemic episodes, the number of 
events per patients, hypoglycaemic coma, frequency or time of occurrence, and unexplained or nocturnal hypoglycaemic 
episodes 

Hierarchy of Evidence Grading Ia 

Comments Search of Cochrane library and Medline for randomised trials. 
All participants were ambulatory patients. Trial duration from 3 months to 5 years for parallel studies and 1.5 to 3 months for 
crossover trials. 
Numbers of participants ranged from 20 to 103 in parallel studies to 15 to 88 in crossover studies. 
Almost all participants received animal insulin in the purified porcine form; only three randomised, double blind studies 
investigated bovine insulin. 
All of the crossover and most of the parallel studies were of high quality. 
Pharmaceutical studies sponsored almost all studies. 
Two reviewers. 
Interobserver agreement. 
Validated quality criteria – assessment of randomisation, allocation concealment, blinding, description of withdrawals and 
dropouts, and intention-to-treat analysis. 
Outcome measures could not be converted into standard measure, therefore no meta-analysis performed.  
The overall picture with regard to hypoglycaemic events and glycaemic control does not indicate any substantial difference 
between insulin species. 

Trials included  See original study 
Reference / Citation   
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  George E, Bedford C, Peacey SR, Hardisty CA, Heller SR 1997 Further evidence for a high incidence of nocturnal 
hypoglycaemia in IDDM: no effect of dose for dose transfer between human and porcine insulins.  Diabetic Medicine 14:442-
448 

N= N=20 human insulin = 10 , porcine = 10  
UK 

Research Design Randomised controlled trial  
Aim A comparison of human and animal insulin therapy 
Population Type 1 diabetes 
Intervention NPH (Insulatard) (intermediate-acting porcine insulin) 
Comparison Velosulin (short-acting human insulin)  

Twice daily dosing for 12 weeks – crossover to alternative treatment occurring every 4 weeks 
Outcome Insulin doses, glycaemic control as measured by blood glucose. Frequency and severity of hypoglycaemic episodes, HbA1c 

measured at screening, first day of transfer and end of trial 
Characteristics Type 1 diabetes. Sixteen had used animal insulins in the past but all had been using human insulin for at least 3 years. Sixteen 

had been using a bolus regimen, 3 twice-daily mixtures of short- and long-acting insulin and 1 twice daily long-acting insulin 
only, men insulin dosage being 0.66 ± 0.05 units/kg/day. Mean total HbA1 was 10.3 ± 0.3%. Five patients had evidence of 
background retinopathy; six had evidence of peripheral neuropathy. 

Results  Glycaemic control 
HbA1c fell significantly during the study from 10.3 ± 0.3% at screening to 9.9 ± 0.3% at completion 
HbA1c values fell significantly during the first 4 weeks on human insulin (from 10.2 ± 0.3% to 9.8 ± 0.3%, p less than 0.02) 
HbA1c levels were not significantly different during the first 4 weeks on porcine insulin (10 ± 0.3% to 10 ± 0.3%) 
No difference in HbA1 at the end of each phase. 
Insulin doses 
Total daily insulin dosage was similar in all phases of the study 
Reported episodes of hypoglycaemia 
Episodes of hypoglycaemia were not significantly different 
Nocturnal studies 
The episodes of hypoglycaemia seen on each night were similar in number and duration 
The total number of interventions with food or intravenous dextrose to correct hypoglycaemia were not significantly different 
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The time of onset of hypoglycaemia did not differ between nights 
There was a significant difference in the overnight glucose profiles between nights 1 and 8 following transfer to human insulin 
(AUC night 1 82.3 ± 7.8 vs. night 8 61.4 ± 5.3 mmol/h, p less than 0.05) 
No differences in glucose profile were seen following transfer to porcine insulin (AUC night 1 70.7 ± 7.2 vs. night 8 70.1 ± 
7.5 mmol/h, p = 0.74) 
Comparison of glucose values from all 4 nights revealed no overall differences in AUC. 
Glucose values at 10 pm on nights 1 and 8 on human insulin and porcine insulin were similar 

Hierarchy of Evidence Grading Ib 

Comments 4 week run in period, encouraging patients to optimise glycaemic control. 
All patients underwent two transfers of insulin species 
Patients were encouraged to alter insulin doses as usual except on first day of each transfer of insulin species when patients 
used the same doses of insulin as on the previous day, i.e. insulin species was transferred on a unit for unit basis. 
Patients were admitted to hospital on first night of transfer to have nocturnal glucose measurements taken. 
No comparison between baseline characteristics of patients 
Blinding and dispensing of insulins was performed by the Pharmacy at the hospital. 
High rates of nocturnal hypoglycaemia were seen (35% on the first night after transfer to human insulin to 55% on the eighth 
night after transfer to porcine insulin) 
Study had 80% power to detect a doubling of asymptomatic hypoglycaemia from 20-40 %; however because frequency of 
overnight hypoglycaemia was greater than anticipated at 50%, the power to detect an increase of 20% was only 50% - possible 
type 2 error. 

Reference / Citation  127 
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Q 27 What types of insulin regimens aid optimal diabetic control in adults with stable type I diabetes? 
 

Author / Title / Reference / Yr  Karlson B, Agardh CD 1994 Influence of intensified insulin regimen on quality of life and metabolic control in insulin-
dependent diabetes mellitus.  Diabetes Research & Clinical Practice - Supplement 25:111-115 

N= N = 78 
Sweden 

Research Design Cohort study  
Aim To assess the efficacy of a changed insulin regimen in diabetes 
Population Type 1 diabetes 
Intervention Treatment mode using 4 injections per day with a pen injector 
Comparison A 3-dose insulin regimen using conventional syringes 

Outcome Metabolic control 
Perceived distress from diabetes on everyday life and 
Correspondence between expectations and experiences of treatment  

Characteristics Aged 33.8 ± 9.6 years, with a duration of diabetes of 16.6 ± 9.5 years and an HbA1c level of 8% ± 1.5 at baseline 
Results  Neither the metabolic control nor the BMI or rate of hypoglycaemic episodes changed during the study period. 

Patients did experience a decreased distress from diabetes, which appeared during the first 3 months and remained unchanged 
thereafter. 
Expectations of advantages from the intensified insulin therapy were generally high and were mostly either fulfilled or 
exceeded by experiences. 
 
Conclusion 
No positive effects on metabolic control were noted following the change to a more intensified insulin regimen; however, an 
improvement in quality of life was shown. 

Hierarchy of Evidence Grading IIa 

Comments Existing treatment consisted of a 3-dose insulin regimen using conventional syringes. 
Patients were switched to using an injection pen (Insuject) with at least three primal boluses of short-acting insulin (Velosulin 
Human) and with one injection of intermediate-acting insulin (NPH - Insulatard Human) by means of conventional syringes 
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and insulin vials at bedtime. 
When needed, Insulatard Human was also given before breakfast.  
Experience measures were registered at baseline and after 3 and 12 months, respectively.  
HbA1c levels were measured every 3 months. 
A questionnaire covering 13 aspects of treatment was designed; however some centres only started the study with preliminary 
version, response to which were excluded leaving only 54 out of 73 patients. 
Questionnaire not validated 
Repeated measures of analysis of variance was used, t-tests and chi squared test for heterogeneity 

Reference / Citation  128 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 

diabetes? 
 

Author / Title / Reference / Yr  Hollander, P., Pi, S., X, & Coniff, R. F. 1997, "Acarbose in the treatment of type I diabetes. [see comments.]", Diabetes Care, 
vol. 20, pp. 248-253. 

N= n=264, acarbose =132, placebo =132 
USA 
Multi-centre study, number of sites not stated 

Research Design Randomised controlled trial 
Aim A study to assess the safety and efficacy of acarbose in conjunction with diet and insulin therapy 
Operational Definition Not stated 
Population Type 1 diabetics 
Intervention An intervention of acarbose three times daily (orally) with doses titrated up from 50mg to 300mg at 6 weeks periods for a total 

of 24 weeks in combination with insulin therapy. 
Comparison Intervention compared to insulin therapy and placebo 
Outcome Outcome measurements were change from baseline in HbA1c, and change in daily insulin requirements, and the number of 

hypoglycaemic episodes. Secondary outcomes included meal tolerance variables, serum lipid levels, and an analysis of 
changes in HbA1c and insulin as improving or worsening, as well as safety parameters with a complete physical examination, 
at 6 weeks to 24 weeks. For each assessment visit a full meal tolerance test was performed, other information gathered 
included body weight and other vital signs, HbA1c, fasting blood chemistry, HDL cholesterol was measured at start and end 
of study. All measurements were made at central laboratory, except for plasma glucose values 

Characteristics Age =37yrs, Male =67%, BMI =25 kg/m2 , duration of diabetes =14.5 yrs, Type 1 diabetes =100% 
Results  Treatment with acarbose was associated with a statistically significant reduction in mean HbA1c levels compared with 

placebo –0.30 ± 0.08% decrease Vs 0.18 ± 0.08% increase (p<0.05) 
There were significant decreases in fasting plasma glucose levels and postprandial glucose levels at 60, 90, and 120 minutes 
(p<0.05 for all) 
There were significant reductions in plasma glucose Cmax and glucose rise (p<0.05 for both) 
There were no significant differences noted between acarbose and placebo groups in daily insulin dose or in the number of 
hypoglycaemic episodes. 
For other variables measured including body weight, fasting triglyceride, and total and HDL cholesterol there were no 
significant differences between the groups 
49% of the placebo patients and 84% of the acarbose population reported one or more adverse event while taking study 
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medication (p<0.01) these were predominantly gastrointestinal symptoms 
There were significantly greater incidence of abdominal pain, overall pain, diarrhoea, and flatulence, (p<0.05 for all) 
Treatment was discontinued in 19% of the acarbose group that was significantly greater than the 5% of the placebo group that 
withdrew. 

Hierarchy of Evidence Grading Ib 
Comments Stabilisation of insulin was achieved during a 6 week run in period. Following randomisation insulin adjustments were made 

at the discretion of the attending physician based on hypoglycaemic events,  changes in therapy were not documented 
Doses of intervention drug were variable and dose response analysis not stated 
Compared with the results of the DCCT trial the present study would have expected to reduce the risk of sustained progression 
of retinopathy by roughly 25% 
In this trial patients received a variety of different insulin regimens. Despite this variability, acarbose significantly improved 
glycaemic control in these patients 
Most of the patients who dropped out of the study did so at the lower dosage level of 50 mg 

Reference / Citation 157 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 

Author / Title / Reference / Yr  Riccardi, G., Giacco, R., Parillo, M., Turco, S., Rivellese, A. A., Ventura, M. R., Contadini, S., Marra, G., Monteduro, M., 
Santeusanio, F., Brunetti, P., Librenti, M. C., Pontiroli, A. E., Vedani, P., Pozza, G., Bergamini, L., & Bianchi, C. 1999, 
"Efficacy and safety of acarbose in the treatment of Type 1 diabetes mellitus: a placebo-controlled, double-blind, multicentre 
study", Diabetic Medicine, vol. 16, pp. 228-232. 

N= n=121, acarbose =61, placebo =60 
Italy 
3 sites 

Research Design Randomised controlled trial 
Aim A study to evaluate the efficacy and safety of acarbose in patients with type 1 diabetes 
Operational Definition Not stated 
Population Type 1 diabetics 
Intervention An intervention of 50mg acarbose (orally) three times daily for 2 weeks rising to 100mg 3 times daily for 24 weeks with 

concurrent insulin. 
Comparison Intervention compared with insulin and placebo 
Outcome Outcomes of HbA1c, blood glucose (fasting and postprandial), and other blood and plasma parameters were measured up to 

the 24 week time point. Safety and tolerability in terms of heart rate, blood pressure, bodyweight, adverse events and 
withdrawals are studies to the same time. Fasting samples for the evaluation of metabolic and safety parameters were taken 
after the run-in and at the end of the study. HbA1c was measured using the same high performance liquid chromatography in 
each centre with variability <10%. Plasma glucose, cholesterol, triglyceride, and HDL cholesterol were measured by standard 
colorimetric methods 

Characteristics Age =34 yrs, Male =44%. BMI =24.7 kg/m2 , HbA1c =9.1%, Insulin dose 40 U/day, Type 1 diabetics =100% 
Results  The adjusted mean HbA1c values at the end of study were not significantly different between the study groups, 8.67 ± 0.14 % 

Vs 8.90 ± 0.14 % for acarbose and placebo groups respectively 
There was a significant decrease in the 2 hrs post prandial plasma glucose level with acarbose 12.23 ± 0.83 mmol/l compared 
with people on placebo 14.93 ± 0.87 mmol/l (p<0.02) 
Stratifying people according to carbohydrate intake there was found no significant difference in either HbA1c or postprandial 
glucose level reduction between those who had a higher (>54%) or lower (<54%) carbohydrate consumption 
There were no significant differences between groups between acarbose and placebo for the outcomes of daily insulin dose, 
fasting glycaemia, total cholesterol, or triglycerides. 
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HDL cholesterol levels were significantly lower in people on acarbose compared to placebo 1.39 ± 0.03 mmol/l Vs 1.50 ± 
0.03 mmol/l (p<0.02) 
75% of the acarbose group reported at least one adverse event compared to 39% of the placebo group, these were mostly mild 
and confined to the gastrointestinal tract. 
The total number of hypoglycaemic episodes was similar in the acarbose and placebo groups 
There were no clinically significant differences in laboratory parameters of bodyweight, vital signs, or ECG measurements in 
any of the study population 
One patient withdrew from the placebo group due to a gastrointestinal adverse event, while five patients withdrew from the 
acarbose group four from gastrointestinal effects 

Hierarchy of Evidence Grading Ib 
Comments Every effort was made to avoid increasing the dose of insulin during the treatment period, however doses could be adjusted if 

blood glucose levels exceeded 11. 1mmol/l and reduced with hypoglycaemic episodes  
Type 1 diabetes confirmed by a glucagon test to exclude the possibility of residual insulin secretion (C-peptide > 0.6 mmol/l at 
6 min) 
Apart from the effects on postprandial blood glucose, acarbose was not associated with a significant decrease in HbA1c 
Acarbose may find a role as an adjuvant to diet and insulin as an additional therapeutic option 

Reference / Citation 158 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 

Author / Title / Reference / Yr  Viviani, G. L., Camogliano, L., Borgoglio, M. G., & et, a. 1987, "Acarbose treatment in insulin-dependent diabetics. A 
double-blind crossover study", CURR THER RES, CLIN EXP, vol. 42, pp. 1-11. 

N= n=30 in crossover design 
Research Design Randomised controlled trial 
Aim To investigate the effectiveness of acarbose in lowering postprandial hyperglycaemia in an insulin dependant population 

following an experimental low carbohydrate diet 
Operational Definition Not stated 
Population Type 1 diabetics 
Intervention An intervention of 100 mg acarbose (orally) three times a day with continuing insulin for 4 weeks. 
Comparison Intervention compared to insulin and placebo in a cross over design 
Outcome Outcomes of glucose profiles were determined at baseline and at 2 week intervals. Haematological and biochemical tests and 

glycosylated haemoglobin determination were evaluated at baseline and at 4 and 8 weeks (at the end of each intervention 
period). Plasma glucose was determined using glucose-oxidase method. HbA1c was evaluated by isoelectric focusing. Other 
blood and plasma characteristics were measured using standard procedures 

Characteristics Age =38yrs, Male =50%, Duration of diabetes =12.4 yrs, daily dose of insulin = 30.9 units 
Results  Glucose patterns were not significantly different at baseline. While acarbose significantly lowered the plasma glucose values 

compared to baseline (p<0.05 to p<0.001 depending on time of day of sampling). Glycaemic control worsened in the two 
groups during placebo treatment (p<0.05 to p<0.001). No comparisons between groups were made 
No variations were registered in body weight, arterial blood pressure, or routine and haematological parameters at the end of 
each treatment period 
With acarbose treatment there was a slightly higher incidence of intestinal disturbances, and hypoglycaemic symptoms were 
observed (incidence rates stated and up to 17%) 

Hierarchy of Evidence Grading Ib 
Comments Subjects were randomised to treatment with acarbose or placebo first, method not stated  

The low intake of sugar in the people included in the study with the experimental diet might have contributed to the low 
incidence of side effects reported. 

Reference / Citation 159 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 

Author / Title / Reference / Yr  Marena, S., Tagliaferro, V., Cavallero, G., Pagani, A., Montegrosso, G., Bianchi, W., Zaccarini, P., & Pagano, G. 1991, 
"Double-blind crossover study of acarbose in type 1 diabetic patients", Diabetic Medicine, vol. 8, pp. 674-678. 

N= n=14 in cross over design 
Italy 
One site only 

Research Design Randomised controlled trial 
Aim A study to determine efficacy and safety of acarbose in type 1 diabetics, no hypothesis provided 
Operational Definition Definition of Type 1 diabetics according to the USA National Diabetes Data Group criteria 
Population Type 1 diabetics 
Intervention An intervention of 100 acarbose three times daily (orally) at the beginning of each meal with normal insulin therapy for 6 

weeks  
Comparison Compared to insulin therapy and placebo 
Outcome Outcome measures of blood glucose levels, HbA1c and cholesterol markers are determined along with frequency of side 

effects and tolerability to the end of each 6 week intervention period. A complete blood glucose profile (fasting, pre-prandial 
and postprandial) was determined, with blood glucose measured by reagent strip. Laboratory test were performed on a venous 
blood sample. HbA1c was evaluated by HPLC, total cholesterol and HDL cholesterol and triglyceride were also measured. 
Haematology and liver function tests were also performed. 

Characteristics Age =35 yrs, BMI =22.5 kg/m2 , duration of diabetes =7.9 yrs, HbA1c =9.6 %, fasting plasma C-peptide =0.08 nmol/l   
Results  Fasting and mean daily blood glucose levels were decreased with acarbose compared to placebo 7.4 ± 0.5 nmom/l Vs 10.7 

±0.5 nmol/l (p<0.001) and 8.5 ±0.3 nmol/l Vs 9.7 ± 0.3 nmol/l (p<0.002) respectively for each outcome 
HbA1c was significantly lower when on acarbose (8.3 ± 0.2 %) than on placebo (9.4 ± 0.3 %) (p<0.001) 
Analysis of plasma triglycerides showed these to be lower on acarbose (1.2 ±0.2 mmol/l) than on placebo (1.4 ±0.2 mmol/l) 
(p<0.006) 
There were no significant differences between the groups in any other recorded laboratory measure 
During the acarbose period two people complained of abdominal discomfort and two developed asymptomatic fasting 
hypoglycaemia. One case of mild flatulence occurred to a patient on placebo 

Hierarchy of Evidence Grading Ib 
Comments There was no indication of additional interventions being offered to either study group. It is not clear if insulin regimens were 



National Collaborating Centre 
for Chronic Conditions 

 

Page 116 of 168 

altered in any patients during the study prior to withdrawal and artificial B-cell analysis 
Both patients and investigators unaware of the treatment allocation 
No washout during cross over study, although authors state the effects of acarbose were not dependant on the order of study 
Adherence to treatment was evaluated by tablet count and was good in both groups 
Outcomes and study duration are relatively short 
Additional analysis carried out on insulin requirement after withdrawal not reported here 

Reference / Citation 160 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 

Author / Title / Reference / Yr  Gums, J. G., Curry Jr, R. W., De Oca, G. M., Skluth, H. A., & Reynolds, L. R. 1992, "Treatment of type I diabetes with a 
combination of glyburide and insulin", Annals of Pharmacotherapy, vol. 26, no. 6, pp. 757-762. 

N= Per protocol n=40, glyburide =20, placebo =20 
USA 
One site only 

Research Design Randomised controlled trial 
Aim A study to assess the ability of a combination of insulin and an oral hypoglycaemic agent to improve the overall glycaemic 

control in Type 1 diabetics 
Operational Definition None stated 
Population Type 1 diabetics 
Intervention An intervention of 5mg glyburide (oral)  for 12 weeks after a 12 week baseline evaluation period and open label insulin run-in 
Comparison A control of placebo with normal insulin regimen 
Outcome Outcomes blood glucose concentration, daily insulin dose, glycosylated haemoglobin, and plasma lipids were reported to the 

end of the 12 week study period, and certain measures at 4 week intervals in between. All outcomes are biochemical 
measurements made using standard methods. Evaluations of HbA1c were performed at weeks 0, 4, 8, and 12. Serum C-
peptide concentrations were measured by radioimmunoassay , glycosylated haemoglobin concentrations were measured by 
column chromatography, fasting plasma glucose measurements were determined by enzymatic assay, Self blood glucose 
monitoring was conducted using the Glucometer M blood glucose meter, and levels determined from machine memory 

Characteristics Age =34yrs, Male =63%, Duration of diabetes =12 yrs, HbA1c 10.7 %, Fasting blood glucose =10 mmol/l Type 1 diabetics 
=100% 

Results  Fasting blood glucose significantly declined from baseline on glyburide (p=0.0150) by week 4 although no comparison made 
to placebo group 
No significant changes in glucose concentrations before supper were noted at any point in either the glyburide or placebo 
groups 
No difference was noted between the groups in terms of daily insulin dose, or glycosylated haemoglobin levels at any stage up 
to 12 weeks 
Average total cholesterol did not change in either group over the duration of the study 

Hierarchy of Evidence Grading Ib 



National Collaborating Centre 
for Chronic Conditions 

 

Page 118 of 168 

Comments There were no differences in baseline demographic characteristics between the two study groups however patients in the 
glyburide group had a longer duration of diabetes than those in the control group (15.60 ± 1.79 yrs Vs 8.90 ± 1.65 yrs 
respectively) (p<0.01) 
Both investigators and patients were blind to treatment allocation using identical placebo 
The insulin dependant nature of the patients was confirmed by a documented lack of endogenous insulin secretion  
(postprandial C-peptide response <1.5 ng/ml) 
Study failed to find a consistent trend of improvement in glycaemic control 
More significant results may have been found with a more homogeneous population or with a higher dose of glyburide. 
Effects of oral glyburide might not become apparent in the 12 week follow up employed 

Reference / Citation 161 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 

Author / Title / Reference / Yr  Goldman, J., Tamayo, R. C., Whitehouse, F. W., & Kahkonen, D. M. 1984, "Effect of glyburide on metabolic control and 
insulin binding in insulin-dependent diabetes mellitus", Diabetes Care, vol. 7 Suppl 1, pp. 106-112. 
 

N= n=28, glyburide =14, placebo =14 
USA 
One site only 

Research Design Randomised controlled study 
Aim The study set out to assess efficacy of glyburide as dual therapy with insulin to aid metabolic control, but no hypothesis stated 
Operational Definition Not stated 
Population Type I diabetics 
Intervention An intervention of 5mg glyburide (orally) to be taken before breakfast in addition to normal insulin regimen fro 24 weeks  
Comparison Intervention compared to insulin with placebo for a 24 week period 
Outcome Outcomes of C-peptide levels, insulin antibody tiers and plasma glucose concentrations were studies at 6 week intervals to 24 

weeks. In addition HbA1c and blood plasma cholesterol parameters were evaluated. Plasma C-peptide levels and insulin 
antibodies were assayed by previously reported methods. Glycosylated haemoglobin levels were measured by liquid 
chromatography. Standard automated methods were used to assay plasma glucose, triglycerides, BUN, creatinine, liver 
function tests and cell blood counts. 

Characteristics Age =48yrs, Male =64%, Duration of diabetes =12.5 yrs, Daily insulin dose =41.5 U, Type 1 diabetes =100% 
Results  There were no significant differences in plasma C-peptide levels between the glyburide and placebo groups, nor was there a 

difference in insulin antibody tiers 
Plasma glucose concentrations were not significantly different between groups at any time point up to 24 weeks. 
There was a significantly larger change in HbA1c from baseline between glyburide and placebo groups at 6 weeks (p<0.05) 
but no differences were found at any other time points 
There were no significant differences in plasma cholesterol and triglyceride concentrations between study groups 
Similarly plasma cholesterol lipoprotein fractions did not change significantly change between the groups at ant time point 

Hierarchy of Evidence Grading Ib 
Comments Only a small and transient improvement in diabetes control 

No details of baseline comparisons makes outcomes hard to evaluate 



National Collaborating Centre 
for Chronic Conditions 

 

Page 120 of 168 

No power calculation or definition of primary endpoints and with small sample size it is unsurprising that few significant 
outcomes were found 

Reference / Citation 162 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 

Author / Title / Reference / Yr  Fallucca, F., Sciullo, E., & Maldonato, A. 1996, "Combined therapy with insulin and sulfonylurea for the treatment of new-
onset insulin-dependent diabetes mellitus", Hormone & Metabolic Research, vol. 28, no. 2, pp. 86-88. 
 

N= n=22, gliclazide =11, placebo =11 
Italy 
One site only 

Research Design Randomised controlled trial 
Aim No clear definition of intent or hypothesis set 
Operational Definition Not stated 
Population Type 1 diabetics 
Intervention An intervention of gliclazide at 80mg twice daily in addition to insulin as a continuous therapy  
Comparison Intervention compared to insulin and placebo  
Outcome Outcomes measured included changes in insulin dose required, glycosylated haemoglobin, plasma glucose and C peptide 

levels at fasting and 60 minutes after a standard breakfast are all measured to 18 months. The methods for determining 
outcomes are reported in a separate publication 

Characteristics Age =19.4 yrs, Male =55%, Type I diabetes =100%, HbA1c =9.0%, Plasma glucose =166 mg/dl 
Results  Insulin requirement was similar between groups at baseline but by month 18 it was 15 ± 2.0 U/24hrs in the gliclazide group 

and 51 ± 2.4 U/24hrs in the placebo group (p<0.001) 
Metabolic control (glycosylated haemoglobin and fasting and 1hr post breakfast plasma glucose) was very similar in the two 
groups with no significant differences found up to 18 months 
The gliclazide group had a fasting and post breakfast test levels of C peptide as well as delta C peptide at 6, 12, and 18 months 
about double of those of the placebo group (p<0.01 to P<0.001) 

Hierarchy of Evidence Grading Ib 
Comments The trial was single blinded with only patients unaware of the allocation 

‘juvenile’  population (range 12 to 25 yrs) 
Authors report no harm due to long term use of sulphonylureas has been documented 
The mechanisms by which the combination therapy may improve the residual B=-cell function has not been investigated 
Only C-peptide outcomes improved with the therapy 
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Reference / Citation 164 
 
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 123 of 168 

 
 

 
 

Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 

Author / Title / Reference / Yr  Burke, B. J., Hartog, M., & Waterfield, M. R. 1984, "Improved diabetic control in insulin-dependent diabetics treated with 
insulin and glibenclamide", Acta Endocrinologica., vol. 107, no. 1, pp. 70-77. 

N= n=20, in cross over design, n=9 C-peptide secretors, n=11 C-peptide non secretors. 
UK 
One site only 

Research Design Randomised controlled trial 
Aim A study to determine the effect of adding glibenclamide to standard insulin therapy on indices of diabetic control 
Operational Definition Not stated 
Population Type 1 diabetics 
Intervention An intervention with 15mg glibenclamide daily (oral)  
Comparison Intervention compared to placebo for 3 months with a 1 month washout period 
Outcome Outcomes of mean daily blood glucose, index of glucose variation, HbA1, fasting blood glucose, C-peptide ratio, and 

responses to oral glucose test are reported as weekly mean scores for the 3 month duration of the therapy. Analysis is stratified 
according to fasting plasma C-peptide concentration above or below 0.07 nmol/l. Diabetic control was assessed by patients 
taking their own blood glucose samples using the capillary blood spot filter paper method on the same day of the week, but 
replicability not stated. An oral 50g glucose tolerance test was performed. Blood glucose was measured by a glucose oxidase 
method. Plasma C peptide was measured using the method of Heding (1975) The within assay coefficient of variation was 
3.8%. Total glycosylated haemoglobin was assessed by the colorimetric method 

Characteristics Age =28yrs, Male =70%, Duration of diabetes =6yrs, HbA1 =8.5 % 
Results  For C-peptide secretors  mean blood glucose, HbA1, and variation in blood glucose were significantly lower on glibenclamide 

than on placebo (P=0.02, 0.05, and 0.05 respectively) 
For non C-peptise secretors none of the outcomes measured  showed any significant differences between the two treatment 
periods 
A comparison of the C-peptide secretors to non secretors during placebo phase found no significant differences for mean 
blood glucose, HbA1 and index of variation of blood glucose. 
The plasma C-peptide response during the oral glucose test was increased and the plasma glucose to C-peptide ratio were 
reduced significantly in secretors compared to non secretors (p<0.001 for both comparisons. 

Hierarchy of Evidence Grading Ib 
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Comments Of 20 patient only 1 (5%) failed to complete the protocol after hypoglycaemic reactions when on glibenclamide  
No analysis of the total study population as a whole with and without glibenclamide 
Evidence for separating the groups on the basis of their residual endogenous insulin secretion.  

Reference / Citation 163 
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Q 33 Can combination therapy (oral glucose lowering drugs and insulin) improve blood glucose control compared to insulin therapy alone in adults with Type 1 
diabetes? 

 
Author / Title / Reference / Yr  Meyer L, Bohme P, Delbachian I, Lehert P, Cugnardey N, Drouin P et al. The benefits of metformin therapy during 

continuous subcutaneous insulin infusion treatment of type 1 diabetic patients. Diabetes Care 2002;25:2153-8. 
N= n=62, metformin =31, placebo =31 

France 
Research Design Randomised controlled trial 
Aim A study to assess the insulin-sparing effect of oral metformin with continuous subcutaneous insulin infusion (CSII) in people 

with Type 1 diabetes 
Operational Definition Not stated 
Population Type 1 diabetes 
Intervention An intervention of 850mg metformin (oral) twice per day to be taken during or at the end of breakfast and dinner 
Comparison Placebo 
Outcome The primary end point was the reduction of IR associated with a decrease or stability of HbA1c. Irs were evaluated separately 

according to basal rate and bolus doses given. 
Secondary end points included, number and severity of hypoglycaemic events, effect of plasma lipids, weight, and clinical 
tolerance. 
People followed up every 8 weeks to 6 months 
The time of all capillary SMBG measurements was recorded in the glucose meters. Blood samples were collected at each visit 
after a 12hr overnight fast. HbA1c was measured by high-performance liquid chromatography on Biorex resins 

Characteristics Age =40.5yrs, male =60%, Weight =76kg, duration of diabetes = 19yrs, Type 1 diabetes =100%, HbA1c =7.57, fasting blood 
glucose =141 mg/dl. 

Results  A relative daily reduction in IR was observed in patients on metformin over 6 months –4.3 ± 9.9 units (-7.8 PM 18%) as 
compared to an increase with placebo 1.7 PM 8.3 units (2.8 PM 12.7%) (p=0.0043) 
 
A decrease in basal requirements was observed with metformin treatment over 6 months of –2.6 PM 3.2 units (-7.9 PM 
23.8%) compared to an increase with placebo of 1.9 PM 5.7units (8.8 PM 27.1%) (p=0.023) 
 
A total of 7 of 31 people (23%) on metformin and none of those on placebo were considered therapy responders as defined by 
HbA1c  stability or improvement, a minimum 20% reduction in insulin requirement, and no severe hypoglycaemic episodes 
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(p=0.001) 
 
After 6 months HbA1c was not different between treatment groups nor was there any significant change from baseline in 
either group. 
 
The mean daily fasting capillary blood glucose levels did not vary significantly between groups 
The number of hypoglycaemic events (<60 mg/dl) with or without clinical symptoms did not differ significantly 
 
At 6 months there were no significant differences in creatinine levels, weight, or systolic and diastolic blood pressures 
between the groups. 
 
Three people in the metformin group (10%) developed minor digestive symptoms leading to study withdrawal. Mild or 
moderate gastrointestinal adverse events were also reported in another 8 people in the metformin arm compared to just 2 in the 
placebo group (p=0.069) not significant. 

Hierarchy of Evidence Grading Ib 
Comments All subjects were treated with regular insulin by CSII using an external pump. Adjustment of the insulin doses were made by 

the patient based on results of self monitoring of blood glucose (SMBG), with pre-meal, post-meal , and bedtime target ranges 
of 80-130, 130-160, 100-130 mg/dl respectively 
Compliance with medication was 75% for those completing the study by pill count 
Some analysis of other parameters show positive treatment effect between some but not all time periods 
May have shown effect of metformin where others have failed due to longer term follow up, many outcomes only show 
positive effect after 4 months 

Reference / Citation  
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7.4 Insulin delivery 
 

 
 

Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  NICE. Guidance on the use of continuous subcutaneous insulin infusion for diabetes.  2003. 

N= 20 studies identified from the search that compared CSII with MDI: 8 parallel RCTs, 9 randomised crossover studies, and 
three non-random crossover studies. 14 studies included adults with Type 1 diabetes, 4 studies pregnant women and two 
covered adolescents.  
Six further studies (1parallel RCT, 5 random crossover studies) compared analogue and soluble insulin in CSII. 
UK 

Research Design Systematic review 
Aim To assess efficacy of insulin pump devices 
Population People with insulin treated diabetes (Type 1 or Type 2). Excluding newly diagnosed patients 
Intervention CSII using insulin pumps 
Comparison Optimised MDI (����LQMHFWLRQV�GD\� 
Outcome Glycated Haemoglobin, insulin dose, weight change, cholesterol levels, patient preference, quality of life, adverse effects 
Characteristics Vary between studies 
Results  14 studies compared CSII with MDI treatment of Type 1 diabetes in adults, of which 11 were RCTs and three were non-

randomised studies.  
HbA1c levels were on average 0.6% points lower using CSII compared with MDI therapy.  
A meta-analysis was carried out on up to eight studies at various time points between 10 weeks and 1 year, demonstrated 
significant improvements at 4 months (when only RCTs were included) but not 6 months.  
A meta-analysis of five studies demonstrated that at 4 months patients receiving CSII therapy required on average 12 
units/day less insulin compared with the MDI group, however this difference was not maintained in longer-term studies. 
Body weight showed no significant difference in the eight studies in which it was investigated. 
Three studies measured lipid levels but the data were insufficient for conclusions to be drawn 
Patient preference slightly favoured CSII therapy, however, the pumps used in many of the older studies are now obsolete and 
this may bias the results against pumps. These older studies may have also used obsolete basal insulin injections as a 
comparator, giving a bias in favour of CSII.  
A reduction of elimination of episodes of hypoglycaemia due to the use of CSII will tend to raise the average level of glycated 
haemoglobin. However, the overall effect of CSII is to lower HbA1c below pre-pump levels. Some of the most recent studies 
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favour CSII. Only one study reported a quality-of-life (QoL) measurement, which showed no significant differences between 
CSII and MDI. 
The Assessment Group found little difference in the frequency of severe hypoglycaemia between the CSII and MDI 
treatments in most of the RCTs. A large body of observational studies, however, found significant reductions in the number of 
hypoglycaemic events with CSII treatment. The subset of patients enrolled into observational studies may have had greater 
difficulty with glycaemic control than patients enrolled in the CSII arm of RCTs 
 
Evidence from patients and experts 
The Committee considered evidence from CSII users, carers of people with diabetes, patient representative organisations and 
clinical experts.  
The benefit to the person with diabetes as a result of reductions in glycated haemoglobin, insulin dose needed and episodes of 
hypoglycaemia with CSII therapy was unclear from the evidence available from the RCTs.  
Advances in CSII and MDI may reduce the applicability of the earlier studies reviewed in the Assessment Report to the 
current situation. Also, patients enrolled into the clinical trials may not have been the patient group that would benefit most 
from CSII.  
Patient representative groups and experts reported many examples of major improvements in quality of life with CSII therapy 
for people with diabetes who were previously unable to satisfactorily control blood glucose levels with MDI therapy, and had 
had their lives transformed by CSII therapy. Although MDI therapy may reduce glycated haemoglobin to an acceptable level 
in many people with diabetes, some people find the treatment suboptimal because it does not regulate glycaemia sufficiently 
to avoid the unpleasant symptoms of major swings in blood glucose levels and the occurrence of disabling hypoglycaemic 
attacks. 
Once transferred to pump therapy, these patients saw a significant improvement in blood glucose levels, experienced less 
anxiety about hypoglycaemic episodes and found a great improvement in their quality of life because of the increased 
flexibility of their lifestyle. 
 
Evidence from HTA 
Mean improvement in glycated Haemoglobin = 0.6% with CSII c.f. MDI in short term (–0.64, 95%CI: –1.28, 0.01) and longer 
term (–0.61, 95%CI: –1.29, 0.07) studies.  
Short term studies show a reduction in insulin dose of ~ 12 units (–11.60, 95%CI: –18.16, –5.63). This difference was less in 
long term studies.  
Body weight did not differ significantly with CSII or MDI 
Two studies reporting data on cholesterol levels found no significant difference between the treatments 
Patient preference differed little between treatments. However, technological advances have significantly changed the ease of 
use of insulin pumps, therefore these findings are probably not relevant to the present day devices.  
Hypoglycaemic findings did not differ significantly between treatments in most RCTs, but some found fewer with CSII. 
Much greater reductions in the number of severe hypoglycaemic episodes were seen in some observational studies; however, 
these studies tend to select patients with particular problems, which may have influenced the results 
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Conclusions 
The Committee’s view was that the proportion of people with Type 1 diabetes who would be appropriate for, and would take 
up, insulin pump therapy, would be of the order of 1% of the total. For this small group of people for whom CSII therapy 
could make a large difference, the following conditions would have to apply for the therapy to be considered cost effective. 
The diabetes would have to be poorly controlled, as measured by achievement of accepted levels of HbA1c, using MDI 
therapy (including a sufficiently long use of insulin glargine, where appropriate, to determine its effectiveness)  
CSII therapy should provide significantly better control than MDI therapy (with the use of insulin glargine, where appropriate) 
and prevent the occurrence of disabling hypoglycaemic events. 

Hierarchy of Evidence Grading NICE 

Comments Titles and summaries assessed for inclusion were checked by two reviewers. Full texts of selected studies assessed for 
inclusion by one reviewer and checked by a second. Differences in opinion were resolved through discussion.  
Quality of studies assessed in accordance with CRD Report 4. 
Quality of reporting and methodology of the studies, many of which dated from many years ago was often poor by today’ s 
standards. Only 2 studies had adequate randomisation and none reported adequate allocation concealment.  
Randomisation and allocation concealment were adequate in the parallel RCT comparing analogue and soluble insulin in 
CSII, but not reported in the crossover studies.  
Report assumes that people with Type 1 diabetes would normally try twice daily injections, then MDI, and finally progress to 
CSII. However, increasingly patients may start on MDI from diagnosis. CSII would not be used for newly diagnosed people. 

Trials included  See original study 
Reference / Citation  165 
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Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Murray DP, Keenan P, Gayer E, Salmon P, Tomkin GH, Drury MI, O’ Sullivan 1988 A randomised trial of the efficacy and 
acceptability of a pen injector. Diabetic Medicine 5:750—754 

N= 78: 41 allocated to multiple injections with pen injector, 37 allocated to conventional treatment 
Republic of Ireland 

Research Design Randomised controlled Trial 
Aim To test the utility of a pen injector for insulin delivery 
Population Type 1 diabetes 
Intervention Multiple injection regimen, using three times daily human soluble insulin (Actrapid) from a pen injector, injected 5–30 min 

before meals, and a single injection of human ultralente insulin (Ultratard) before bed; 
Comparison Conventional treatment with twice daily syringe injection regimen. 

Outcome Blood glucose control and hypoglycaemic episodes.  
Patient acceptability and satisfaction was measured in patients on the pen injector regimen. 

Characteristics Age (years): pen regimen = 31.1±12.4; controls = 33.3±9.9; Sex (M/F): pen regimen = 17/24; controls = 17/20 
Duration of diabetes (years): pen regimen = 9.7±5.7; controls = 10.4±6.9 
Weight (kg): pen regimen = 75.9±8.0; controls = 65.6±9.6 (p less than0.05) 
Total dose (U/day): pen regimen = 52.0±20.0; controls = 48.9±20.9; GHb (%): pen regimen = 11.3±2.6; controls = 11.1±2.5 

Results  Adverse effects:  
One patient experienced burning sensation at the site of injection with ultralente. This was resolved by changing injection site 
to the abdomen. 
Blood glucose control:  
No significant difference was seen in blood glucose control between the two treatment groups. 

GHb and incidence of hypoglycaemic attacks per patient in the last 8 weeks of the study: 
 Pen regimen Syringe regimen 
GHb (%) 11.2±2.0  10.9±2.0 
Mild hypoglycaemia 0.48 (0–11) 0.47 (0–6) 
Moderate hypoglycaemia 0.80 (0–6) 0.80 (0–4) 
Severe hypoglycaemia 0.00 (0–0) 0.03 (0–1) 

Severe hypoglycaemic episodes over the entire study period: pen regimen = 7; controls = 6 
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No episode of ketoacidosis occurred in the patients receiving the pen regimen.   
Insulin dose 
Actual dose of insulin delivered in the pen injector regimen corresponded to that predicated by the Holman and Turner 
algorithm. 
Patient assessment 
The majority of pen injector treated patients either omitted or altered the timing of snacks or meals. 
Patients expressed a high degree of satisfaction with the pen injector, and the effect this regimen had on their diabetes.  
95% (39/41) pen injector patients expressed a preference for the multiple injection regimen for future management of their 
diabetes 

Hierarchy of Evidence Grading Ib 

Comments All patients moderately well controlled, performed regular home blood glucose monitoring. 
All patients were using a twice-daily regiment of fast and intermediate acting insulin, administered with disposable syringe. 
Patients were randomised centrally in blocks of 6 to ensure an equal proportion of pen and syringe treated patients. 
Following randomisation patients were followed for 20 weeks with regular blood glucose and GHb profiles performed at a 
central laboratory.  
Doses of human ultralente and human soluble insulin were calculated according to the guidelines published by Holman and 
Turner.  
After 6 months patients receiving the pen injector regimen completed a questionnaire designed to assess the acceptability of 
the multiple injection regimen.  
The two groups were matched for age, sex duration of diabetes, total dose of insulin and GHb. 
Patients randomised to MDI with a pen injector were heavier than those on conventional treatment. 
Insulin dosage was usually adjusted by the attending physician, and patients with good understanding of diabetes were 
encouraged to adjust their own insulin dosage.  
Hypoglycaemic episodes classified as: Grade 1 (mild): Mild symptoms before meals not requiring extra carbohydrate.  
Grade 2 (moderate): sweating, dizziness or blurred vision responding rapidly to food.  
Grade 3 (severe): reduction in conscious level requiring assistance from a 2nd person. 
No details given of how this data was collected. 
Patient satisfaction only measured post-hoc and only in the treatment group. 
Patients underwent a 6-week run-in period on twice-daily conventional regimen to optimise control. Patients performed blood 
glucose control profiles at home every 2 weeks. 
During the 20-week follow-up, patients on the pen injector regimen were advised to adjust the size and timing of their meals 
and snacks provided they made appropriate adjustments to insulin doses. It was also noted that on occasion it was possible for 
them to miss a meal altogether, provided the relevant pen injection was also admitted. This advice was only given to patients 
who were considered to have good control, and only in 2/3 participating sites. 
Bias is evident in favour of pen injection because MDI is known to improve glycaemic control, even though it did not appear 
to in this study. Many factors were different between the treatment and control groups, leading to difficulties in proving 
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clinical significance of the results. Authors state that they are investigating the efficacy and acceptability of a pen injector. 
However, it is not only the delivery method that is distinct in this study, the insulin regimens are significantly different. 
Groups were not treated equally throughout the study.  
No blinding of patients or investigators or concealment of allocation, some patients on pen injector regimen received 
additional education from physicians about dose adjustment not given to others in the same group or any members of the 
control group. This is also likely to impact on the outcome of the trial. 
No power analysis given, conclusions drawn do not match study executed. 
The results are difficult to interpret clinically, because of the differences between the treatments being compared. 
Questionnaire is not performed at study outset to gauge baseline satisfaction.  
Questionnaire is not performed in patients receiving the conventional regimen, therefore results are uncontrolled, and the 
validity of this exercise is therefore limited.  
Questionnaire is not validated and no description is given of the development process or any piloting.  
Two aims of this study are:  
To assess the effects of two different insulin regimens on metabolic control 
To assess the benefits and acceptability of one pen injector. 
Details not provided of the number of patients who were advised that they were allowed to alter their diet (and potentially 
miss some meals altogether) provided they altered their insulin regimen accordingly.  
Patient details not separated by site. 
Questionnaire is based on use of the pen injector, however, the authors conclude that the preference stated by patients for 
future management of their diabetes is for multiple injection regimen rather than specifically by pen injector. Insufficient 
distinction is made between these two factors.  
Authors conclude that the majority of patients on the pen injector were highly satisfied with the effect of this regimen on their 
diabetes, however, this regimen neither improved glycaemic control or hypoglycaemic episodes, so this cannot be clinically 
demonstrated in this study. 

Reference / Citation  166 
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Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Canadian Coordinating Office for Health Technology Assessment (CCOHTA) 2001 Inhaled Insulin for the Treatment of 
Diabetes Mellitus. Issues In Emerging Health Technologies 18 

N= Eight recently published open label, randomised controlled trials (six in abstract form only), of three month duration.  
Four studies related to type 1 diabetes 
Canada 

Research Design Systematic review 
Aim A review of a novel form of insulin delivery  
Population People with type 1 and type 2 diabetes 
Intervention Insulin delivered through inhalation into the lungs 
Comparison Conventional treatment 

Outcome Glycaemic control through measures of HbA1c 
Lung function and occurrence of hypoglycaemia (severe, mild, moderate) 

Characteristics Vary between studies 
No reasons given for selection of studies, or quality of studies. Majority of studies considered are unpublished manufacturers 
abstracts and should be treated with caution until full papers and results are published. 
All studies included in this review excluded persons with diabetes who smoke, have asthma or have COPD 

Results  Total combined sample of between 55 and 91 patients treated with inhaled insulin both the safety study (n=20) and the studies 
on efficacy (n=35 and 36) reported that inhaled insulin is comparable to sc. Insulin in terms of glycaemic control with no 
apparent affect on lung function 
The patient satisfaction study considered improvements in a quality of life instrument designed by the authors. Results showed 
greater improvements in quality of life in the inhaled insulin group.  
Adverse effects 
Of four studies that assessed lung function at baseline and at study end, non reported any change in pulmonary function after 
treatment with inhaled insulin.  
Lung function data were reported in one study and values did not differ between the inhaled and sc. groups.  
Reports of severe, moderate or mild hypoglycaemia did not differ between the patients taking insulin via sc. injection and 
those taking insulin via inhalation. 
Insulin delivery via inhalation, as an alternative to administration by injection, is under development. 
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The available evidence comparing subcutaneous (sc) insulin with inhaled insulin for persons with type 1 and type 2 diabetes , 
shows similar glycosylated haemoglobin HbA1c) levels after three months of treatment. 
Clinical trials suggest that insulin delivered by inhalation has a quicker onset of action relative to regular insulin. 
Insulin can thus be taken just prior to a meal rather than the 30 minutes prior to eating as required with s.c. injections of 
regular insulin. 
No changes in pulmonary function were noted in the studies, however data is limited to use for three months. Pulmonary 
thrombosis has subsequently been reported in one patient out of 1000, using Exubera and the Inhale Therapeutic Systems 
device. 

Hierarchy of Evidence Grading Ia 

Comments For delivery by inhalation the drug particle must be small enough to get into the lungs (1-3 mm)3 but large enough not to be 
exhaled. Delivery must ensure that the drug reaches the lungs rather than being deposited in the mouth and throat. 
Two devices are currently being tested on patients with type 1 diabetes: 
A device has been developed that uses compressed air to create a cloud of drug for inhalation and uses the powered form of 
insulin, Exubera. 
A second, hand-held electronic, device is being developed to create an aerosol from liquid insulin.  
Of the four studies relating to type 1 diabetes, one reported on safety and reproducibility, one on patient satisfaction and the 
other two reported on efficacy 
Patients in the inhaled insulin group took insulin 3x daily pre-meal via inhalation, and once daily s.c. at bedtime 
Authors state that health economic data is not yet available for this technology 
It is unclear whether the eighth study included in this review is a complete report of one of the abstracts or a unique study. 
Authors state that: as most of these reports are published only in abstract form, there is very limited information on study 
methodology. Certain important details are not fully reported, such as specific dose, ease of use of the devices of any training 
required. 
Inhaled insulin delivery for patients with respiratory complications and diabetes has not been addressed by any studies to date. 

Trials included  See original article 
Reference / Citation   
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Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Skyler JS, Cefalu WT, Kourides IA, Landschulz WH, Balagtas CC, Cheng S-L, Gelfand R 2001 Efficacy of inhaled human 
insulin in type 1 diabetes mellitus: a randomised proof-of-concept study. The Lancet 357:331–335 

N= 73 :  35 in inhaled group and 37 in s.c. group 
Multi-centre study at 10 centres in the USA 

Research Design Randomised Controlled Trial 
Aim To study the effect of inhaled insulin in people with diabetes  
Population IDDM patients,  

aged 18–55 years; on a stable insulin administration schedule (of ����PRQWKV��RI��–3 injections/day. HbA1c 7.0–11.9%; 
fasting C-peptide concentrations ������QPRO�/��ZHLJKW���–100% of ideal; non-smokers (����PRQWKV���QRUPDO�FKHVW�UDGLRJUDSK��
normal pulmonary-function; normal electrocardiogram with normal sinus rhythm at 50–100 beat/min. Patients were willing to 
monitor blood glucose at home four times a day and comply with study protocol. Patients with peripheral neuropathy, mild 
nephropathy, or retinopathy were not excluded. 

Intervention preprandial inhaled insulin + bedtime s.c. ultralente insulin injection (s.c. human ultralente administered in the thigh or 
buttocks to maximise duration of action) 
inhaled insulin was taken immediately before meals using the dry-powder insulin formulation and aerosol delivery system—
insulin is packaged in individual blisters containing 1 mg or 3 mg of recombinant human insulin in 5 mg of powder composed 
of mannitol, glycine, and sodium citrate. One inhalation of each strength delivers 3 and 9 units of s.c. injected insulin 
respectively 

Comparison usual insulin regimen (2/3 s.c. injections/day) 

Outcome Primary outcome: change in HbA1c  
Secondary outcomes: fasting and postprandial glucose response to a mixed meal, hypoglycaemia frequency and severity, 
pulmonary function and patient satisfaction. Adverse effects were recorded by the investigators. 
HbA1c was measured before randomisation (at weeks –1 and 0) and at weeks 4, 8, and 12, by HPLC. Glucose concentrations 
in plasma and insulin and C-peptide concentrations were measured in a central laboratory. Patients were instructed to check 
blood glucose in the event of hypoglycaemia. They recorded hypoglycaemic episodes on their weekly glucose-monitoring 
worksheets, from which the reported data were tabulated. Pulmonary-function tests were done by a pulmonary function 
laboratory with American Thoracic Society certified methods. At baseline and at the end of the study, patients completed a 15-
item satisfaction questionnaire. Patients indicated their level of agreement with each statement using a 5-point Likert scale 
(strongly disagree to strongly agree). 
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Characteristics Not recorded 
Results  HbA1c concentrations 

Response to treatment during the course of the study did not differ between the two treatment groups.  
Mean baseline values (SD): inhaled insulin = 8.5% (1.1); s.c. insulin = 8.5 (1.1)  
HbA1c at 12 weeks (SD): inhaled insulin = 7.9% (1.0); s.c. insulin = 7.7 (0.9) 
No significant differences were seen between the 12-week change in HbA1c for the inhaled group and the s.c. group (adjusted 
difference = 0.2% (95% CI: –0.2 to 0.5) 
Meal glucose profiles 
These were not significantly different between the two groups baseline or throughout the study. 
Mean daily insulin dose (SD) after 12 weeks treatment 
Inhaled insulin = 12.2 mg (4.9) (equivalent to 36.6 (14.7)U of s.c. insulin) and 24.8 units (9.3) long-acting s.c. insulin  
s.c. insulin = 15.9 U (9.8) short acting insulin and 31.0 (13.2) long-acting insulin 
Hypoglycaemia  
No significant difference was seen in the occurrence or severity of hypoglycaemia between the two groups: 
No of people experiencing mild hypoglycaemia: Inhaled insulin = 33 (94.3%); s.c. insulin = 31 (83.8%) 
No of people experiencing severe hypoglycaemia: inhaled insulin = 5 (14.3%); s.c. insulin = 5 (13.5%) 
No of people episodes of mild hypoglycaemia: inhaled insulin = 550; s.c. insulin = 547 
No of people episodes of severe hypoglycaemia: inhaled insulin = 8; s.c. insulin = 10 
Body weight 
Body weight did not change significantly from baseline in overall satisfaction with inhaled insulin 
 
Pulmonary function: 
Pulmonary function was stable over the study period, results of the pulmonary function tests were not significantly different 
between the two treatment groups. 

 Inhaled insulin (n=35) S.c. insulin (n=37) 

 Mean (SD) baseline 
value 

Change from baseline 
at week 12  

Mean (SD) baseline 
value 

Change from 
baseline at week 12 

Spirometry 

FEV1 (L) 3·58 (0·79) -2·17 (5·23%) 3·37 (0·73%) -1·02 (6·77%)  

FVC (L) 4·43 (1·10) -1·68 (4·77%) 4·27 (0·98%) -1·50 (8·04%) 

FEF25-75% (L/s) 3·60 (0·89) -1·22 (18·11%) 3·26 (0·97%) 2·65 (15·91%)  

PEFR (L/s) 8·08 (2·02) 2·41 (18·00%) 7·87 (2·20%) 1·21 (16·32%) 

Lung volumes (L) 

TLC 5·83 (1·55) 1·35 (8·36%) 5·87 (1·24%) 1·10 (9·49%)  



National Collaborating Centre 
for Chronic Conditions 

 

Page 137 of 168 

RV 1·46 (0·56) 8·65 (37·43%) 1·61 (0·52%) 8·70 (43·62%) 

VC 4·37 (1·13) 0·41 (8·26%) 4·24 (0·92%) 0·41 (8·26%) 

Diffusion capacity 
(mL/min per mm Hg) 

26·50 (7·69) -5·78 (11·43%) 27·17 (7·36%) -7·71 (14·95%)  

Oxygen saturation 
(%) 

97·85 (1·46) -0·30 (1·44%) 97·76 (1·57%) 0·04 (1·46%) 

FVC=forced vital capacity, FEV1=forced expiratory volume in 1 s, FEV25-75%=forced expiratory flow during middle half 
of FVC, PEFR=peak expiratory flow rate, TLC=total lung capacity, FRC=functional residual capacity, RV=residual 
volume, VC=vital capacity. 

 
Satisfaction 
The estimated mean percentage change from baseline in overall satisfaction with inhaled insulin (35%) was greater than with 
s.c. insulin (11%; p = 0.01). In particular, six individual items showed significant evidence (p less than0.05) that inhaled 
insulin resulted in more improvement from baseline than s.c. insulin therapy. 
Specifically, compared with s.c. insulin therapy, inhaled insulin was rated higher with regard to ease of administration, 
comfort, convenience, time with dosing, flexibiili8ty of eating schedule and ease of taking insulin many times a day. Patients 
on s.c. insulin therapy, however, were less self-conscious than those in inhaled insulin about taking insulin away from home.  
82% of patients already on inhaled insulin elected to continue on a long-term extension with inhaled insulin. The most 
common reason for declining to do so involved the rigour of the testing protocol, particularly home glucose monitoring and 
frequency of clinic visits 

Hierarchy of Evidence Grading Ib 

Comments 12 weeks trial 
Physical examinations and laboratory tests were done throughout the study.  
Patients were randomly assigned one of the two treatments using a computer-generated randomisation scheme.  
Randomisation was stratified on the basis of patients HbA1c (greater than8.5% vs. ������ 
Randomisation was stratified according to HbA1c to ensure that similarity at entry between the groups. 
61% of patients were taking insulin injections 3 times before entering the study (generally human soluble insulin before two or 
three meals, and human isophane insulin before breakfast and at bedtime). 
Patients on inhaled insulin were permitted to take additional insulin if home blood-glucose test results were high.  
Baseline characteristics of two groups were similar at the start of the trial 
Participants monitored blood glucose 4 x daily (preceding insulin administration) adjusting insulin doses weekly to achieve 
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preparandial glucose targets of 5.6 –8.9 mmol/L, however, the prescribed frequency of dosing was not changed during the 
course of the study. 
12 week parallel trial consisted of a screening visit, a 4-week baseline lead-in phase and a 12 week randomised treatment 
phase 
In the 4 weeks prior to randomisation, patients met with a dietitan and were asked to maintain a diet containing � 30% fat for 
the duration of the study.  
Instruction was given in diet maintenance and blood glucose monitoring at the study outset. 
At the end of the baseline period, patients were admitted to the hospital or research unit for a 2 day period of instruction and 
dosing experience with preprandial inhaled insulin. 
This feasibility study shows no difference between the two forms of insulin.  
Patients are very rigorously selected and inclusion/exclusion criteria’ s very tight, therefore more studies are needed to validate 
these findings before this result can be deemed clinically important. 
Blinding not possible leading to possibility of bias. 
Authors state that analysis was performed on an intention to treat principle. 
Power analysis calculated that a sample size of 35 per group was required to provide 80% power to ensure that the upper limit 
of the two-sided 95% CI for the difference in change from baseline HbA1c between treatment groups would not exceed 1.0%. 

Reference / Citation   
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Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gerber RA, Cappelleri JC, Kourides IA, Gelfand RA 2001 Treatment satisfaction with inhaled insulin in patients with type 1 
diabetes. Diabetes Care 24:1556–1559 

N= 73: 35 in inhaled group and 37 in s.c. group 
Multi-centre study at 10 centres in the USA 

Research Design Randomised Controlled Trial 
Aim To study the effect of inhaled insulin in people with diabetes  
Population IDDM patients,  

aged 18–55 years; on a stable insulin administration schedule (of ����PRQWKV��RI��–3 injections/day. HbA1c 7.0–11.9%; 
fasting C-peptide concentrations ������QPRO�/��ZHLJKW���–100% of ideal; non-smokers (����PRQWKV���QRUPDO�FKHVW�UDGLRJUDSK��
normal pulmonary-function; normal electrocardiogram with normal sinus rhythm at 50–100 beat/min. Patients were willing to 
monitor blood glucose at home four times a day and comply with study protocol. Patients with peripheral neuropathy, mild 
nephropathy, or retinopathy were not excluded. 

Intervention preprandial inhaled insulin + bedtime s.c. ultralente insulin injection (s.c. human ultralente administered in the thigh or 
buttocks to maximise duration of action) 
inhaled insulin was taken immediately before meals using the dry-powder insulin formulation and aerosol delivery system—
insulin is packaged in individual blisters containing 1 mg or 3 mg of recombinant human insulin in 5 mg of powder composed 
of mannitol, glycine, and sodium citrate. One inhalation of each strength delivers 3 and 9 units of s.c. injected insulin 
respectively 

Comparison usual insulin regimen (2/3 s.c. injections/day) 

Outcome Patient satisfaction measured with a 15-item self administered patient satisfaction with insulin therapy questionnaire 
Patients completed a 15-item self-administered satisfaction questionnaire, The Patient Satisfaction with Insulin Therapy 
(PSIT) Questionnaire, at baseline and week 12. 
The PSIT questionnaire underwent rigorous empirical development, and had an interpretable and rich factor structure. This 
questionnaire measures global (overall) satisfaction and two domains (subscales): convenience/ease of use and social comfort.  
Responses to each item consist of a five-point likert scale ranging from “strongly agree” to “strongly disagree”.  
Patient satisfaction scores for overall satisfaction, convenience/ease of use and social comfort were calculate. Responses to 
each item were analysed so that a higher item score indicated more satisfaction. 
All 15-item scores were summed equally to arrive at the overall satisfaction score (range 15–75) 
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Characteristics Not recorded 
Results  Overall satisfaction 

Mean percentage improvement (as reported in Skyler et al):  mean percentage improvement from baseline in global (overall) 
satisfaction with inhaled insulin (35.1%, 95% CI 18.0–52.2) was considerably greater (P less than 0.01) than with 
subcutaneous insulin (10.6%, 4.7–16.5) .Therefore, inhaled insulin resulted in 24.5% (6.6–42.5) more improvement in overall 
satisfaction than subcutaneous insulin. The mean percentage improvement within each treatment group was statistically 
significant from zero (P less than 0.01). 
Convenience/ease of use 
The mean percentage improvement in convenience/ease of use was substantially greater with inhaled insulin (41.3%, 22.9–
59.6) than with subcutaneous insulin (11.2%, 4.1–18.3; P less than 0.01). Therefore, inhaled insulin resulted in 30.1% (10.7–
49.5) more improvement in convenience/ease of use than subcutaneous insulin. The mean percentage improvement within 

each treatment group was statistically significant from zero (P less than 0.01).  
Social comfort 
The mean percentage improvement in social comfort with inhaled insulin (28.0%, 8.0–47.9) was higher than subcutaneous 

insulin (18.0%, 2.9–33.0) but not statistically significant from it (95% CI -14.6 to 34.6%; P = 0.42). The mean percentage 
improvement within each treatment group was statistically significant from zero (inhaled insulin, P less than 0.01; 
subcutaneous insulin, P = 0.02).  
Preference 
Subjects in the inhaled insulin group gave significantly more agreement than those in the subcutaneous group (Wilcoxon’ s 

rank-sum test; P less than 0.01) on the 5-point Likert scale item "I would like to continue to take insulin the way I took it 

during the study" asked at the end of the study. 
Hierarchy of Evidence Grading Ib 

Comments Questionnaire is self administered 
No details given of patient instruction on completing questionnaire. 
Although development of questionnaire is described as  rigorous, and the development process has been published elsewhere, 
it has not been previously validated and therefore may be biased to answering the specific question set here. 
Also bias due to no mention of blinding of participants and investigators. 
Pearson correlations (r) and analysis of covariance were used to assess the association between overall satisfaction and 12-
week change in HbA1c after controlling for treatment regimen.  
Scores on convenience/ease of use (10 items, range 10–50) and social comfort (5 items, range 5–25) were each used to 
calculate a percentage change with satisfaction from baseline for each subject. Within group percent change was evaluated 
with a student t test. 
No improvement is seen in social comfort, authors conclude that this does not necessarily imply that there is no effect on 
social comfort. A type II error is a possibility. More likely, a larger sample size would have increased the sensitivity to detect 
an effect on social comfort. 
Some improvements in patient satisfaction were also observed in subjects in the s.c. insulin group, even though they continued 
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their usual insulin regimen. This could be due to the involvement in a controlled trial and the benefits of monitoring care (for 
example, clinicians and coordinators attending to subjects at least on a weekly basis.). 
There is also a link between satisfaction and improved glycaemic control. This relationship is expected to be bi-directional, 
and this study was not designed to measure this causal relationship. 
The results of this trial suggest that inhaled insulin regimen is preferred and provides substantially more improvement in 
patient satisfaction than a conventional s.c. insulin regimen.  In patients with Type 1 diabetes, administration of rapid-onset 
inhaled insulin may offer the first practical non-invasive alternative to regular insulin injections. Improved satisfaction may 
increase willingness of patients to initiate and comply with insulin therapy and therefore achieve better glycaemic control. 

Reference / Citation   
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Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Bantle JP, Neal L, Frankamp LM 1993 Effects of the anatomical region used for insulin injections on glycaemic in type 1 
diabetes subjects. Diabetes care 16:1592–1597 

N= 22 
 

Research Design Randomised Controlled Trial 
Aim Hypothesis: s.c. injection of insulin in the abdomen would produce a greater reduction in plasma glucose than injection of the 

same amount of insulin in the thigh 
Population Type 1 diabetic subjects  

 
Intervention Regular insulin injected s.c. in the abdomen on one morning 
Comparison Injection in an anterior thigh on another morning 

Outcome Glycaemic control measured by plasma glucose and serum free insulin 
Patients studied for 2 days on two occasions. Test doses of insulin regular insulin: 0.11–0.29 U/kg of body weight (mean: 0.19 
U/kg)  
Blood samples for measurement of plasma glucose and serum free insulin were obtained immediately before insulin injections 
and after the injections at 1 hour, and then seven subsequent half hourly intervals. All subjects ate breakfast ½ hour following 
injection.  
NPH and regular insulins were given as a single injection. 
Two day testing was repeated on the following two days (3 and 4) and blood samples were taken immediately before and at 1 
hour and ten subsequent half hourly intervals following injection 

Characteristics Sex (M/F): 9/13; Age: 29 years (range: 20–44); Duration of diabetes: 16 years (range: 2–28); Mean HbA1c: 8.5% (range 6.3–
12.7) 

Results  Preinjection, fasting plasma glucose values were comparable between the different groups.  
Injections with regular insulin 
Plasma glucose levels 
After injections of regular insulin in the abdomen, postprandial plasma glucose values were significantly lower at multiple 
time points after injections of regular insulin in the thigh. 
The plasma glucose area after an injection of regular insulin in the abdomen was 20% lower than the plasma glucose area after 
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injections of regular insulin in the thigh (p=0.003) 
Following injections of regular insulin in the abdomen, peak plasma glucose was 18% (3.3 mM) lower (p=0.001) and peak 
increment in plasma glucose was 29% (3.1 mM) lower (p less than0.0010) than following thigh injections 
Serum free insulin 
Mean fasting serum free insulin values were similar at baseline in the two groups 
Postprandial serum free insulin values were significantly higher at the first four time points following injections in the 
abdomen compared to injections administered in the thigh. 
Serum free insulin area was 30% higher after injections in the abdomen compared to those administered in the thigh 
(P=0.005).  
Peak serum free insulin was 28% (58 pM) higher and peak increment in serum free insulin was 38% (54 pM) higher after 
injections in the abdomen compared to those administered in the thigh (P=0.005 and P=0.017, respectively).  
Injections with NPH and regular insulin 
Plasma glucose levels 
Plasma glucose values lower between the 1 hour and 7 hours following abdominal injections, compared with injections in the 
thigh, however, only the difference at 1 hour was statistically significant 
Morning plasma glucose area was 11% lower, morning peak plasma glucose was 12% lower (2.5 pM) and morning peak 
increment in plasma glucose was 18% (2.5 pM) lower after abdomen injections compared to injections administered in the 
thigh (p=0.068, p=0.030 and p=0.008, respectively) 
Afternoon values were not significantly different. 
Serum free insulin 
No significant differences were seen in serum free insulin values at any of the time points after abdominal and thigh injections 
of NPH and regular insulins 

Hierarchy of Evidence Grading Ib 

Comments 21 patients were treated with NPH and regular insulins in combination; 1 treated with NPH insulin alone. 15 patients were 
receiving animal insulin and 7 subjects animal insulins. Number of daily injections: one injection, n=1; two injections, n=13; 
three injections, n=7; four injections, n=1; 17 subjects showed evidence of ����PLFURYDVFXOar complications 
All injections of insulin were given by clinical research centre nurses. Subjects were given an individualised meal plan. 
Subjects experiencing symptomatic hypoglycaemia were treated with 20 g oral glucose. 
No details given of selection of patients 
Length of study only short.  
No power analysis included in study. Authors conclude that the subject sample size of 22 did not provide sufficient power to 
demonstrate difference at the specific time points, with particular reference to the inconclusive results following injections 
with NPH and regular insulin.  
Conclusion: An s.c. injection of regular insulin in the abdomen before a meal produced a more rapid rise in serum free insulin, 
a greater peak serum free insulin value, and a greater attenuation of the postprandial rise in plasma glucose than injection of 
the same dose of insulin in the thigh. Data suggest that premeal doses of regular insulin should be given in the abdomen to 
maximise effectiveness. Also s.c. injection of NPH and regular insulins in the abdomen before breakfast, when compared with 
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injection of the same doses of insulins in the thigh, attenuates the postprandial rise in plasma glucose after breakfast but not 
after lunch.   

Reference / Citation  167 
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Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  De Meijer PHEM, Lutterman JA, van Leir HJJ, van’ t Laar A 1990 The variability of the absorption of s.c. injected insulin: 
effect of injection technique and relation with brittleness. Diabetic Medicine 7:499–505 

N= 26 
The Netherlands 

Research Design Cohort study 
Aim To evaluate the effect of depth of injection 
Population ‘stable’  type 1 diabetes 
Intervention 125I-soluble insulin injected deep subcutaneously at the fat-muscle boundary 

Patients were treated with ����LQVXOLQ�LQMHFWLRQV�GD\�LQ�WKH�XSSHU�OHJ��7KH\�ZHUH�IUHH�RI�OLSRK\SHUWURSK\��UHWLQRSDWK\��
neuropathy or nephropathy except two patients with proteinuria.  
Injection of insulin was with a 1 ml syringe and a 0.5 x 24 mm needle. All injections were given by the same investigator, 
alternately in left and right leg. 

Comparison 125I-soluble insulin injected superficially at a depth of 3 mm beneath the skin surface 

Outcome Absorption rate of insulin measured by the disappearance of radioactivity from the injection site of 125I-labelled human 
neutral soluble insulin 
Radioactivity at the injection site was measured immediately after injection of 8U of insulin at every 30 min for 8 hours.  
In 10 subjects plasma concentrations of free insulin and glucose were measured before and every 30 min after the injection. 
These subjects fasted throughout the study. Plasma glucose concentrations ������PPRO�/�ZHUH�FRUUHFWHG�ZLWK�JRRG��DIWHU�
which glucose and insulin concentrations were not used for calculations.  Subjects only used soluble insulin the day before the 
study instead of their usual regimen. 

Characteristics Sex (M/F): 12/14; Age: 31±10 years; duration of diabetes: 10±4 years; insulin dose: 53±17 U/24h; HbA1c: 10±1% 
Results  Insulin absorption rate 

Residual radioactivity after deep injection was significantly lower at 7 and 8 h after injection (p less than0.05), however, 
curves tested over all time-points did not differ significantly.  
No correlation was found between thickness of s.c. fat and the coefficient variation T50 (time to 50% disappearance from the 
injection site) for either deep or superficial injection. 
Serum free insulin 
Mean values of free insulin were significantly (p=0.02) lower before deep injection than before superficial injection, each 
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value was corrected for its basal value. 
After deep injection a significantly higher (p less than0.05) increase was found at 0.25, 2, 2.5, 4, 4.5 and 5 hours after 
injection. When tested over all time points there was no significant difference for free insulin curves between the two 
techniques (p=0.02). 
Plasma glucose concentrations 
Mean plasma concentrations were not significantly different following injection at any time point throughout the study. 

Hierarchy of Evidence Grading IIa 

Comments All subjects were seated throughout the study (prolonging time of absorption compared to the supine position) 
No details given of selection of subjects 
No explanation given for reason for selection of 10 patients for free insulin and plasma glucose concentrations, or why the 
remaining patients were not selected for this part of the study 
Authors conclude that the difference between deep and superficial s.c. injection is of little clinical significance 

Reference / Citation  168 
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Q 30 What method of insulin delivery aids optimal diabetic control in adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Fleming DR, Jacober Sj, Vandenberg MA, Fitzgerald JT, Grunberger G 1997 The safety of injecting insulin through clothing. 
Diabetes Care 20:244–247 

N= 50 
USA 

Research Design Randomised Controlled Trial 
Aim To assess the safety  
Population Mixed diabetes population 
Intervention Experimental s.c insulin syringe-injection practice through clothing (subjects to inject insulin into either thigh through only 

one layer of fabric). 
Comparison Conventional s.c. insulin syringe-injection practice with skin preparation (subjects instructed to wipe their skin on either thigh 

with alcohol, allow it to dry, and then inject the insulin)  
Outcome Blood glucose control and hypoglycaemic episodes.  

Patient satisfaction was measured in patients on the pen injector regimen. 
All participants received weekly log sheets with both verbal and written instructions to record behaviour and evaluation of 
technique (benefit codes for: saves time, convenient, less noticeable and less awareness and problem codes for: blood, 
bruising, pain and infection) and open-ended comments. 
Skin assessment and complete blood count with differential and glycosylated haemoglobin measurement performed at 10 and 
20 weeks. 
Weekly injection logs collected at end of study, and only reviewed by investigators at this time 

Characteristics Sex M/F: 21/21; Age (range): 41±11 (23–63) years; Caucasian = 86%; African-American = 12%;  
Educational history: School����\HDUV� ����������\HDUV������'XUDWLRQ�RI�GLDEHWHV��UDQJH� ���������–33) years 
Type 1 diabetes = 78%; 1 injection/day = 12%; 2 injections/day = 57%; 3 injections/day = 19%; 4 injections/day = 12% 

Results  84% (42/50) of patients completed the study.  
Demographic characteristics of those who completed the study did not differ from drop-outs.  
Total number of injections through clothing = 7275; number of patient-days = 3339  
 
Log entries 
Logs were not completed according to instructions by all participants. To avoid over-representation of entries from a specific 
phase of the study, logbook entries were analysed for only week 1, 10, 11 and 12 ( the first and last week of each phase) If a 
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benefit or problem was recorded on any given day over this time it received a score of 1 for that day (max benefits/problems 
per day per patient = 4). Average number of benefits per day was determined by dividing the total number of benefits recorded 
by the number of days entries were made.  

Insulin 
injections 

N=29 Number of 
entries/day 

P 

Problems: Injection with skin preparation 0.32±0.33 
 Injection through clothing 0.40±0.37 

0.19 

    
Benefits: Injection with skin preparation 0 
 Injection through clothing 1.34±1.11 

less than0.01 

The average number of recorded problems per technique per day did not differ between the two methods. However, the 
average number of recorded benefits during the experimental method was significantly greater than that during the 
conventional method. 
Patients open-ended comments suggested that they found the injection-through-clothing technique convenient when they were 
away from home, and noted less constraint in rotating injection sites because all sites could be readily accessed through 
clothing as opposed to partial disrobing. Some patients reported difficulty injecting through thick cloth such as denim, while 
others noted small blood stains on clothing, but no difference in either bleeding or bruising was noted between methods. 
 
Blood measurements 
No significant differences were found between the results of patients in the two groups, or within each group at each phase of 
the trial. 

 n Baseline 10 weeks 20 weeks P value 
WBC      
A 24 6.30±1.91 6.40±2.09 6.07±1.82 
B 14 6.81±2.90 6.74±3.20 7.09±2.98 

0.30 

GHb       
A 24 10.73±2.04 10.94±2.45 10.61±2.43 
B 15 10.79±2.54 11.39±2.86 10.73±2.87 

0.63 

 
Skin assessment: 
No reports were made of adverse skin reactions throughout the study period and no enrolled subject experience or 
demonstrated on physical examination any erythema, induration, abscess or rash of the thighs. 

Hierarchy of Evidence Grading Ib 

Comments Patients were enrolled over a 12 month period (1994–1995) 
Participants randomised into one of two treatment groups: 
Group A: injected insulin through clothing for 10 weeks followed by the 10 weeks of the conventional technique. 
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Group B: injected insulin by the conventional technique for first 10 weeks followed by the experimental technique for 10 
weeks. 
Patients were instructed only to inject into the thigh. 
Individuals on MDI were instructed to administer ����LQMHFWLRQ�SHU�GD\�WKURXJK�FORWKLQJ�GXULQJ�WKH�H[SHULPHQWDO�SKDVH�DQG�
had the option of injecting more or all of their injections through their clothing.  
Participants were not given any specific instructions regarding rotation of injection sites, other than limiting the sites to the 
thighs. 
All subjects were educated regarding the signs and symptoms of infection and were told to inspect thighs daily and notify 
investigators immediately if infection was suspected. 
All participants were re-instructed on injection techniques and reminded to record injections in the daily logs at time of cross-
over of technique (10 weeks). 
No details of randomisation procedure or concealment of allocation provided.  
Blinding procedures are not discussed.  
Patients are unaccounted for. Authors report 42 patients completing the study, however, lab results are only available for 39 
patients and log results for 29 subjects.  
Conclusion: insulin injection through clothing is safe and convenient. 
Authors also state: The technique of injecting through clothing probably adds little risk beyond omitting alcohol-swabbed skin 
preparation. Suggesting that they do not know what question they are trying to answer, because this is the factor they have 
used as their control 

Reference / Citation  169 
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Q31 In adults with Type 1 diabetes and poorly controlled blood glucose what methods of insulin delivery can improve diabetic control? 
 

Author / Title / Reference / Yr  DeVries, J. H., Snoek, F. J., Kostense, P. J., Masurel, N., Heine, R. J., & Dutch Insulin Pump Study Group 2002, "A 
randomized trial of continuous subcutaneous insulin infusion and intensive injection therapy in type 1 diabetes for patients 
with long-standing poor glycemic control.[comment]", Diabetes Care., vol. 25, no. 11, pp. 2074-2080. 

N= n=79, insulin pump =39, injections =40 
The Netherlands 
11 sites 

Research Design Randomised controlled trial  
Aim To assess the efficacy of continuous subcutaneous insulin infusion in improving glycaemic control and health-related quality 

of life in type 1 diabetic patients with long-standing poor glycaemic control 
Operational Definition Persistent poor control while on three or more insulin injections a day (defined as a mean of all HbA1c values measured 

greater than8.5% in the last 6 months before the trial).  
Population Type 1 diabetes 
Intervention All patients were advised to note at least two blood glucose self- measurements per day in a dosage adjustment 

recommendations were derived from an algorithm based on nine-point home blood glucose profiles in the treatment period. In 
those randomised to continuous subcutaneous insulin infusion, education was given on pump usage. The starting dose was 
90% of the previously used total insulin dose per day 

Comparison Compared with injection therapy, where 80% of the previously given pre- meal human insulin dose was given as insulin 
aspart as a continuous therapy. 

Outcome Subjects were seen at 2, 4, 8, 12, and 16 weeks after randomisation. Change in HbA1c in both from baseline to 12 and 16 
weeks was evaluated and the  effects of these modes of treatment on health-related quality of life was assessed 
Change in HbA1c from baseline to 12 and 16 weeks was assessed by blood was samples at these three time points. HbA1c 
values were assessed using an ion-exchange high-performance liquid chromatography. Number of hypoglycaemias were 
recorded classified as mild hypoglycaemia defined as a value less than3.9 mmol/1 at SMBG in the last 3 weeks of the study 
confirmed in the meter read outs. Severe hypoglycaemia was defined by a requirement of third-party help. Changes in 
dimensions of the quality of life measures were tested by the 36-Item Short-Form survey (SF-36) which has been previously 
validated, and by the Diabetes Treatment Satisfaction Questionnaire 

Characteristics Age =37yrs, Male =54%, Duration of diabetes =18yrs, HbA1c =9.26%, Type 1 diabetes =100% 
Results  Change in HbA1c in the insulin pump group was significantly greater than in the insulin injection group: -0.91 ± 1.28 vs. -

0.07 ± 0.70%, (p = 0.002) difference 0.84% (95% CI -1.31 to -0.36). 
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The mean glucose value in 34 hour glucose profiles showed no significant differences between he groups 
Mild hypoglycaemic episodes increased in the insulin pump group as compared with the injection group: 0.98 ± 2.02 vs. -0.02 
± 1.18 episodes per patient week (p= 0.028)  difference 0.99 (95% CI 0.11 to 1.87) episodes per patient week.  
The number of patients suffering severe hypo- glycaemic episodes was similar in both groups 
Change in weight was similar in both groups 
Insulin requirements de- ten; creased in the insulin pump group and remained stable in the injection group: -15.8 ± 15.06 vs. 
2.9 ± 17.01 units/day, (p less than 0.001) 
The scores on the general health and mental health subscales of the SF-36 improved more in the insulin pump treatment 
group, as compared with the injection therapy group; +5.9 versus -1.2 (p= 0.048) and +5.2 vs. -0.6 (p= 0.050), respectively. 
The overall score was not stated and may not be significantly changed by treatment type 
There were no significant differences in treatment satisfaction scores between the two groups 

Hierarchy of Evidence Grading Ib 
Comments High and uneven drop out for a short term outcome assessment, if those who withdrew from the pump arm were gaining less 

benefits then an overestimation of effect would be found without intention to treat analysis 
No additional therapy was provided to either group however the infusion pump group were provided with protocoled 
education on usage of equipment.  However the general education given to both groups in the 14 week run in period produced 
stable HbA1c before randomisation. 
Initially trial was designed as a crossover trial but attrition in the second phase necessitated an analysis of first phase as a 
parallel group trial 
14 week run-in phase to exclude patients not able to comply with the demands of a good clinical practice trial, especially in 
terms of a minimum frequency of self-monitoring of blood glucose 
Insulin pump therapy is not a panacea for all patients in poor glycaemic control. Only those with a readiness to change can be 
expected to benefit.  
The discomfort of always having to wear the pump and the increased rate of mild hypoglycaemia apparently were 
counterbalanced by the achieved improvement in glycaemic control in these patients with long-standing poor control 

Reference / Citation  156 
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7.5 Hypoglycaemia 
 

 
 

Question 71: What is the most appropriate medical intervention for adults with type 1 diabetes with severe hypoglycaemia? 
 

Author / Title / Reference / Yr  Patrick AW, Collier A, Hepburn DA, Steedman DJ, Clarke BF, Robertson C 1990 Comparison of intramuscular glucagon and 
intravenous dextrose in the treatment of hypoglycaemic coma in accident and emergency department. Archives of Emergency 
Medicine 7:73-77 

N= 29 insulin treated diabetic people presenting consecutively  to the Accident and Emergency department 
Scotland 

Research Design Randomised Controlled Trial 
Aim To compare intramuscular glucagon and intravenous dextrose in the treatment of hypoglycaemic coma in an accident and 

emergency department 
Population People had hypoglycaemia diagnosed on a capillary blood specimen with a Reflolux II Meter 
Intervention N=15 Intramuscular glucagon (1 mg i.m.)  

 
Comparison N=14  Intravenous dextrose (50 ml 50% i.v.)   

Outcome Restoration of normal conscious level and average duration of hypoglycaemic coma 
Characteristics Mean age: 47/48 years in glucagon/dextrose treated group respectively 
Results  Initial plasma glucose, glycated haemoglobin and estimated duration of coma were not significantly different prior to 

treatment. 
Average duration of coma: 120 min (range 60-240 min) in glucagon treated people, and 120 min (range 20-480 min) in 
dextrose treated people 
Significantly slower recovery to normal conscious levels was seen in the glucagon-treated group compared to the dextrose 
treated group: 9 min (range 5-30 min) vs. 3 min (range 2-15 min) respectively; p less than0.01 
Two glucagons treated people required administration of additional i.v. dextrose after failure to show signs of clinical recovery 
within 15 min of treatment.  
No correlation was seen between time taken to recovery of consciousness and either initial plasma glucose concentration or 
duration of hypoglycaemia 
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All but one patient in each group reported either partial or total loss of awareness of the onset of hypoglycaemia.   
Hierarchy of Evidence Grading 1b 
Comments People randomly allocated to treatment  

Drugs administered to right thigh 
Venous blood withdrawn prior to treatment. Measurements taken for plasma glucose, alcohol and glycated haemoglobin. 
Additional samples taken at 5, 10, 15 and 30 min after initiation of treatment for plasma glucose estimation 
Time taken to recovery of normal conscious level noted, additional 12.5 g of dextrose i.v. administered in absence of recovery 
after 15 mins 
Duration of hypoglycaemia prior to treatment established by retrospective questioning of relatives or family.  
Precipitating causes and details of insulin and other drug therapy, as well as possible precipitating causes or preceding loss of 
awareness of the onset of hypoglycaemia were also obtained from families and friends 
No participants were receiving treatment with beta blockers or other drugs which might alter hypoglycaemic awareness of 
affect the counter regulatory response. 
Precipitating factors of hypoglycaemia unknown, three people had detectable levels of alcohol in their plasma, maximum level 
recorded = 3 mmol/L 
Regular treatment of participants: twice daily mixture of soluble, and isophane or lente insulins (n=19), or once daily lente or 
protamine zinc insulins, either with or without additional soluble insulin before breakfast (n=10) 
Experimental protocol not described in detail, leading to possible bias, no details of blinding outlined 
No clinical definition of outcome: ‘normal conscious levels’  not defined 
No details of statistical methods 
Duration of coma, precipitating factors, and other therapy collected retrospectively, possible recollection bias. Only rough 
estimation of coma duration was possible in several cases. 

Reference / Citation 172 
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Question 71: What is the most appropriate medical intervention for adults with type 1 diabetes with severe hypoglycaemia? 
 

Author / Title / Reference / Yr  Collier A, Steedman DJ, Patrick AW, Nimmo GR, Matthews SM, Macintyre CA, Little K, Clarke B 1987 Comparison of 
intravenous glucagon and dextrose in treatment of severe hypoglycaemia in an accident and emergency department. Diabetes 
Care 712-715 

N= 49 consecutive insulin treated diabetic subjects with hypoglycaemic coma referred to the accident and emergency department 
Scotland 

Research Design Randomised Controlled Trial 
Aim To compare intravenous glucagon and dextrose in treatment of severe hypoglycaemia in an accident and emergency 

department 
Population People referred to the accident emergency department for hypoglycaemic coma 
Intervention n=25  i.v. glucagon (1 mg) 

Comparison n=24 50 ml 50% dextrose (25g) 

Outcome Time taken to return to a normal level of consciousness, adverse effects during treatment. 
Characteristics Mean age: glucagon group = 39.4±17.1; dextrose group = 40.2±14.2 years 

Duration of diabetes: glucagon group = 14.0 (4-47.2); dextrose group = 13.0 (2-32.0) 
Results  People in the two groups were comparable in terms of initial blood glucose, prevailing glycaemic control, age, duration of 

diabetes and duration of hypoglycaemia (1.3 (range 0.3-4.0) vs. 1.5 (0.3-9.0) h) 
A significant difference was seen in the subsequent glycaemic profiles between the two treatment groups (no raw data 
provided) 
Time to regain normal consciousness 
The glucagon treated group was slower to achieve normal conscious level compared to the dextrose treated people. Median 
time: 6.5 min (range 2–16 min) vs. 4 min (range 1-15 min), respectively (p less than0.001) 
All people returned to a normal level of consciousness within 30 min of admission. 
Plasma glucose levels at admission of duration or hypoglycaemia did not correlate with the time to recovery of normal 
consciousness in either groups of people. 
Side effects 
Eight people in the glucagon group vomited compared with 9 in the dextrose group  
Thirteen people in the glucagon group reported headaches on return to normal consciousness compared with 12 in the dextrose 
group. 
Other factors 
Two people in both groups required additional administration of (12.5 g i.v.) dextrose 
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Precipitating factors for hypoglycaemia were difficult to elicit: no obvious cause was found in 30% of people, 12 people 
reported missing a meal, 10 were considered to have an irresponsible attitude toward diabetes control, three people had blood 
alcohol levels greater than100 mg/dL and 1 patient became hypoglycaemic due to marked fluctuations in insulin requirements 
due to pregnancy. 
One patient received s.c. glucagon administration prior to admission (plasma glucose on arrival was 56 mg/dL compared to 
mean 18 mg/dL across the groups and consciousness level was a borderline grade 3) 

Hierarchy of Evidence Grading 1b 
Comments Consciousness assessed and graded as: 0: normal orientation in time and place; 1: drowsy; 2: maximal response to minimal 

stimuli; 3: minimal response to maximal stimuli; and 4: unresponsive to painful stimuli 
People randomly allocated to emergency treatment 
Blood was taken for plasma glucose estimation at 5, 10, 15 and 30 min 
Return to consciousness was evaluated by the same observer in all participants 
Additional i.v. dextrose (12.5 g) was administered to people failing to achieve grade 3 consciousness at 15 and 30 min 
Following recovery from hypoglycaemia, all people were questioned about headache symptoms and it was noted whether they 
had vomited after administration of treatment. 
Details of age, duration of diabetes, insulin dosage, most likely precipitating cause of hypoglycaemia and estimation of 
duration of the hypoglycaemic episode were established through questionnaires completed by participants or family and 
friends  
Patients reported the usual cause of hypoglycaemia, and any steps taken to try to abort the episode 
One patient with Addison’ s disease was excluded from the statistical analysis 
No power analysis given at outset, no details given of why the participants were selected to take part in this study 
No details are provided of any blinding of this study 
Authors state that significant differences were seem in glycaemic profiles between the two groups following treatment, 
although no raw data are provided for this.  
Length of hypoglycaemic episode and precipitating factors are retrospectively collected from participants and present friends 
and relatives following return to consciousness, leading to possible recall bias. 
Exclusion criteria prior to inclusion in the study are not explicit. One patient who entered the study was pregnant one had 
received prior s.c. glucagon administration leading to exceptionally high plasma glucose levels at admission compared to the 
mean. No details are given of the treatment regimen received by these people. Due to the small sample size the results of these 
people may affect the outcome of the study. 
One patient with Addison’ s disease was excluded from the statistical analysis of this study 

Reference / Citation 173 
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Q 28 what specific advice can be given to adults with Type 1 diabetes for the management and prevention of hypoglycaemia? 
 

Author / Title / Reference / Yr  Yale JF, Begg I, Gerstein H, Houlden R, Jones H, Maheux P, Pacaud D 2001 Canadian diabetes association clinical practice 
guidelines for the prevention and management of hypoglycaemia in diabetes. Canadian Journal of Diabetes 26:22–35 

N= 47 studies of various design in people with type 1 diabetes 
Research Design Systematic review - Guidelines 
Aim To determine practical management options to reduce the effect of hypoglycaemia 
Population Type 1 diabetes 
Intervention Management and prevention of hypoglycaemia by various interventions 
Comparison Varied between studies 

Outcome Correction or reduction in frequency of hypoglycaemia  
Characteristics Varied between studies 
Results  Hypoglycaemia occurs on average in people with type 1 diabetes at a frequency of approximately 2 episodes per week.  

Hypoglycaemia and insulin therapy 
Intensive vs. conventional insulin therapy 
Hypoglycaemia is the most common effect of intensive insulin therapy in type 1 diabetes. Some studies have reported an increase in 
severe hypoglycaemia, although this is not universal 
Rapid-acting insulin analogues vs. human regular insulin 
Studies have found no differences in onset, magnitude and temporal pattern of the physiological, symptomatic and counter-
regulatory hormonal responses to acute hypoglycaemia induced by regular human insulin compared with the rapid acting insulin 
analogues 
Animal vs. human insulin 
A number of studies have suggested no significant clinical difference in the symptomatic response to or in the frequency of 
hypoglycaemia between animal and human insulin. 
Lifestyle factors 
Studies suggest self-management behaviours, less food, more insulin and more activity are associated with 85% of hypoglycaemic 
episodes.  
Food and snacks 
Patients on fixed-dose insulin regimens should have an individualised meal and activity plan developed, that the person can and 
will follow.  
Patients should be taught how to make adjustments to insulin dosage, diet and physical activity in response to blood glucose levels  
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Bedtime snack may be needed to avoid nocturnal hypoglycaemia. One study showed that the addition of protein to carbohydrate at 
bedtime has not demonstrated a reduction in hypoglycaemia.  
Prepared snack bars with cornstarch have demonstrated some effectiveness in reducing overnight hypoglycaemia  
High protein content (vs. high fat content) of an evening meal has also demonstrated some protection against nocturnal 
hypoglycaemia 
Exercise 
Low-to moderate-intensity exercise lowers glucose levels during and after activity, increasing the risk of a hypoglycaemic episode. 
This effect can be altered by modifying diet, insulin and type and timing of the exercise.  
Self monitoring of glucose level before during and after exercise is important for establishing the patient’ s response to exercise and 
guideline the appropriate management of exercise.  
Hypoglycaemia unawareness and glucose counter regulation 
Major risk factors for severe hypoglycaemia are: prior episode of severe hypoglycaemia, HbA1c less than6%, hypoglycaemia 
unawareness, long duration of diabetes and autonomic neuropathy 
Severe hypoglycaemic episodes occur mainly at night, or in the absence of awareness that makes patients alert to correct their 
glucose levels 
Following the first few years of diagnosis when glucagon responses to hypoglycaemia are lost, patients depend on sympathodrenal 
responses for glucose counter regulation and hypoglycaemia awareness. 
Autonomic neuropathy has been shown to be an independent risk factor for severe hypoglycaemia, and further reduces epinephrine 
and norepinephrine responses to hypoglycaemia.  
The incidence of prior hypoglycaemic episodes is a crucial factor leading to hypoglycaemia unawareness due to a worsening in the 
defect of the hormonal responses to hypoglycaemia, leading to a reduction in the self-detection of hypoglycaemia.  
Strict avoidance of hypoglycaemia from 2 days to 3 months has been associated with an improvement in the recognition of severe 
hypoglycaemia in the counter regulatory hormone responses, or both 
Blood glucose awareness training (BGAT) may have a positive effect on increasing accurate detection and treatment of 
hypoglycaemia. The BGAT programme involves instruction in interpretation of physical symptoms, performance cues and moods 
and feelings as internal cues to blood glucose awareness; it also involves instruction on food, exercise, insulin dosage and action, 
time of day, and last blood glucose reading as external cues to estimate blood glucose level. BGAT allowed reduced-awareness 
subjects (with some, but not many, hypoglycaemic symptoms) to detect a greater percentage of blood glucose levels less than3.9 
mmol/l (35–45%, p=0.006) 
Ingestion of caffeine increases the sympathoadrenal and symptomatic responses during moderate hypoglycaemia. However, there is 
no data on the impact of caffeine consumption on the frequency of severe hypoglycaemic episodes. 
Long-term complications of severe hypoglycaemia 
The potential long-term complications of severe hypoglycaemia are mild intellectual impairment and permanent neurologic 
sequelae such as haemiparesis and pontine dysfunction. The latter are rare and reported only in case studies. 
available prospective studies did not find an association between intensive diabetes management and cognitive function. Since 
intensive management is linked with more frequent severe hypoglycaemia, it is extrapolated that, similarly, severe hypoglycaemia 
is not linked with a decrease in cognitive function. However, the time interval studied was relatively short (5 years) 
However, retrospective studies suggested a link with frequent severe hypoglycaemia (5 or more episodes) and a decrease in 
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intellectual performance. People with diabetes with a history of severe hypoglycaemia, when compared to matched subjects with 
diabetes without severe hypoglycaemia and patients without diabetes, were found to perform more poorly in a number of 
intellectual tests: immediate memory and finger tapping , word recall test and verbal fluency , performance IQ , Weschler 
Performance test and Trail Making Test. In some studies, a correlation was found between the frequency of severe hypoglycaemic 
reactions and the performance IQ. 
Treatment for hypoglycaemia 
Little evidence is available to support the widely recommended treatment for acute hypoglycaemia as 10g of a variety of 
carbohydrates.  
More recent evidence suggests that 15g of glucose (monosaccharide) is required to produce a rise in blood glucose of 
approximately 2.1 mmol/l within 20 minutes, with adequate symptom relief for most people. 
A 20g oral glucose dose will produce a blood glucose increment of approximately 3.6 mmol/L at 45 minutes.  
Other treatments such as milk and orange juice are slower to raise blood glucose levels and provide symptom relief 
Glucose gel is a slower treatment (less than1mmol/l rise at 20 mins) and therefore needs swallowing to have a significant effect 
No evidence is available for the buccal administration of glucose gel as absorption through the mucosa is minimal, if any 
Patients taking alpha-glucosidase inhibitors should use glucose (dextrose) tablets, or if unavailable, milk or honey to treat 
hypoglycaemia. 
 
Physical Training and Exercise 
In anyone treated with insulin, recommendations regarding alterations of diet, insulin regimen, injection sites and self-monitoring 
should be appropriate for the general level of physical activity or specific types of exercise undertaken. Oral agent doses may need 
to be decreased. [Grade D, consensus] 
Self-monitoring of glucose level before, during and especially for many hours after exercise, is important for establishing the 
patient’ s response to exercise and guiding the appropriate management of exercise. [Grade D, consensus]  
General advice regarding physical activity include: 
For those on insulin or insulin secretagogues, ingest rapidly absorbed carbohydrate if pre-exercise glucose level is under 5 mmol/L. 
For those on insulin injections, administer insulin into a site away from the most actively exercising extremities. [Grade D, 
consensus] 
 
Insulin Use in Type 1 Diabetes 
All patients currently on or starting intensive insulin programs should be counselled about the risk and prevention of 
hypoglycaemia. They should be advised to perform frequent blood glucose monitoring and receive appropriate instruction on how 
to make adjustments in insulin dosage, diet and physical activity in response to blood glucose levels. The diabetes health care team 
should review the patient’ s experience with hypoglycaemia at each visit. This should include an estimate of cause, frequency, 
symptoms, and recognition, severity and treatment. [Grade D, consensus] 
To reduce the risk of symptomatic nocturnal hypoglycaemia, patients should periodically monitor overnight blood glucose levels at 
a time that corresponds with the peak action time of their overnight insulin and consume a bedtime snack with at least 15 g 
carbohydrate and protein if the bedtime blood glucose level is under 7 mmol/L. [Grade D, consensus] 
Regular or a rapid-acting insulin analogue, or both, can be used before meals in intensified therapy (multiple daily injections and 
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CSII). Lispro has been associated with lower post-prandial glucose levels and lower rates of hypoglycaemia than regular insulin. 
[Grade A, Level 1] 
Aspart insulin has been associated with lower rates of hypoglycaemia compared to human regular insulin. [Grade B, Level 2] 
 
Patients experiencing frequent hypoglycaemic episodes on regular insulin should be tried on a fast-acting insulin analogue. [Grade 
D ,consensus]  
Lispro is the preferred insulin for use in CSII. [Grade B ,Level 2] 
Substituting a rapid-acting insulin analogue for human regular insulin at suppertime may prevent the delayed night time effect of 
regular insulin and reduce the risk of nocturnal hypoglycaemia (45-48).Administering basal insulin at bedtime rather than at 
suppertime, or instituting CSII, may also reduce the risk of nocturnal hypoglycaemia. [Grade D, consensus] 
Risk factors for severe hypoglycaemia should be identified in people with type 1 diabetes so that appropriate strategies can be used 
to prevent hypoglycaemia. (Grade A). Established risk factors include a history of previous severe hypoglycaemic event [Level 1], 
a greater reduction in HbA1c [Level 1] and recurrent previous hypoglycaemic reactions [Level 1]  
The patients at high risk should be informed of their risk, counselled along with their significant others on avoidance and treatment 
(including glucagon), and if necessary have their insulin regimen adjusted appropriately to avoid these events. [Grade D, 
consensus] 
During insulin therapy of type 1 diabetes, the frequency of mild hypoglycaemic episodes should be minimized, particularly in those 
at high risk, in an attempt to reduce the development of hypoglycaemia unawareness. [Grade D, consensus] 
In individuals with hypoglycaemia unawareness, the following strategies should be implemented to reduce the risk of 
hypoglycaemia, the risk of hypoglycaemia unawareness, and to increase physiologic counter-regulatory responses to 
hypoglycaemia: 
increased frequency of glucose monitoring, increase in the glucose targets, and multiple insulin injections with increased glucose 
targets [Grade D ,level 4] 
Patients switching from animal to human insulin do not require counselling about any change in frequency or perception of 
hypoglycaemia. [Grade A, Level 1] 
In hospitalised patients, efforts must be made to ensure that patients on insulin have ready access to an appropriate form of glucose 
at all times, particularly when NPO or during diagnostic procedures. [Grade D] 
 
Treatment of hypoglycaemia  
Mild to moderate hypoglycaemia should be treated by the oral ingestion of 15 g of carbohydrate, preferably as glucose or sucrose 
tablets or solution or hydrolysed polysaccharide. These are preferable to orange juice and glucose gels [Grade B, level 2]. Patients 
should be encouraged to wait 15 minutes, retest blood glucose and retreat with another 15 g of glucose if the blood glucose remains 
less than 4.0 mmol/L. [Grade D, consensus] 
Severe hypoglycaemia in a conscious person should be treated by the oral ingestion of 20 g of carbohydrate, preferably as glucose 
tablets or equivalent. Patients should be encouraged to wait 15 minutes, retest blood glucose and retreat with another 15 g glucose if 
it remains less than 4.0 mmol/L. [Grade D, consensus] 
To prevent repeated hypoglycaemia, the person should have in addition to the fast-acting treatment above, once the hypoglycaemia 
has been reversed, their usual meal or snack. A snack (including 15 g of carbohydrate and a protein source) is recommended if a 
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meal is more than 1 hour away and in the absence of complicating factors. [Grade D, consensus] 
All patients currently on or starting therapy with insulin or insulin secretagogues should be counselled about the recognition and 
prevention of drug-induced hypoglycaemia. [Grade D, consensus] 

Hierarchy of Evidence Grading Ia (various) 

Comments An Expert committee was established including healthcare professionals from diabetologists to dietitians, and methodologists from 
Canada.  
The methodologists then evaluated the literature and developed recommendations on the key areas, assigning levels of evidence to 
the relevant citations and making grading recommendations based on the validated methods. This evidence was then summarised in 
a series of documents for the Expert committee. 
All recommendations reviewed by 3 methodologists not directly involved in initial assessment of evidence and grading of 
recommendations.  
Recommendations are an update of the Canadian medical association 1998 clinical guidelines for the management of diabetes. 
Hypoglycaemic symptoms (% frequency): 

Neurogenic (Autonomic) Neuroglycopenic 

Trembling (32–78%) Difficulty concentrating (31–75%) 
Palpitations (8–62%) Confusion (13–53%) 
Sweating (47–84%) Weakness (28–71%) 
Anxiety (10–44%) Drowsiness (16–33%) 
Hunger (39–49%) Vision changes (24–60%) 
Nausea (5–20%) Difficulty speaking (7–41%) 
Tingling (10–39%) Headache (24–36%) 
 Dizziness (11–41%) 
 Tiredness (38–46%) 

 
No details given of search strategy employed by stakeholders, or even if a systematic search was employed. 
No indication given as to whether papers were rejected due to poor quality 
Details not provided for magnitude of effect in each study, or population size. 

Trials included  See original study 
Reference / Citation  98 
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Q28 What specific advice can be given to adults with Type 1 diabetes for the management and prevention of hypoglycaemia? 
 

Author / Title / Reference / Yr  Broers, S., Van Vliet, K. P., Everaerd, W., Le Cessie, S., &  Radder, J. K. 2002, "Modest contribution of psychosocial variables to 
hypoglycaemic awareness in Type 1 diabetes", Journal of Psychosomatic Research, vol. 52, no. 2, pp. 97-106. 

N= n=123 
Holland 

Research Design Case control study 
Aim A study to assess relationships between hypoglycaemic awareness and diabetes-related, psychosocial and demographic 

characteristics 
Population Type 1 diabetes 
Intervention The study assesses the contribution of a range of demographic, diabetes related, and psychological characteristics to hypoglycaemic 

awareness. Over a 4 to 6 week period. The parameters include Negative affectivity, Somatic awareness, Bustle and variety of the 
daily life, and degree each of 20 symptoms; as assessed by questionnaire. Sensitivity and specificity of the symptom beliefs in 
terms of the degree of agreement between ‘actual’  and ‘believed’  hypoglycaemic symptoms were made for every patient by the use 
of measured blood glucose values from the handheld computer with data dichotomised to Hypoglycaemia (less than3.9 mmol/l) 
versus no hypoglycaemia (greater than3.9 mmol/l),  

Comparison Comparison of different scores in the same parameters 
Outcome Hypoglycaemic awareness. The percentage of recognised hypoglycaemic episodes (% RH) was defined as the percentage of 

measured blood glucose values less than 3.9 mmol/l that was accompanied by an estimation less than3.9 mmol/l, or by an 
estimation within 20% of the measured value, for each of the test occurrences 

Characteristics Age =42yrs, Male =55%, Duration of diabetes =21.4 yrs, HbA1c= 7.5% 
Results  Univariate analysis 

A moderate but significant positive correlation (r=.52, p=.000) between hypoglycaemic awareness and the number of actual 
hypoglycaemic symptoms (see was observed. 
The four symptoms that were actually related to hypoglycaemia for the most patients were: trembling (41.1%), problems with 
coordination (34.7%), difficulty concentrating (33.7%) and dizziness (32.6%). The four symptoms that were believed to be 
hypoglycaemic symptoms by the most patients were: difficulty concentrating (69.5%), sweating (54.7%), confusion (51.6%) and 
irritability (43.2%).  
Of the diabetes-related variables, disease duration (r= -.25, p=0.01) and antecedent hypoglycaemia (r=-.20, p=0.05) were both 
negatively associated to the % RH. 
Multivariate regression 
Hypoglycaemic awareness was predicted by the duration of the diabetes B=-0.79 (SE= 0.37)(p=0.04), the use of CSII versus insulin 
injections B= 24.7 (SE= 11.9) (p=0.04), and the sensitivity of the symptom beliefs (B=0.21 (SE =0.11) (p=0.07). 
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Only 17% of the variance in hypoglycaemic awareness was explained by the model 
Hierarchy of Evidence Grading IIa 
Comments The indication that those who withdrew from the study had a higher HbA1c level than those participating suggests that people in 

the study already had good glycaemic control and may be less prone to hypoglycaemia with the outcomes thus being diminished. 
The measure of assessment of psychological characteristics was not validated and could have had unknown effects on the results. 
Only 65 people were included in final multivariate model with data available for all parameters 
People who used an insulin pump recognised hypoglycaemia more often than those who used insulin injections. 
Possibly, the single questions used were too crude to assess the underlying concepts, and a validated questionnaire would have led 
to other results.  
People may become more sensitive to physical sensations when they regularly take time to ‘listen’  to their body, and may learn 
which symptoms represent hypoglycaemia by the keeping of a ‘symptom diary.’   
Only a small proportion of the variance in hypoglycaemic awareness was explained in the present study. It seems likely that other 
variables, which have not been measured, play a role in hypoglycaemic awareness. 

Reference / Citation  
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Q 28 What specific advice can be given to adults with Type 1 diabetes for the management and prevention of hypoglycaemia? 
 

Author / Title / Reference / Yr  Kingsley BT, Weinger K, Bajaj M, Levy CJ, Simonson DC, Quigley M, Cox DJ, Jacobson AM 1999 Blood glucose awareness 
training and epinephrine responses to hypoglycaemia during intensive treatment in Type 1 diabetes. Diabetes Care 7:1022–1028 

N= N=47 
USA 

Research Design Randomised controlled trial  
Aim A study to assess the effectiveness of blood glucose awareness training to reduce incidence of Hypoglycaemia 
Population Type 1 diabetes 
Intervention 8 session group education programme in Blood glucose awareness training (BGAT) (using the revised BGAT-3 version involving 

instruction in interpretation of physical symptoms, performance cues and moods, and feelings as internal cues to blood glucose 
awareness, also including instruction on food, exercise, insulin dosage and action, time of day and last blood glucose reading as 
external cues to estimate blood glucose level.) 

Comparison An equivalent number and duration of sessions in cholesterol education (control) 

Outcome Glycaemic control measured by HbA1c and hypoglycaemia frequency 
Characteristics Sex (M/F): 23/24; Age: 34±8 years; Duration of diabetes: 9.0±3 (range 3–15) years; HbA1c 9.0±1.2% 
Results  Glycaemic control and hypoglycaemia frequency 

During 4 months IDT, glycaemic control measured by HbA1c improved in BGAT and control groups. HbA1c fell from 9.1±1.4 to 
7.9±1.1% (p less than0.001) in the BGAT group 9.0±1.1 to 7.8±8.0% (p less than0.001) in the controls. No significant difference 
was seen between the two groups 
Hypoglycaemia frequency measured by the daily number of readings less than3.9 mmol/L increased in both groups from 0.45±0.06 
to 0.69±0.07 episodes per day in the BGAT group (p less than0.001) and 0.05±0.08 to 0.68±0.06 episodes in controls (p less 
than0.05). Differences between the groups were not significant. 
No differences were recorded in the severity of hypoglycaemia between the two intervention groups. 
Counter-regulatory hormones 
Epinephrine levels increased from baseline following IDT in both groups. Following IDT epinephrine levels were significantly 
lower in the control group compared with the BGAT group at blood glucose levels of 2.8 mmol/L (1,162±165 vs. 1,850±255 
pmol/l) and 2.2 mmol/l (2,217±263 vs. 3,220±382 pmol/l) p less than0.05 between groups. 
Levels of norepinephrine, ACTH, cortisol, and hGH did not differ between control and BGAT groups before or after IDT and 
education.  
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Symptom scores 
Neurogenic and neuroglycopenic symptom scores did not differ between control and BGAT groups before or after IDT. 
Self-reported neurogenic symptoms were significantly reduced in subjects undergoing BGAT during IDT compared to the control 
group (p less than0.004), whereas neuroglycopenic symptoms did not differ in BGAT and control groups. 
Blood glucose estimation accuracy was similar in control and BGAT groups before IDT. Following IDT blood glucose estimations 
errors did not differ significantly between groups. 
BGAT subjects had a greater improvement in detection of low blood glucose levels and fewer undetected low blood glucose 
readings. 
 
Subgroup analysis of patients at high risk of hypoglycaemia (n=26)  
HbA1c improved from 9.0±0.4 to 7.4±0.2% in the control group (p less than0.01) and from 8.8±0.5 to 7.5±0.2% in the BGAT 
group (p less than0.01), but no significance difference was seen between the two groups. 
No difference was seen between the groups in hypoglycaemia frequency following BGAT compared to controls 
An increase in the proportion of hypoglycaemic episodes �����PPRO�O�ZDV�VHHQ�LQ�WKH�FRQWURO�EXW�QRW�%*$7�JURXS��KRZHYHU��WKH�
difference between the two groups was not significant. 
Counter regulatory hormones 
Epinephrine levels did not differ between control and BGAT groups prior to IDT. 
After 4 months of IDT the change in epinephrine response to hypoglycaemia with IDT differed in the control and BGAT groups 
(repeated measure ANOVA, F=4.4, p less than0.05)  
Levels of norepinephrine, ACTH, cortisol and hGH did not differ in control and BGAT groups before or after BGAT. 
Symptom scores  
These did not differ between the two groups; no significant decrease in neurogenic or neuoglycopenic symptoms was seen in the 
BGAT group compared to the controls (p=0.11 and 0.93 respectively) 
Blood glucose estimation 
Accuracy did not differ in control and BGAT groups before or after 4 months intensive diabetes treatment.  
Subjects undergoing BGAT had fewer undetected low blood glucose readings than those in the control group (p less than0.04) 

Hierarchy of Evidence Grading Ib 

Comments 60 subjects enrolled in the study. 8 patients dropped out because of moving from the area (n=3), or having a change in job and time 
involvement (n=4) or non-study-related injury (n=1). 5 subjects experienced technical difficulties either during one of the clamp 
procedures (n=3) or with laboratory assays (n=2). Final study sample therefore consisted of 47 subjects. 
None of the remaining patients had any evidence of complications.  
Subjects were followed in an outpatient clinic over a 4 to 5 month period.  
Subjects were seen monthly by study physicians, nurse educators and a nutritionist, and had weekly telephone contact with their 
nurse educator to optimise glycaemic control. Patients took 3–5 insulin injections/day and performed ~ 5 home blood glucose 
measurements/day. 
Before and after 4 months of intensive diabetes treatment, subjects underwent paired identical hypoglycaemic insulin clamp 
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procedures. 
At baseline at each glucose level, subjects completed a 35-item self-administered mood and symptom questionnaire (MSQ), rating 
each item on a 7 point likert scale, with 0 standing for feeling the symptom “ not at all”  and 6 “ a lot” . Mean score of trembling, 
sweating, pounding heart and fast pulse was used to represent neurogenic symptoms, and the mean of being light headed, difficulty 
concentrating, uncoordinated, confused and feeling weak to represent neuroglycopenic symptoms. 
On completion of questionnaire, patients estimated and recorded their blood glucose level. 
HbA1c was measured at baseline and at each monthly visit. Home blood glucose meter readings were downloaded to a p.c., 
providing data on glucose levels for 4 weeks, and were used to analyse frequency of hypoglycaemia. 
An estimate of blood glucose within 20% of the actual meter reading was taken as correct 
Validated BGAT protocol applied.  
Validated symptom and mood questionnaire used. 
No details of randomisation procedure or concealment of allocation 
Blinding of patients and investigators not discussed. 
Findings on hypoglycaemia frequency based on home blood glucose testing, leaving potential for subjects to not have treated or 
recorded all of their low blood glucose readings and no data is available on nocturnal hypoglycaemic episodes. 

Reference / Citation  170 
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Q 28 What specific advice can be given to adults with Type 1 diabetes for the management and prevention of hypoglycaemia? 
 

Author / Title / Reference / Yr  Fritsche S, Stumvoll M, Renn W, Schmulling RM 1998 Diabetes teaching program improves glycemic control and preserves 
perception of hypoglycaemia. Diabetes Research and Clinical Practice 40:129–135 

N= N=54 
Germany 

Research Design Case series 
Aim To track the progression of hypoglycaemia in people undergoing a teaching programme 
Population Type 1 diabetes 
Intervention Structured inpatient diabetes education programme 
Comparison Not applicable 

Outcome HbA1c, blood glucose accuracy index, sensitivity and prevalence of low blood glucose 
Characteristics Age: 33.7±11.7 years; Sex (M/F): 26/28; duration of diabetes: 11.7±9.3 years 
Results  33 patients (61%) kept a constant diary and estimated blood glucose regularly during the study. The remaining 21 patients were 

excluded from the study. 
Of the excluded patients 38% had a history of severe hypoglycaemia. These patients did not differ from the patients included in the 
study. 
Of the remaining patients, those with repeated severe hypoglycaemia were older and had longer duration of diabetes, compared to 
patents without repeated severe hypoglycaemia, although levels of HbA1c did not differ at baseline. 
Blood glucose levels 
Perception 
Accuracy of blood glucose perception in all the patients did not change following introduction of DTTP and IT (p=0.25). 
Taken according to history of hypoglycaemia, patients with a history of repeated hypoglycaemia were able to improve the accuracy 
of blood glucose perception following DTTP, unlike those with no history. 
Sensitivity 
No significant improvement was seen in blood glucose sensitivity following a teaching programme either when considering the 
entire cohort, or when patients were divided up according to hypoglycaemia history. 
Prevalence of low blood glucose 
Prevalence of blood glucose levels less than3.9 mmol/l did not change following the teaching programme, however there was a 
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tendency towards a lower frequency of low blood glucose readings in group H.  
Correlation of sensitivity for blood glucose levels and glycaemic control 
There was no linear correlation between the change of sensitivity for low blood glucose levels and HbA1c (r=0.1; p=0.4).  
No linear correlation was seen between sensitivity for and prevalence of low blood glucose levels (r=0.3; p=0.1) 

Hierarchy of Evidence Grading III 

Comments 54 Patients consecutively referred to teaching and treatment programme for intensification of insulin regimen. 33 completed the 
study. These patients were grouped according to presence (n=11) or absence (n=22) of history of repeated hypoglycaemia. 
No participants had clinical evidence of autonomic neuropathy or advanced secondary complications e.g. advanced retinopathy, 
macroproteinuria or symptomatic macrovascular disease 
Patient’ s blood glucose diaries examined at end of study.  
Patients underwent a structured interview about the frequency and severity of severe hypoglycaemia (requiring i.v. glucose or s.c. 
glucagon), results were double checked with relatives and GPs. 
The 5 day inpatient program consisted of 25 60-min lessons emphasising insulin dose adaptation for food intake and exercise as 
well as correction or prevention of hypoglycaemia and hyperglycaemia. Patients learned to estimate carbohydrate content of foods 
and how to treat and recognise hypoglycaemia.  
Patients also specifically leaned how to prevent unrecognised night-time hypoglycaemia. When blood glucose readings were below 
8 mmol/l at bedtime patients were instructed to eat a snack with a variable carbohydrate content aiming for a blood glucose level of 
8–10 mmol/l before going to bed. 
Patients were tested and trained by nurses in their ability to accurately measure blood glucose.  
Patients also estimated blood glucose before each measurement ����WLPHV�GD\��1R�VSHFLILF�WUDLQLQJ�ZDV�JLYHQ�LQ�EORRG�JOXFRVH�
perception, but received written instructions detailing mechanisms of blood glucose perception. 
Instructions also listed actions influencing blood glucose such as amount, type and timing of insulin, food, exercise, alcohol and 
illness. 
Study looking at the ability to alleviate the increase in hypoglycaemia and reduction in blood glucose awareness following 
improved metabolic control, through the use of structured inpatient diabetes treatment and teaching programme. 
Small sample size (n=11 in severe hypoglycaemia group) 
Study has high drop out rate, and only compliant patients were included in the final results, therefore there was a positive selection 
of estimating patients in this study.  
Some patients may have already been familiar with estimating blood glucose since two thirds reported to occasionally have relied 
on blood glucose estimates before the study when adjusting their insulin dose. 
Patients with and without a history of repeated severe hypoglycaemia differed in age and diabetes duration, and also in certain 
aspect of blood glucose awareness. 

Reference / Citation  171 
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8 Cardiovascular risk control 
 
8.1 Identification of cardiovascular risk factors 
 

 
  

Q 37   What is the optimum method of surveillance for arterial risk factors in adults with type 1 diabetes? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network. Hypertension in older people; Treatment of special groups of older people.  31-
32. 2001.  

N= 10 studies, 3 relevant to type 1 diabetes (or diabetes type not specified) 
UK 

Research Design National Clinical guideline 
Aim Not stated 
Population Mixed cohort of older people 
Intervention Cardiovascular risk factors 
Comparison N/A 

Outcome Identification of a risk of cardiovascular disease 
Characteristics Not stated 
Results  Cardiovascular risk factors: 

Cigarette smoking 
The prevalence of smoking is significantly higher inpatients with diabetes than those without (33. 27%) 
Observational studies have shown that smoking is an independent risk factor in people with diabetes and the excess risk 
attributable to smoking is more than additive 
Dyslipidaemia 
Observational studies have shown dyslipidaemia to be commonly present in type 2 diabetes. 
An increased concentration of LDL cholesterol or total cholesterol has also been identified as an independent risk factor for 
cardiovascular morbidity and morality. Each 1 mmol/l reduction of LDL cholesterol represents a 36% reduction in risk of 
CVD disease. 
Triglycerides are also an independent marker of increased risk of cardiovascular disease in type 2 diabetes. 
The ongoing Fenofibrate Intervention and Event Lowering id Diabetes (FIELD) study (n=8000) is addressing whether 
lowering serum triglyceride concentrations reduced CVD events in patients with diabetes with and without coronary heart 
disease. 
Hypertension 
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Hypertension is positively related to risk of CVD death, with a progressive increase in risk with rising systolic pressures. Each 
10 mmHg reduction in systolic pressure is associated with a 15% (95% CI 12-18%) reduction in the risk of CVD death over 
10 years. 
Hyperglycaemia 
Increasing glycaemia (measured as HbA1c) results in increased risk of CVD morbidity and mortality. Each 1% reduction in 
HbA1c is associated with a 21% (95% CI 15-27%) reduction in the risk of diabetes-related death and specifically a 14% 
reduction for MI over 10 years. No lower threshold can be demonstrated. 
Other potential risk factors 
No studies identifying obesity as an independent risk factor in established diabetes were identified. In addition to its role in 
identifying patients at risk of diabetic nephropathy, microalbuminuria is an independent marker associated with a doubling in 
cardiovascular risk. There is insufficient evidence to determine whether reducing albumin excretion rate specifically reduces 
cardiovascular morbidity or mortality. 

Hierarchy of Evidence Grading 1a / Various 
Comments Systematic review of the literature carried out using an explicit search strategy devised by the SIGN information team 

All searches covered systematic reviews, meta-analysis and randomised controlled trials, extended to cover observational 
studies where appropriate. 
All searches covered: Cochrane Library, Embase, Healthstar and Medline. Terms relating to hyperlipaemia were linked with 
terms covering risk assessment, lifestyle factors, and drug therapy. Supplementary searches on the use of diet or exercise to 
reduce lipid levels were carried out, going back to 1996 
Years searched: 1987–1997 
All selected papers were evaluated using standard methodological checklists before conclusions were considered as evidence 
Does not differentiate in all cases between type 1 and type 2 diabetes, this is especially important when recommending the use 
of lipid lowering agents as complications of lipid abnormalities differ between the two types. 
Evidence statements do not provide sufficient information to get a good grasp of the issues in lipid lowering in diabetes 

Trials included  Dierkx et al 1996, Turner et al (UKPDS 23) 1998, Uusitupa et al 1993, Stamler et al 1993, Suarez et al 1984, Garcia et al 
1974, Fontbonne et al 1989, Adler et al (UKPDS 36) 2000, Stratton et al (UKPDS 35) 2000, Dinneen & Gerstein 1997 

Reference / Citation   
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Q 37   What is the optimum method of surveillance for arterial risk factors in adults with type 1 diabetes? 
 

Author / Title / Reference / Yr  Kanters SDJM, Banga JD, Stolk RP, Algra A 1999 Incidence and determinants of mortality and cardiovascular events in 
diabetes mellitus: a meta-analysis. Vascular Medicine 4:67–75 

N= 27 prospective studies 
The Netherlands 

Research Design Meta analysis 
Aim Not stated 
Population Mixed Diabetes population 
Intervention Epidemiological analysis of risk factors for CVD 
Comparison  

Outcome Total mortality, death from all vascular causes, non-fatal MI, non-fatal stroke, fatal MI 
Characteristics Not stated 
Results  75 studies fulfilled the search strategy.  

Exclusion criteria for studies: no report of one of the predefined outcome measures (n=14), more recent publication on the 
same population (n=14), only age-adjusted data reported (n=7), study was clinical trial (n=4), patients selected for the 
presence of CVD (n=4), unclear number of patient years (n=3), only included children (n=1), retrospective study (n=1) 
Outcomes in included studies: All studies described total mortality, 16 death from all vascular causes, 2 death from all 
vascular causes, nonfatal MI or nonfatal stroke, 3 death from all vascular causes or nonfatal MI, 2 death from all vascular 
causes or nonfatal stroke, and 3 fatal or nonfatal MI. 
Mortality 
Crude mortality varied between 0.6%/year to 7.6%/year 
Death from all causes varied between 0.2%/year to 7.3.3%/year 
Overall yearly total mortality = 2.9% (95%CI: 2.8–3.0; 27 studies) 
Death from all vascular causes = 1.4% (95%CI: 1.3–1.4, 16 studies) 
Total yearly mortality in the 16 studies reporting death from all vascular causes = 2.7% (95%CI: 2.7–22.8) 
Excluding one study from the analysis, overall yearly total mortality and death from all vascular causes = 3.0% (95%CI: 3.0–
3.1; 26 studies) and 1.5% (95%CI: 1.4–1.5; 15 studies) respectively. 
Only total mortality and death from all vascular causes were used in the Poisson regression analysis. Only studies providing 
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data on mean age were included in this analysis.  
Crude rate ratios and confidence intervals for all studies were essentially similar to those for the studies that provided 
data on mean age.  
Adjusted for age, both total mortality and death from all vascular causes increased significantly with more recent 
study, total cholesterol level and systolic blood pressure, and decreased with percentage of women: 

 
 Outcome = total mortality Outcome = death from all vascular 

causes 
 No. of studies Age-adjusted rate ratio 

(95%CI) (unadjusted for 
age) 

No. of studies Age-adjusted rate ratio 
(95%CI) (unadjusted for 
age) 

Age (years) 16 1.056 (1.052–1.061) 11 1.083 (1.075–1.092) 
Study year 16 1.055 (1.045–1.065) 11 1.047 (1.031–1.063) 
% type 1 diabetes 10 1.005 (1.002–1.007) -  -(reported in less than8 

studies) 
% women 15 0.998 (0.997–0.999) 10 0.995 (0.993–0.998) 
Mean cholesterol (mmol/l) 13 1.586 (1.441–1.746) 9 1.767 (1.521–2.052) 
Mean SBP (mmHg) 12 1.057 (1.047–1.067) 9 1.043 (1.025–1.057) 
Mean DBP (mmHg) 10 0.984 (0.968–1.000) 8 0.993 (0.966–1.022) 
Mean HbA1c (%) 8 1.019 (0.920–1.130) - - 
Mean duration of diabetes 
(years) 

13 1.005 (0.993–1.018) 8 0.996 (0.971–1.021) 

% smokers 11 1.025 (1.018–1.032) - - 
 
 
Duration of diabetes and mean HbA1c were not associated with mortality. 

Hierarchy of Evidence Grading III 
Comments Medline searched from January 1966 to 1997 including search of the reference lists of all relevant publications for other 

incidence studies.  
Overall incidence of the reported outcome measurements in studies was verified or computed if necessary 
Characteristics abstracted (if reported): year of study (mid year of study period), mean age of study population, percentage 
women, percentage of type 1 diabetes, mean total cholesterol, mean SBP, mean DBP, mean HbA1c, mean duration of 
diagnosed diabetes, percentage of current smokers, percentage of patients with a history of MI and percentage of history of 
stroke 
Age-adjusted (standardisation age 60 years) mortality also calculated 
Of the 27 studies: 7 were conducted in the USA, 6 studies in the UK, 4 in Denmark, 3 in Finland, 2 in Japan, 2 in Sweden, 1 in 
Israel and 1 defined as ‘Europe, America, Asia’ 
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Trials included  Borch Johnsen et al 1985, Pell et al 1970, Herman et al 1977, Jarrett et al 1982, Shenfield et al 1979, Reunanen 1983, Sasaki 
et al 1995, Jarrett & Shipley 1988, Kleinman et al 1988, Barrett Connor & Wingard 1983, De Grauw et al 1995, Nelson et al 
1990, Rosengren et al 1989, Manson et al 1991, Andersson et al 1995, Stamler et al 1993, Stephenson et al 1995, Uusitupa et 
al 1993, Neil et al 1993, Walters et al 1994, Lehto et al 1996, Waugh et al 1989, Hanis et al 1993, Araki et al 1995, 
Damsgaard et al 1992, Rossing et al 1996, Gall et al 1995 

Reference / Citation  175 
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Q 37   What is the optimum method of surveillance for arterial risk factors in adults with type 1 diabetes? 
 

Author / Title / Reference / Yr  Pignone MP, Phillips CJ, Atkins D, Teutsch SM, Mulrow CD, Lohr KN 2001 Screening and treating adults for lipid disorders. 
Am J Prev Med 20:77–89 

N= 67 studies 
USA 

Research Design Systematic review 
Aim Not stated 
Population asymptomatic people (primary detection and treatment) with no known history of CVD 
Intervention accuracy and acceptability of screening for lipid abnormalities (also considered diet, exercise and drug therapy for elevated 

lipid levels but not reviewed here) 
Comparison N/A 

Outcome Screening outcomes: accuracy, reliability, acceptability and feasibility of screening  
Characteristics Not necessarily people with diabetes 
Results  Availability of effective screening strategies 

Different screening strategies proposed for identifying lipid disorders: 
Screening with total cholesterol alone 
The ratio of total cholesterol to HDL cholesterol (TC:HDL-C) 
The ratio of LDL cholesterol to HDL cholesterol (LDL-C:HDL-C) 
These measurements can also be used alone to determine risk and the need for treatment, or can be combined with information 
about the presence or absence of other CHD risk factors and incorporated into a quantitative risk-based screening strategy. 
Reliability of screening tests  
From venous blood samples 
Total cholesterol measurements 
Generally have good reliability: analytic variability for total cholesterol is �����PHDQ�WRWDO�ELRORJLF�YDULDELOLW\§�� 
Two separate measurements are required to determine a patients total cholesterol level within 10% of the true value.  
Total cholesterol levels do not vary substantially between fasting and nonfasting periods, enabling measurement at any time 
HDL cholesterol 
Has a higher analytic (6%) and biologic (7.5%) variation than total cholesterol. 
Two or three values are required to confidently estimate true HDL cholesterol levels to within 10–15% 
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Nonfasting HDL cholesterol is lower by 5–10% than in the fasting state. Thus nonfasting measurement may slightly 
overestimate CHD risk, but not to the point that it is considered sufficiently inaccurate for use in screening 
Triglycerides  
Values change by 20–30% between fasting and nonfasting states.  
LDL cholesterol is routinely calculated directly by measuring in total and HDL cholesterol and triglycerides and the applying 
the Friedewald equation: (total cholesterol = HDL cholesterol + LDL cholesterol + [triglycerides/5]), calculation of LDL 
cholesterol requires a fasting sample to ensure accurate measurement of triglycerides. 
If patients with triglyceride levels greater than400 mg/dl Friedewald equation is inaccurate so special techniques are needed 
(e.g. ultracentrifugation) for accurate measurement of LDL cholesterol 
From capillary blood samples 
Used to measure total and HDL cholesterol (also called ‘point of care’ testing) 
Have similar reliability under optimal conditions to venous samples but may be less reliable without proper attention to 
calibration and proper testing technique 
Lipid levels and CHD risk 
The amount of CHD risk attributable to abnormal lipids depends on the degree of lipid abnormality and the presence of other 
CHD risk factors 
The extent of lipid abnormality can be assessed using: measurement of individual components (total, HDL and LDL 
cholesterol) or their ratios. 
Strategies also considering other existing risk factors are more accurate 
Grover et al found that a Framingham based coronary risk model was the best predictor of CHD mortality.  
ATP II guidelines found the LDL:HDL cholesterol ratio and the total:HDL cholesterol ratio performed approximately equally 
well, the least accurate being total cholesterol alone 
Acceptability of screening to patients  
General acceptability is high.  
Obtaining nonfasting samples is easier than fasting samples, which may require a separate visit, but patients compliance with 
repeat visits have been high (greater than80%) 
Triglyceride measurement 
Whether or not an elevated triglyceride level is an independent risk factor for CHD remains controversial 
Even if elevated triglycerides are independently associated with an increased risk it is unknown if treating people with isolated 
increased triglycerides will reduce further CHD events  
Adverse effects of screening for lipid disorders 
Research to date has not been sufficient to clarify the psychological sequelae or changes in indices of mental health associated 
with identifying lipid disorders in adults and rule out important changes in small subsets of patients or to detect subtle changes 
in anxiety 
Patients identified with acceptable lipid levels may have a disincentive to follow or adopt healthy lifestyles or diet, for 
example. 
Characteristics of screening tests 
Nonfasting total cholesterol alone is the least expensive and easiest test to perform for patient and provider, but its accuracy is 
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lowest. 
Total/HDL cholesterol ratio is easy for patients to obtain, and for providers to interpret, and  performs as accurately as the 
ATP II guideline-based strategy 
LDL/HDL cholesterol ratio or ATP II-based predictions perform no better than the total/HDL cholesterol ratio and may be 
harder to obtain 
Risk-based algorithms that directly incorporate age , the presence and magnitude of other risk factors, and measures of total 
and HDL cholesterol are the most accurate approach to screening, but can be difficult to implement without assistance. Using 
a supplemental table such as the Sheffield tables or a simple computer program may improve the feasibility of a risk-based 
strategy. 
Frequency of screening 
No evidence exists to inform the question of appropriate frequency of screening  
ATP II recommendations suggest a 5 year interval for people with previous normal results, and more frequent screening with 
those who have borderline values. 

Hierarchy of Evidence Grading Ia 

Comments Systematic evidence review also subject to broad-based external review at first draft and fed into final version.  
English language articles on drug therapy, diet and exercise therapy, and screening for lipid disorders. 
Comprehensive searches performed on MEDLINE 1994–July 1999 
Also used published systematic reviews, hand searching and Guide to Clinical Preventative Services, focused searches of 
MEDLINE 1966–1993 and used extensive peer review to identify important older articles and ensure completeness. 
Study quality rated according to internal and external validity for each article using criteria developed by the USPSTF 
Methods working group. 
Quality rating scales published with review. 
Quantitative meta-analysis were performed under both random and fixed effects models using RevMan. 
Meta-analysis used to examine the effect of drug therapy on the incidence of CHD events (nonfatal MI and CHD deaths 
combined) incidence of CHD deaths alone and total mortality. 

Trials included  National Heart, Lung and Blood institute, National Institutes of heath, National Cholesterol Education Program (NCEP) 
guidelines 1999 (ATP II guidelines), Wilson et al 1998, US Preventive Services Task Force guidelines 1996, Cooper et al 
1992, National Heart, Lung and Blood institute 1999, du Pleissis et al 2000, Groover et al 1995, Caggiula et al 1995, Austin et 
al 1998, Avins & Neuhaus 2000, Brett 1991, Tijmstra 1990, Havas et al 1991, Irvine & Logan 1994, Wallis et al 2000, 
Higorani & Vallance 1999 

Reference / Citation  176 
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Q 40 In adults with type 1 diabetes, what is the optimum method for predicting cardiovascular disease risk? 
 

Author / Title / Reference / Yr  Bayly GR, Bartlett WA, Davies PH, Husband D, Haddon A, Game FL, Jones AF 1999 Laboratory-based calculation of 
coronary heart disease risk in a hospital diabetic clinic. Diabetic Medicine 16:697–701 

N= 1060 patients with diabetes 
Research Design Diagnostic study 
Aim Not stated 
Population patients 30–70 years 

Exclusions: previous history or MI, angina, coronary artery surgery, peripheral vascular disease, (intermittent claudication or 
angioplasty) and stroke or transient ischaemic attach and SBP less than90 or greater than220 mmHg, patients on lipid-
lowering drugs, 

Intervention Sheffield tables 
Comparison Framingham equation 

Outcome Risk assessment 
Characteristics Mean age (SD): Men=54.73 (10.46) years; Women=55.5 (10.99) years; SBP: Men=145.8 (21.81) mmHg; Women=145.3 

(21.76) mmHg; Total cholesterol: Men=5.42 (1.06) mmol/l; Women=5.53 (1.1) mmol/l 
Results  Study population 

30% of patients were South Asian ethnicity, but percentage of those with annual CHD risk ����DQG�DYHUDJH�&+'�ULVNV�ZHUH�
not different to the rest of the population, thus ethnic groups were pooled for the analysis 
215/1606 (20%) patients had an annual CHD risk of ���������������KDG�DQ�DQQXDO�ULVN�RI����� 
Sensitivity and specificity of Sheffield tables 
The sensitivity of the Sheffield tables was low (35%; 95%CI: 28–42%) and did not change significantly following the 
exclusion of patients with SBP greater than160 mmHg and cholesterol less than5.5 mmol/l. 
Specificity also did not differ significantly after excluding these patients (98% (95%CI: 97.99%) vs. 96% (95%CI: 94–98%) 
respectively)  
Exclusion of these patients the substantially reduced the number of patients eligible for CHD risk assessment (from 1060 to 
338), such that only 24 of the 215 with a calculated Framingham CHD risk ����ZRXOG�EH�GHWHFWHG�ZLWK�WKH�6KHIILHOG�WDEOHV� 
For the total study population true and false positives identified with the Sheffield tables were 75 and 20, respectively. In the 
population following exclusions these figures were 24 and 10 respectively. 
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Hierarchy of Evidence Grading DS 

Comments Pilot study conducted for January and February 1998 and then extended to include all people attending the hospital diabetic 
clinic for their annual review visit between January and June 1998 were candidates for risk assessment 
Blood pressure and nonfasting total and HDL cholesterol were measured routinely. Smoking history was recorded 
Clinical information required for Framingham equation: SBP taken as the mean of two readings, presence or absence of 
cigarette smoking (current or within 12 months) diabetes, LVH (demonstrated by increased R-wave potential and flattened or 
inverted T waves in the left precordial leads) was supplied with the laboratory request form, on an attached self adhesive label 
Patient age and sex were supplied  
Serum lipids were measured by routine laboratory methods and plasma cholesterol and HDL cholesterol used in the 
estimation. Lipid values, calculated risk of CHD and clinical information used in the calculation were reported by the 
laboratory 
If data on LVH was not available, it was assumed that there was none (97% of patients) 
Sensitivity and specificity of the Sheffield tables (to detect a 3% annual CHD risk) were determined 
Comparison made for entire cohort and then excluding patients with SBP greater than160 mmHg and cholesterol less than5.5 
mmol/l who are not covered by the Sheffield tables 
Lab-based CHD risk calculation system used in all five weekly general clinics 
Method endorsed after 2 months by five diabetology consultants and became a routine part of the annual review assessment, 
used by a total of 33 clinicians 
Label completed by the clinician during consultation 

Reference / Citation  177 
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Q 40 In adults with type 1 diabetes, what is the optimum method for predicting cardiovascular disease risk? 
 

Author / Title / Reference / Yr  Game FL, Bartlett WA, Bayly GR, Jones AF 2001 Comparative accuracy of cardiovascular risk prediction methods in patients 
with diabetes mellitus. Diabetes, Obesity and Metabolism 3:279–286 

N= 906  
Research Design Diagnostic study 
Aim Comparing accuracy of various risk prediction scales 
Population people with diabetes mellitus type not stated 
Intervention Sheffield, Modified Sheffield, Joint British Guidelines, Canadian, Framingham Categorical, New Zealand, Joint European 

Guidelines Risk tables 
Comparison Framingham equation 

Outcome Risk prediction accuracy 
Characteristics Mean 10 year CHD risk=19.9% (16.1% had risks �����DQG������������ 

mean age:57.2 years; Male:55%; Mean SBP: 147.2 mmHg, SBP�����PP+J��������PHDQ�WRWDO�FKROHVWHURO������PPRO�O�WRWDO�
cholesterol ���PPRO�O���� 

Results  Study population 
Data collected on 1060 patients  
Evaluation restricted to 40–70 years, excluding 134 patients for further comparison 
20 patients with known LVH also excluded as LVH is not included as a risk factor in the New Zealand, joint British and joint 
European tables 
Data from a further 143 patients was also received during the study period, but this data was incomplete so these patients were 
excluded. 
906 patients (85% of cohort) included in the final comparison. 
Sensitivity and specificity of tables: 
Ideally tables should have a sensitivity of 100% and a false positive rate of 0% 
 
 

 Specificity 
(%) 
 (95%CI) 

Sensitivity(%
) 
 (95%CI) 

Positive 
predictive 
 value (95% CI) 

Negative 
predictive 
 value (95%CI) 

Sheffield (10 year CHD) 97 (95.6– 37 (22.7– 71 (56.1–81.8) 89(86.4–91.1) 
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98.1) 47.8) 
Excluding SBP greater than160 mmHg and 
cholesterol less than5.5: 

94 (90.8–
96.7); 

43 (19.9–
61.7); 

60 (35.0–77.1); 90(85.2–92.9) 

Modified Sheffield (10 year CHD) ���� 90 (85.6–
95.7); 

95 (93.9–
97.0); 

60 (35.0–77.1) 90 (85.2–92.9) 

Modified Sheffield (10 year CHD) ���� 89 (84.4–
92.1) 

86 (94.1–
97.5) 

94 (91.6–95.7) 99(97.1–99.1) 

Joint British Guidelines (10 year CHD) 
���� 

99 (99.2–
99.9) 

77 (68.3–
84.4) 

99 (95.1–99.9) 96 (94.1–97.1) 

Joint British Guidelines (10 year CHD) 
���� 

92 (88.1–
94.7) 

96 (93.9–
97.4) 

96 (93.5–97.1) 92 (88.8–95.2) 

Canadian (10 year CHD) ���� 100 (99.5–
100) 

5 (0–19.3) 100 (47.3–100) 85 (81.6–86.9) 

Canadian (10 year CHD) ���� 88 (83.7–
91.6) 

98 (96.0–
98.7) 

94 (91.4–95.6) 95 (92.1–97.4) 

Framingham categorical (10 year CHD) 
���� 

83 (79.1–
85.5) 

95 (91.6–
97.8) 

63 (556.3–69.7) 98 (96.8–99.2) 

Framingham categorical (10 year CHD) 
���� 

77 (70.7–
81.6) 

97 (95.3–
98.3) 

88 (85.4–90.8) 94 (89.7–96.2) 

New Zealand (5 year CHD) ���� 88 (85.4–
91.3) 

69 (62.1–
74.9) 

75 (68.9–80.9) 88 (81.4–87.7) 

New Zealand (5 year CHD) ���� 58 (50.5–
65.5) 

94 (91.2–
95.4) 

82 (79.4–85.8) 81 (73.7–86.1) 

European (10 year CHD) ���� 71 (67.2–
76.9) 

89 (85.1–
91.7) 

74 (70.3–79.1) 87 (83.3–90.6) 

 
 
Modified Sheffield tables have higher sensitivity (95 vs. 37%) with a slight reduction in specificity (90% vs. 97%) compared with 
the original tables. 
The positive predictive value of the modified Sheffield tables is slightly better than the original version (80.2% vs. 71%)  
At the �����OHYHO�RI�ULVN��WKH�PRGLILHG�6KHIILHOG�LV�HTXDO�WR�WKH������ULVN��KRZHYHU��EHFDXVH�RI�WKH�KLJK�SUHYDOHQFH�RI�WKLV�OHYHO�
of risk in this population less than 1 in 10 patients would be misclassified as being at high risk (positive predictive value 94%) 
Joint British tables have good specificity (99%), but low sensitivity (77%). However, the tables also perform well at the lower 
CHD risk of �����RYHU����\HDUV��VSHFLILFLW\������VHQVLWLYLW\����� 
Canadian tables perform poorly at the �����ULVN���DQG�VOightly better at the �����OHYHO�RI�ULVN��VSHFLILFLW\�������VHQVLWLYLW\����
and 85% and 98%, respectively) 
The Framingham categorical tables have a lower specificity (83%) for the identification of high-risk individuals (although risk is 
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�����QRW�������DQG�Whis deteriorates for identification of those at �����ULVN��VSHFLILFLW\����� 
The New Zealand tables had a sensitivity of 69% and specificity of 88% at a �����OHYHO�RI�ULVN��WKXV���LQ���RI�WKH�SDWLHQWV�LQ�WKLV�
cohort would be incorrectly identified as being at this level of risk. At the �����OHYHO�RI�ULVN��VSHFLILFLW\�GHWHULRUDWHV�WR���� 
Joint European tables have a sensitivity of 89% for risk levels �����EXW�D�VSHFLILFLW\�RI�RQO\������7KLV�DOVR�PHDQV�WKDW���LQ���
patients would be incorrectly identified as having a risk above the 20% threshold. 

Hierarchy of Evidence Grading DS 

Comments All statistics calculated with SPSS 
Patient data is described as mean and SD when normally distributed or as median and 5th/95th centiles when not normally 
distributed.  
Sensitivity, specificity, positive and negative predictive values for each of the tables to identify the number of patients above each 
given threshold of risk compared to the full Framingham equation was calculated.  
Authors suggest that the revised Sheffield tables and the tables produced by the Joint British Societies are the most accurate 
tabular method of risk prediction, and should be used in preference to the other tables. However, calculating the risks on laboratory 
computers using the full Framingham equation is readily practicable and can be used to target drug use more efficiently 
All patients attending Birmingham Heartlands Hospital for annual review between January and June 1998 were included  
Smoking history recorded, presence or absence of left ventricular hypertrophy measured in a 12 lead electrocardiogram, systolic 
blood pressure and non-fasting total and HDL cholesterol were measured 
Information for the Framingham calculation (age, sex, SPB, LVH) supplied on an adhesive label attached to the laboratory request 
form.  
CHD/CVD risk calculated from seven different tables currently available based on the Framingham equation.  
Patients with LVH were excluded as this risk factor is used only in the original Sheffield and Canadian tables. 
Where comparisons made on two different levels of risk: 15% and 30% 10 year CHD risk (equivalent to 10% and 20% 5 year 
CVD risk) in line with current UK recommendations for the consideration of pharmacological intervention in hypertension and 
hyperlipidaemia, respectively. 
Comparisons made at 27% 10 year CHD risk in the case of the Framingham categorical tables, as this was the closest to 30% 
Comparison made at ��������\HDU�&+'�ULVN�LQ�WKH�FDVH�RI�WKH�-RLQW�(XURSHDQ�WDEOHV�LQ�OLQH�ZLWK�(XURSHDQ�UHFRPPHQGDWLRQV�DQG�
as there is no �����FDWHJRU\ 
Performance of the tables was evaluated both for the whole cohort and after the exclusion of those with SBP greater than160 
mmHg and/or serum cholesterol less than5.5 mmol/l 
For comparison with the Framingham equation in this study the 10 year CHD risk was used from the joint British coronary risk 
prediction charts. Notes state that CHD risk in the first 6 years of every decade is closer to the lower decennium and so patient’s 
age was rounded accordingly.  
Total:HDL cholesterol ratios were rounded to the nearest whole number. 
No instructions are specifically given in the Joint European Societies tables as to rounding and so the patients age was rounded to 
the nearest decade, SBP to the nearest 20 mmHg and total cholesterol to the nearest whole number. Comparison was made with 
computer calculated 10 year CHD risk. The joint European societies suggest treated patients for both dyslipidaemia and 
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hypertension at a level of 10 years CHD risk of ������DQG�DV�WKH�WDEOHV�GR�QRW�KDYH�D�FDWHJRU\�RI�ULVN�RI������WKLV�OHYHO�RI�ULVN�
was used in the comparison with the full Framingham equation. 
The Framingham categorical tables use either calculated LDL cholesterol or total cholesterol, and as triglyceride data were not 
available for this cohort, CHD risk was estimated from the tables using total cholesterol. As the upper limit of risk from the tables 
is �����WKLV�OHYHO�RI�ULVN�ZDV�XVHG�LQ�WKH comparison with the computer calculated 10 year CHD risk. 

Reference / Citation  178 
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Cardiovascular risk prediction tables 

 

Table  Age range 
(years) 

Risk assessed Risk factors included Other features 

Sheffield Men: 30–70 
Women: 35–70 

Annual CHD ��� Age, sex, smoking (Y/N), 
hypertension (Y/N), diabetes (Y/N), 
LVH (Y/N), total cholesterol (Y/N) 
Excluded: HDL cholesterol, SBP 
greater than160 mmHg, total 
cholesterol less than5.5 mmol/l 

Tables for men and women; cholesterol 
concentration at which risk ���� 

Modified Sheffield Men: 26–70 
Women 34–70 

Annual CHD ��� 
Annual CHD ����� 

Age, sex, smoking (Y/N), 
hypertension (Y/N), diabetes (Y/N), 
total:HDL cholesterol ratio, LVH 
(age+20 years) 

Tables for men and women; displays a 
ration of total:HDL cholesterol but 
otherwise same as original Sheffield without 
exclusions 

Joint British 
Guidelines 

30–70 
 
(Revised joint 
British 
Guidelines=30–
74) 

10 year CHD risk, 3 bands: 
less than15%, 15–30%, greater 
than30% 

Age, sex, smoking (Y/N), SBP 
(110–210 mmHg), diabetes (Y/N), 
total:HDL cholesterol ratio 
Excluded: LVH 

Graph of SBP vs. total:HDL cholesterol 
ratio, three risk categories colour coded; 
separate graphs for each permutation of sex, 
diabetes, smoking and decade of age. 

Canadian 30–70 10 year CHD risk Age, sex, smoking (Y/N), SBP (98–
185 mmHg), diabetes (Y/N), LVH 
(Y/N), total cholesterol (3.59–8.53 
mmol/l), HDL cholesterol (0.65–
2.48 mmol/l) 

Graph of risk vs. age for men and women,; 
risk modified by addition/subtraction of 
points for risk factors 

Framingham 
Categorical 

30–74 10 year CHD risk Age, sex, smoking (Y/N), SBP, 
diabetes (Y/N), LVH (Y/N), total 
cholesterol, HDL cholesterol 

Summation of points to score risk factors. 
Tables use either calculated LDL 
cholesterol or total cholesterol. 

New Zealand 40–70 5 year CVD risk, 6 bands: less 
than2.5%, 2.5–5%, 5.5–10%, 
10–15%, 15–20% and 20–
25% 
(Updated New Zealand: eight 
bands adding 25–30% and 
greater than30%) 

Age, sex, smoking (Y/N), SBP 
(120–180 mmHg), diabetes 
(Y/N), LVH (Y/N), total:HDL 
cholesterol ratio 
Excluded: LVH 

Matrix of cells with colours corresponding 
to different CVD risk levels, rows relate to 
blood pressure levels, columns to total:HDL 
cholesterol ratios; different matrices for 
each permutation of sex, diabetes (Y/N), 
smoking (Y/N) and each of four decades of 
age.  

Joint European 
Guidelines 

30–70 10 year CHD risk, 5 bands: 
less than5%, 5–10%, 10–20%, 
20–40% and greater than40% 

Age, sex, smoking (Y/N), SBP, 
diabetes (Y/N), total cholesterol 

Similar design to New Zealand 
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Q 40 In adults with type 1 diabetes, what is the optimum method for predicting cardiovascular disease risk? 
 

Author / Title / Reference / Yr  Game FL, Jones AF 2001 Coronary heart disease risk assessment in diabetes mellitus—a comparison of PROCAM and 
Framingham risk assessment functions. Diabetic Medicine 18:355–359 

N= 996 
UK 

Research Design Diagnostic study 
Aim To test the accuracy of the Procam risk equation in diabetes 
Population men with and without diabetes 
Intervention PROCAM risk equation 
Comparison Framingham risk equation 

Outcome Risk accuracy 
Characteristics Mean age (SD): diabetes=54.7 (7.25) years, nondiabetes=53.6 (6.87) years (p=0.029); SBP (SD): diabetes= 140.6 (19.7) 

mmHg, nondiabetes=143.9 (20.2) mmHg (p=0.012); Total cholesterol (95%CI): diabetes=24.8 (23.5–33.3), nondiabetes=32.2 
(28.6–35.8) mmol/l (nonsignificant) 

Results  1774 men eligible for CHD risk assessment 
996 (56% of original study population) men satisfied criteria for assessment by the PROCAM equation. (625 (63%) with 
diabetes 341(37%) without) 
778 patients excluded: 559 with diabetes (48% of original cohort), 219 without diabetes (39% of original cohort) 
Reasons for exclusion: age greater than40 or greater than65 years (588 people: 429 with diabetes, 159 without) SBP less 
than100 or greater than225 mmHg (9 people: 5 with diabetes 4 without), HDL cholesterol  less than0.64 or greater than1.94 
mmol/l (149 people: 104 with diabetes 45 without), triglyceride concentration less than0.56 or greater than4.52 mmol.l (195 
people: 146 with diabetes, 49 without) 
Significant differences at baseline was seen differences in triglycerides (p less than0.001), HDL cholesterol p less than0.003), 
and mean annual CHD risk when calculated with both Framingham and PROCAM equations 
Median annual CHD risk calculated by the Framingham equation=1.7% in people with diabetes, and 1.32% without.  
Mean annual CHD risk calculated by the PROCAM equation=0.77% with diabetes, 0.6% without. 
Bland-Altman difference plots demonstrating differences between the two methods of calculation shows that in patients with 
and without diabetes the PROCAM equation systematically underestimates risk, in comparison with the Framingham equation 
at low levels of absolute risk (annual Framingham risk less than3%) but overestimates at higher risk levels 
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Proportion of people considered eligible for statins under current national guidelines (annual CHD risk����� 
With the Framingham equation (95%CI): diabetes=9.6 (7.3–11.9), nondiabetes=2.3 (2.0–2.5) (chi-squared: p less than0.001) 
With the PROCAM equation (95%CI): diabetes=9.1 (69.8–11.4), nondiabetes=5.3 (2.9–7.7) (chi-squared: p=0.02) 
Bland-Altman curves were similar shapes for people with and without diabetes, indicating that difference in absolute risks 
from the two equations are not effected by the present/absence of diabetes or by the higher serum triglyceride concentrations 
in people with diabetes 

Hierarchy of Evidence Grading DS 

Comments All participants being assessed for cardiovascular risk by the Framingham risk function as part of routine clinical practice and 
being seen either in general practice, the Birmingham Heartlands Hospital annual diabetic review clinic or lipid clinic.  
No patients had know vascular disease 
Details of clinical data collection as before.  
Absolute risk divided by 10 to give annual risk. 
Nonfasting venous blood sample analysed for serum triglycerides at the same time as serum total and HDL cholesterol by 
standard laboratory methods 
Data including additional risk factor downloaded from the main laboratory computer onto a PC and the PROCAM risk 
calculated. PROCAM gives a 6 year prediction interval, and calculated risk divided by 6 to give an annual risk 
PROCAM limited to men only. 
Statistics performed with SPSS. 
Nonfasting venous blood is used in this study, however the PROCAM study itself and thus the resulting equation was based 
on analysis of fasting samples. Thus there is a systematic bias towards higher calculated risk in patients with 
hypertriglcyeridaemia. However, this would lead to a difference in the curves between diabetes and nondiabetes, which was 
not observed 

Reference / Citation  179 
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Q 40 In adults with type 1 diabetes, what is the optimum method for predicting cardiovascular disease risk? 
 

Author / Title / Reference / Yr  Jones AF, Walker J, Jewkes C, Game FL, Bartlett WA, Marshall T, Bayly GR 2001 Comparative accuracy of cardiovascular 
risk prediction methods in primary care patients. Heart 85:37–43 

N= 691 subjects 
Male: n=402, female: n=289 
Age (SD): Male=53.5 (10.2) years, Female=55.0 (10.0) years; SBP (SD): male=143.8 (21.9) mmHg, female=144.2 (22.0) 
mmHg 
Diabetes: male=20.9%, female=18.7%; 10 year CHD risk (95%CI): male=15.96 (2.5–36.10), female=9.16(0.57–28.60) 

Research Design Diagnostic Study 
Aim To test the accuracy of risk models in diabetes 
Population Mixed population  
Intervention Cardiovascular disease risk predication methods 
Comparison Framingham risk equations 

Outcome Sensitivity, specificity and positive and negative predictive values of the Framingham based risk tables and charts for 
treatment thresholds based on projected cardiovascular disease or coronary heart disease 

Characteristics Male: n=402, female: n=289 
Age (SD): Male=53.5 (10.2) years, Female=55.0 (10.0) years; SBP (SD): male=143.8 (21.9) mmHg, female=144.2 (22.0) 
mmHg 
Diabetes: male=20.9%, female=18.7%; 10 year CHD risk (95%CI): male=15.96 (2.5–36.10), female=9.16(0.57–28.60) 

Results  Study population 
806 requests for risk assessment received during the study 
Exclusion: age less than30 (n=9) or greater than70 years (56), LVH (n=5), incomplete data (n=45). 
691 patients remained. 
229 (31%) had serum cholesterol �����PPRO�O��������������K\SHUWHQVLYH��6%3������PP+J���������������ZLWK�GLDEHWHV������
(21.0%) smokers 
overall 421 patients (60.9%) with ���FDUGLRYDVFXODU�ULVN�IDFWRrs. 
Median 10 year projected CHD risk=12.6% (range: 0.1–48.3%); Median 5 year projected CHD risk=8.0% (range: 0.1–46.7%) 
Projected 10 year CHD risk ������Q �����������3URMHFWHG����\HDU�&+'�ULVN�������Q ��������� 
Projected 10 year CHD risk ������Q ���������%); Projected 10 year CHD risk ������Q ���������� 
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A strong correlation seen between projected coronary disease risk and cardiovascular disease risks (r²=0.84), as Framingham 
equations for these use the same risk factors but with different weightings 
Sensitivity, specificity and positive and negative predictive values 

 Specificity (%) 
 (95%CI) 

Sensitivity (%) 
 (95%CI) 

Positive 
predictive 
 value (95% CI) 

Negative 
predictive 
 value (95%CI) 

Sheffield (10 year CHD) 98.6 (97.2–
99.3) 

40.0 (26.6–
57.8) 

75.7 (53.8–88.9) 93.6 (91.3–95.4) 

Excluding SBP greater than160 mmHg and 
cholesterol less than5.5: 

98.2 (96.1–
99.3) 

43.6 (25.4–
69.8) 

73.9 (43.2–90.4) 93.7 (90.4–96.0) 

Modified Sheffield (10 year CHD) ���� 89.9 (86.4–
92.7) 

95.1 (91.6–
97.4) 

95.4 (80.3–89.4) 96.7 (94.4–98.3) 

Modified Sheffield (10 year CHD) ���� 95.8 (93.9–
97.3) 

91.4 (81.3–
96.9) 

71.1 (57.7–81.1) 99.0 (97.8–99.6) 

Joint British Guidelines (10 year CHD) ���� 99.7 (98.9–
100) 

69.5 (51.8–
81.9) 

95.3 (83.2–99.4) 97.2 (95.6–98.4) 

Joint British Guidelines (10 year CHD) ���� 97.0 (94.8–
98.4) 

82.1 (76.6–
86.7) 

95.2 (91.6–97.5) 88.2 (84.5–91.2) 

Revised Joint British Guidelines (10 year 
CHD) ���� 

98.7 (97.5–
99.5) 

84.7 (71.0–
93.0) 

86.2 (72.9–94.1) 98.5 (97.3–99.4) 

Revised Joint British Guidelines (10 year 
CHD) ���� 

99.5 (98.1–
99.9) 

89.4 (84.8–
92.7) 

99.2 (97.2–99.9) 92.7 (89.7–95.1) 

Canadian (10 year CHD) ���� 100 (99.4–100) 3.3 (0.4–11.7) 100 (0–100) 91.3 (88.8–93.4) 
Canadian (10 year CHD) ���� 92.2 (89.0–

94.6) 
94.8 (91.3–
97.2) 

88.5 (83.9–92.1) 96.5 (94.2–98.1) 

Framingham categorical (10 year CHD) ���� 97.6 (96.0–
9837) 

67.0 (53.7–
77.3) 

82.7 (71.0–90.6) 94.6 (92.4–96.3) 

Framingham categorical (10 year CHD) ���� 93.9 (91.0–
96.1) 

82.4 (77.0–
86.9) 

91.0 (86.7–94.3) 87.7 (83.9–90.8) 

New Zealand (5 year CHD) ���� 99.7 (98.8–
100) 

41.2 (28.7–
57.3) 

94.6 (80.5–99.3) 92.4 (89.9–94.3) 

New Zealand (5 year CHD) ���� 94.9 (92.2–
96.8) 

61.4 (52.8–
68.4) 

89.1 (83.4–93.3) 78.3 (73.8–82.2) 

European (10 year CHD) ���� 85.9 (82.3–
89.0) 

75.0 (66.5–
81.8) 

65.2 (56.2–72.8) 90.7 (87.6–93.2) 

 
Sheffield tables  
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Low sensitivity and positive predictive value (40% eligible for cholesterol lowering treatment would be identified, 1 in 4 
would actually have calculated risks of less than30%).  
Due to high specificity, false positive rate is low.   
Patient exclusions do not improve sensitivity and specificity, and following exclusions fewer true positives are identified, but 
the modified tables significantly improve sensitivity at the projective annual risk threshold of ���������\HDU��������EXW�
reduce specificity 
The modified tables also permit assessment of an annual risk threshold of �������6SHFLILFLW\�LV�VLJQLILFDQWO\�ZRUVH�WKDQ�DW�WKH�
����ULVN�OHYHO��DQG�LV�DPRQJVW�WKH�ORZHVW�Rf all the tabular and chart systems. 
New Zealand tables: 
Similar sensitivities and specificities to the original Sheffield tables at 30% 10 year coronary disease and 20% CHD.  
At the 10% five year cardiovascular disease risk threshold specificity is significantly lower than the Sheffield tables and the 
difference between their sensitivities is not significantly different. 
European tables 
Have similar design to the New Zealand tables with better sensitivity than the original Sheffield and New Zealand tables but 
low specificity which is significantly worse than most other risk assessment methods. 
Positive predictive values are extremely low 
Joint British Societies table: 
Significantly better specificities at both �����DQG���������\HDU�&+'�ULVN�OHYHOV�WKDQ�WKH�modified Sheffield tables.  
Sensitivities are low, similar to those in the New Zealand tables, but a higher sensitivity at the 15% 10 year coronary 
disease/10% five year cardiovascular disease risk level. 
Recent modifications have not significant effects on sensitivity or specificity at either risk threshold.  
Framingham categorical tables 
This has the best performance with specificities equivalent to those of the modified Sheffield tables and sensitivities 
equivalent to the joint British charts.  
Canadian tables 
Dose not identify those with risks �����ZHOO�EXW�SHUIRUPV�EHWWHU�DW�WKH������ULVN�WKUHVKROG�ZLWK�VHQVLWLYLWLHV�DQ�VSHFLILFLWHV�
similar to those of the modified Sheffield tables. 

Hierarchy of Evidence Grading DS 

Comments Patients selected at the discretion of their own primary card physicians.  
Patient data collected between January 1998 and January 1999 from 12 general practices (46 GPs) served by the department of 
clinical biochemistry, Birmingham Heartlands Hospital 
Nonfasting blood sample used for the measurement of total and HDL cholesterol 
Laboratory information system software adapted to use data to calculate disease risks using Framingham equations.  
Projected risks defined as specified by each of the risk tables or charts. 
Two observers used clinical and biochemical data to assess coronary heart disease/cardiovascular disease risks for each patient 
with each of the published tables or charts 
Calculate and estimated risks were compared where possible at the two treatment thresholds of �����DQG ��������\HDU�&+'�
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risk advised by the joint British recommendations 
Statistics performed with SPSS; 95%CI calculated using the exact Poisson method 
Framingham equations do not include several well established risk factors are not included and may not apply to ethnic groups 
other than north Europeans, and have not been validated in a prospective fashion 
No comparison of performance in diabetes and nondiabetes. 
The joint British recommendations charts appear to represent the best combination of specificity, sensitivity and ease of use 
and the authors suggest that these should therefore be the method of choice for those using tables or charts 

Reference / Citation  180 
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8.2 Interventions to reduce risk and manage arterial disease 
 

 
 

Q 41   What is the optimum method of management of abnormalities in lipid control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network. Lipids and the Primary Prevention of Coronary Heart Disease.  1-59. 2003. 
N= 15 studies, 9 relevant to type 1 diabetes (or diabetes type not specified) 
Research Design National Clinical guideline 
Aim To reduce incidence or coronary heart disease 
Population Coronary disease population including a mixed diabetes population 
Intervention Lipid lowering agents (various) 
Comparison Placebo 

Outcome Incidence of coronary disease and coronary events 
Characteristics Varied between studies 
Results  Evidence from lipid lowering trials relevant to Type 1 diabetes 

All evidence for trials of primary prevention of coronary heart disease with respect to lipid levels relates to type 2 diabetes 
Secondary prevention trials of lipid reduction in diabetics or in populations which included a substantial diabetic subgroup 
have shown significant reduction in cardiovascular disease in both Type 1 and Type 2 diabetics. 
 
In view of the observed association of dyslipiaemia with increased cardiovascular risk in diabetes, the positive benefit from 
lipid lowering among diabetic subjects included the secondary prevention studies, and the similar trend in favour of treating 
diabetes in the Helsinki Heart Study (Type 2 diabetes) and AFCAPS/TexCAPS (diabetes type not specified); it would seem 
prudent to recommend aggressive lifestyle modification to lose weight, reduce intake of saturated fat, increase consumption of 
fruit and vegetables, take regular exercise and where necessary introduce lipid lowering drug treatment for primary prevention 
in high risk diabetic subjects. 
 
The higher absolute risk for cardiovascular disease in patients with diabetes suggests greater benefit from lipid lowering 
therapy than in non-diabetic subjects for a given cholesterol/HDL ratio. This is reflected in the currently available risk 
assessment methods, which appear to be appropriate for Type 2 diabetics without overt CHD unless there are signs on 
nephropathy (detectable urinary albumin excretion) in which case the risk is likely to be underestimated.  
 
A Tayside study has raised concern about underestimating diabetic CHD risk, particularly in Type 1 individuals. These issues 
have been addressed by others and some possible solutions have been suggested 

Hierarchy of Evidence Grading Ia 
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Comments Does not differentiate in all cases between type 1 and type 2 diabetes, this is especially important when recommending the use 
of lipid lowering agents as complications of lipid abnormalities differ between the two types. 
Evidence statements do not provide sufficient information to get a good grasp of the issues in lipid lowering in diabetes 

Trials included Frick et al (Helsinki Heart Study) 1987, Downs et al (results of the AFCAPS/TexCAPS trial) 1998, Koivisto et al (EURODIAB 
IDDM complications study group) 1996, Scottish Office Department of Health 1995, West of Scotland Coronary Prevention 
study group 1997, Keech (on behalf of the FIELD investigators) 1996, Holman (in publication), Steiner (The Diabetes 
Artherosclerosis Intervention study) 1996, Simes (Cholesterol Treatment Trials collaboratio) 1995, Sacks et al (Cholesterol and 
recurrent events trials investigators) 1996, Pyorala et al 1997, Lean et al 1990, Wiliamson et al 1995, Moy et al 1993, Turner et 
al (UKPDS) 1998, Yudkin & Chaturvedi 1999, Zambanini et al 1999, Haq et al 1996, Wood et al 1998 

Reference / Citation  181 
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Q 41   What is the optimum method of management of abnormalities in lipid control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Rustemeijer, C., Schouten, J. A., Janssens, E. N. W., Spooren, P. F. M., & van Doormaal, J. J. 1997, "Pravastatin in diabetes 
associated hypercholesterolemia", Acta Diabetologica, vol. 34, no. 4, pp. 294-300. 

N= 49 Patients with Type 1 or Type 2 diabetes and hypercholesterolaemia despite dietary intervention 
Pravastatin: n=24, placebo: n=25 
The Netherlands 

Research Design Randomised controlled trial 
Aim Use of statins to improve cholesterol levels 
Population Mixed diabetes population 
Intervention Pravastatin (20 mg at bedtime) 
Comparison Placebo  

Outcome Total cholesterol, HDL cholesterol, LDL cholesterol and triglyceride levels 
Characteristics Mean age (years): pravastatin=52, placebo=55; Sex (M/F): pravastatin=14/10, placebo=12/13; Diabetes (Type 1/Type 2): 

pravastain=11/13, placebo=11/14; number of concomitant medications: pravastatin=33, placebo=30 
Results  Lipid parameters 

Pravastatin vs. placebo 
There were no differences between baseline parameters between the treatment and control groups. 
At all visits pravastatin significantly reduced total cholesterol and LDL cholesterol compared to placebo (p<0.001) 
At 16 and 24 weeks mean HDL cholesterol levels were significantly different between the treatment groups (p<0.01) 
Pravastatin significantly reduced triglycerides compared to placebo after 8 and 16 weeks (p<0.01 and p<0.001) although the 
difference at 24 weeks was not statistically significant. 
Changes in lipid parameters after 24 weeks pravastatin: Total cholesterol decreased by 22.2%, LDL cholesterol decreased by 
25.8%, HDL cholesterol increased by 1.8%, triglycerides decreased by 13.6% 
Changes in lipid parameters after 24 weeks placebo: Total cholesterol decreased by 0.6%, LDL cholesterol decreased by 
2.0%, HDL cholesterol decreased by 7.7%, triglycerides increased by 1.9% 
Taking glucose levels at baseline and changes in glucose levels as covariables in ANOVA analysis of the effects on lipid 
values, significance was reached for pravastatin treatment of triglyceride levels (p=0.009). In multiple regression analysis 
triglyceride values on all visits were predicted by changes in glucose levels (r²=0.29, p=0.0002) 
Differences between type of diabetes 
No differences were seen in pravastatin induced changes in serum lipids and lipoproteins with respect to diabetes type, except 
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for total cholesterol at week 8 (p<0.05) 
After 24 weeks total cholesterol was decreased by 24.0% in the type 1 diabetes group and 20.6% in the type 2 diabetes group. 
For LDL cholesterol these figures were 29.1 vs. 22.8%, for triglycerides: 21.8 and 6% and HDL cholesterol increased by 5.5% 
and decreased by 1.7% in people with type 1 and type 2 respectively. 
Clinical safety 
No differences were found between the pravastatin and placebo groups for fasting glucose, HvA1c, serum creatinine and 
microalbuminuria at baseline or after 24 weeks of treatment.  
No significant changes were found in haematological and biochemical parameters throughout the study 
Mean values of blood pressure and body weight remained stable in the different groups during the study 
Compliance measured by counting tablets at each visit was overall >80% in both groups. Pravastatin was generally well 
tolerated. 
Two serious adverse events were noted (pravastatin=1 libido loss, placebo=1 muscle pain). Both patients dropped out of the 
study. 

Hierarchy of Evidence Grading Ib 
Comments Follow-up = 24 weeks 

Study included dietary lead-in of ���ZHHNV 
Dietician instructed patients to use a low-fat, low-cholesterol diabetic diet with appropriate caloric intake to maintain a stable 
body weight in the dietary lead-in period. 
Dietary compliance was checked by a dietetian by means of a 2-day food record at every visit during the study. 
Eligibility based on the mean of two measurements of total cholesterol in the dietary lead-in.  
Baseline clinical safety assessments included patients history, complete physical examination, 12-lead electrocardiogram and 
routine clinical laboratory tests taking during the dietary lead in period. 
Patients returned to the outpatient clinic at week –2, –1, 8, 16 and 24 weeks for interview of possible adverse reactions, 
interim illnesses, use of non-study drugs, adherence to diet and medication compliance (assessed by counting returned tables) 
Blood samples were analysed for total cholesterol (TC), HDL cholesterol and triglycerides (TG) at weeks –1, 8, 16 and 14. 
All lipid, metabolic control and laboratory safety measurements were conducted in the central same laboratory. 
Total cholesterol and HDL cholesterol concentrations were measured using methods in accordance with the protocol of the 
Centres for Disease and Control/NHBLI Lipid Standardisation Program. Triglycerides were quantitated on the CHEM-1 
analyser enzymatically.  
Lipid values were withheld from patients and investigators during the study. 
Safety parameters including haemoglobin were performed using standard techniques 
Diabetic control was monitored by evaluating fasting glucose at each visit. HbA1c levels were measured at weeks –1, 8, 16 
and 24. 
Continuous variables were compared using t tests, discrete variables using chi-squared tests.  
Mean percentual change form baseline in the lipid profile was compared at each time point across treatment groups using t-
testing 
Interactions of treatment with patients characteristics, including diabetes type were tested by ANOVA on differential 
treatment effects 
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Formal comparisons on tolerance and safety between placebo and pravastatin groups were carried out using chi-squared test. 
No power analysis is included in the study. Study sample is small, especially as subgroup analysis are performed according to 
type of diabetes 
No details are given of the randomisation, concealment of randomisation or blinding procedures. 
Authors state that details of concomitant medication were collected from each patient, although details are not included in the 
analysis. 
Two patients are reported as dropping out of the study, although only the patient in the pravastatin group is still included in the 
analysis 

Reference / Citation  182 
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Q 41   What is the optimum method of management of abnormalities in lipid control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Raskin, P., Ganda, O. P., Schwartz, S., Willard, D., Rosenstock, J., Lodewick, P. A., Cressman, M. D., Phillipson, B., Weiner, 
B., McGovern, M. E., Norton, J. M., Cucinotta, G. G., & Behounek, B. D. 1995, "Efficacy and safety of pravastatin in the 
treatment of patients with type I or type II diabetes mellitus and hypercholesterolemia", American Journal of Medicine, vol. 
99, no. 4, pp. 362-369 

N= 94 patient with type 1 or type 2 diabetes with hypercholesterolaemia despite dietary intervention 
pravastatin: n=62, placebo: n=31 
USA 

Research Design Randomised controlled trial 
Aim A study of the efficacy of a statin to improve blood cholesterol concentrations 
Population Mixed diabetes population 
Intervention Pravastatin (20 mg)  

Comparison placebo 

Outcome Primary end points: Reductions in LDL cholesterol and triglyceride concentrations after 16 weeks of treatment 
Secondary end points: changes in total cholesterol, VLDL cholesterol and HDL cholesterol concentrations at 16 weeks 

Characteristics Mean age (years): pravastatin=53.9, placebo=54.9; Sex (M/F): pravastatin=30/32, placebo=14/17; Diabetes (Type 1/Type 2): 
pravastain=20/42, placebo=10/21 

Results  Lipid and lipoprotein response 
Average daily dose of pravastatin at 16 weeks=29.5 mg. 47%(26/55) of patients had dose doubled at 8 week evaluation 
Statistically significant decreases in LDL cholesterol and VLDL cholesterol were seen at 8 and 16 weeks in the pravastatin 
group  
(p�������IRU�/'/�FKROHVWHURO�YV��SODFHER��S������IRU�9/'/�FKROHVWHURO�YV��SODFHER� 
Reductions in calculated LDL and estimated VLDL cholesterol were 29.8% and 12.6% respectively (both p�������YV��
placebo) 
Significant reductions in total cholesterol and triglycerides were seen after 23 weeks and at all remaining time points (except 
week 4 for triglycerides) for 16 weeks: 
(p�������WRWDO�FKROHVWHURO�DQG�S������WULJO\FHULGHV�YV��SODFHER� 
HDL cholesterol levels were significantly increased in the pravastatin group at 8 and 16 weeks (p������FRPSDUHG�ZLWK�
placebo) 
At week 16 pravastatin reduced total cholesterol:HDL cholesterol from 6.2 to 4.5 and LDL cholesterol:HDL cholesterol from 
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4.5 to 3.0 (p��������FRPSDUHG�ZLWK�SODFHER�IRU�ERWK�UDWLRV� 
Analysis of type 1 and type 2 subgroups showed very similar reductions in LDL cholesterol and total cholesterol levels and 
increased in HDL cholesterol levels. Patients with type 2 diabetes had slightly greater reductions in triglyceride levels. 
 
Safety  
Pravastatin was well tolerated, with similar incidences of adverse events in both groups  
One sudden death, attributed to possible cardiovascular cause occurred in the pravastatin group. 
There were no discontinuations of study medication due to side effects  
No significant differences were seen between treatment groups in the frequency of clinically significant laboratory test 
abnormalities including fasting blood glucose concentrations and HbA1c 

Hierarchy of Evidence Grading Ib 
Comments Dietary stabilisation/placebo lead-in of 4 to 8 weeks, followed by a 24 week treatment period. 

With counselling by a dietician, each patient was prescribed an American Diabetes Association diet: a low-fat, low-cholesterol 
diabetic diet with appropriate caloric intake to maintain a stable body weight. 
Dietary prescription was given ���ZHHNV�EHIRUH�EORRG�ZDV�GUDZQ�IRU�HOLJLEO\�FDOFXODWLRQV�EDVHG�RQ�OLSLG�SURILOHV�ZHUH�PDGH�
and was to be followed throughout the trial. Dietary compliance was checked by means of a 3 day food record at periodic 
intervals. 
Patients were asked not to make any other significant lifestyle changes 
Lipid lowering medications were withdrawn ���ZHHNV�EHIRUH�UDQGRPLVDWLRQ�� 
Patients who were already following a stable ADA diet or its equivalent, and were not taking any prohibited medications 
could enter the study at the beginning of the 4 week placebo lead in period. 
Two blood samples for lipid analysis were drawn after fasts of ����KRXUV�GXULQJ�WKH�OHDG-in period 1 and two weeks before 
randomisation.  
Two patients were randomly assigned to pravastatin for each assigned to placebo. 
At 10 weeks pravastatin could be increased to 40 mg/day in patients who demonstrated persistent hypercholesterolaemia or 
decreased to 10 mg day in patients with LDL cholesterol <110 mg/dl after 8 weeks of treatment.  
Cholestyramine or colestipol could be added after 18 weeks, based on lipid levels after 16 weeks if LDL cholesterol remained 
elevated. 
Ratios of total cholesterol:HDL cholesterol and LDL cholesterol:HDL cholesterol were also calculated and analysed 
Baseline clinical safety assessments included patients history, complete physical examination, 12-lead electrocardiogram and 
routine clinical laboratory tests taking during the dietary lead in period. 
Patients returned to the clinic at 2 week intervals for the first 4 weeks and at 4 week intervals during the rest of the study 
At each visit patients were interviewed for possible adverse reactions, interim illnesses, use of non-study drugs, adherence to 
diet and medication compliance (assessed by counting returned tables) 
Analysis of lipid efficacy variables was performed by a central laboratory, in accordance with the Centres for Disease and 
Control/NHBLI Lipid Standardisation Program. All other laboratory tests were performed centrally and employed a quality 
assurance procedure. 
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Q 41   What is the optimum method of management of abnormalities in lipid control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Goldberg, R. B., Mellies, M. J., Sacks, F. M., Moye, L. A., Howard, B. V., Howard, W. J., Davis, B. R., Cole, T. G., Pfeffer, 
M. A., & Braunwald, E. 1998, "Cardiovascular events and their reduction with pravastatin in diabetic and glucose-intolerant 
myocardial infarction survivors with average cholesterol levels: subgroup analyses in the cholesterol and recurrent events 
(CARE) trial. The Care Investigators", Circulation, vol. 98, pp. 2513-2519. 

N= 4159 patients (pravastatin=2081, placebo=2078) 
Research Design Randomised controlled trial 
Aim To evaluate the effect of statin therapy in to minimize cardiovascular events 
Population Diabetes group: n=586 (14.1 % of total study population) 
Intervention Pravastatin (40 mg/day) 
Comparison placebo 

Outcome Primary outcome: combination of death from CHD plus nonfatal MI 
Secondary outcome: bypass surgery or angioplasty 

Characteristics men and postmenopausal women 21–75 years who had suffered MI between 3 and 20 months before randomisation, with 
plasma total cholesterol <240 mg/dL, LDL cholesterol 115–174 mg/dl and triglycerides <350 mg/dl 
 

Results  Treatment effect 
Pravastain had similar effects on plasma lipid concentrations in the diabetes and nondiabetes groups 
Compared with placebo, pravastatin reduced total cholesterol and LDL cholesterol by 19% and 27% in group with diabetes, 
compared to 20% and 28% respectively in those without. 
Average on-treatment total cholesterol and LDL cholesterol values in the diabetes group were 170±33 and 96±21 mg/dl 
compared with 171±23 and 99±19 mg/dl in the nondiabetes group 
Compared with placebo, pravastatin caused a 13% decrease in triglycerides and a 4% increase in HDL levels in people with 
diabetes.  
Pravastatin treatment in the diabetes group was associated with 25% reduction of risk of coronary events (CHD death, 
nonfatal MI, CABG and PTCA) (p=0.05), similarly to those without diabetes. Adjustment for age and sex did not alter the 
magnitude of this effect 
Pravastatin was also associated with a 13% reduction in the relative risk of primary end-point events (p=NS), compared to 
28% (p=0.004) in the nondiabetes group. This is largely due to an absence of a reduction in the rate of CHD death in the 
diabetes group. 
Because of their higher coronary event rate, diabetic patients had more benefit, expressed in absolute terms, than nondiabetic 
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patients, an 8.1% absolute reduction of the secondary end points compare with 5.2% in the non diabetic patients. 
Hierarchy of Evidence Grading Ib 
Comments Patients entered into a dietary programme supervised by a dietician using the approach of the National Cholesterol Education 

Program 
Plasma lipids withdrawn after an overnight fast were measured 2 to 3 times at baseline at intervals thereafter at a central 
laboratory certified for lipid measurements by the Centres for Disease Control.  
Average duration of follow-up~5 years 
Patients were interviewed and asked whether they previously had been informed that they had diabetes or had received 
medication for diabetes 
Subgroup analysis of previously recorded results 
Full details of study protocol not included here. No details of whether a power analysis was employed 
Presence of diabetes is patient reported 
No differentiation made for type of diabetes, Only 18.6% of those in the diabetes subgroup were treated with insulin  
The majority of patients (45.4%) were receiving sulfonylurea treatment. 
All analysis were performed on an intention-to-treat basis 

Reference / Citation  184 
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Q 41   What is the optimum method of management of abnormalities in lipid control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Sartor, G., Katzman, P., Eizyk, E., Kalen, J., Nilsson, A., Ugander, L., & Ursing, D. 1995, "Simvastatin treatment of 
hypercholesterolemia in patients with insulin dependent diabetes mellitus", International Journal of Clinical Pharmacology & 
Therapeutics, vol. 33, no. 1, pp. 3-6. 

N= 25 patients had sufficiently low C-peptide levels to be truly insulin dependent and were included in the analysis 
simvastatin: n=12, placebo: n=13 
Sweden 

Research Design Randomised controlled trial 
Aim To assess the effect of statin therapy to improve cholesterol levels 
Population Type 1  diabetes population (Male) 
Intervention Simvastatin 10 to 20 mg per day orally 

Comparison Placebo 

Outcome Total cholesterol, LDL cholesterol, HDL cholesterol and triglycerides. 
HbA1c and fasting blood glucose 

Characteristics men (20–65 years) with a five year history of insulin treated diabetes mellitus and fasting total serum cholesterol ���PPRO�O�
prescribed a cholesterol lowering diet. 
 

Results  Simvastatin 10–20 mg daily significantly decreased total serum cholesterol and LDL cholesterol concentration (p<0.001 in 
both after 4 and 16 weeks). No significant difference was seen with placebo. 
Reduction in total cholesterol and reduction in LDL cholesterol were closely related (R=0.92, p<0.001) 
HDL cholesterol and triglycerides were unchanged following simvastatin treatment compared to placebo. 
The ratio between LDL and HDL cholesterol was reduced from 4.1±1.7 to 2.0±0.6 with simvastatin and from 3.5±1.1 to 
3.2±1.4 with placebo (between groups p=0.011) 
Body weight was unchanged after either intervention as was BP and heart rate. 
Simvastatin had no significant effect on fasting blood glucose or HbA1c. Similar insulin doses were used in the simvastatin 
and placebo group throughout the study. 
Serum electrolytes, rate, creatinine, liver enzymes, creatinine kinase and serum TSH did not differ between the treatment 
groups  
Ophthalmological slitlamp examination before and at the end of the study did not show development of new lenticular 
opacities 
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Hierarchy of Evidence Grading Ia 
Comments Glucagon stimulation tests performed to test true insulin dependency.  

Following four weeks treatment, both placebo and simvastatin dose was increased to two tablets daily during the following 12 
weeks if serum cholesterol was >3.6 mmol/l. 
Fasting HDL-cholesterol, LDL-cholesterol, triglycerides, alkaline transferase, bilirubin, sodium, potassium, creatinine, urate 
creatinine kinase, blood glucose and HbA2c were determined �����ZHHNV�EHIRUH�LQFOXVLRQ��DW�UDQGRPLVDWLRQ�DQG�DIWHU���DQG�
16 weeks of treatment.  
All laboratory analyses were performed at the departments of clinical chemistry at the hospital where the patient was enlisted. 
Concomitant medication reported in five patients, but only discontinued in one patient 
Statistical evaluation was performed using student’s unpaired t test and fisher’s exact test.  
Correlation coefficients were calculated using linear regression analysis. Significance was at 5% 
Glucagon stimulation test was employed to ensure all patients were IDDM 
Pre-treatment HDL cholesterol levels were considered relatively high, which authors state explains the lack of increase in 
HDL cholesterol following simvastatin treatment 

Reference / Citation  185 
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Q 41   What is the optimum method of management of abnormalities in lipid control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Hommel, E., Andersen, P., Gall, M.-A., Nielsen, F., Jensen, B., Rossing, P., Dyerberg, J., & Parving, H.-H. 1992, "Plasma 
lipoproteins and renal function during simvastatin treatment in diabetic nephropathy", Diabetologia, vol. 35, no. 5, pp. 447-
451. 

N= 26 People with Type 1 diabetes and persistent albuminuria (>300 mg/24 h) 
simvastatin: n=14, placebo: n=12 
Denmark 

Research Design Randomised controlled trial 
Aim To assess the effect of statin therapy to improve cholesterol levels 
Population Mixed diabetes population 
Intervention Simvastatin 10 mg per day orally 
Comparison Placebo 

Outcome Total cholesterol, LDL cholesterol, apolipoprotein A and apolipoprotein B, UAE and glomerular filtration rate 
Characteristics Diabetic nephropathy according to established criteria, total cholesterol �����PPRO�O��DJH���–50 years, serum creatinine �����

PRO�O 
Results  Plasma concentrations of total cholesterol, LDL cholesterol and apolipoprotein B were significantly reduced in the 

simvastatin-treated group during 12 weeks treatment (p<0.01). No changes were observed in the placebo treated group. 
Significant differences in mean changes from baseline to 12 weeks were observed after simvastatin treatment compared to 
placebo in: 
Total cholesterol (mmol/l): –1.58±0.25 vs. 0.078±0.25, LDL cholesterol (mmol/l) –1.67±0.21 vs. 0.013±0.21, apolipoprotein 
B (g/l) –0.31±0.67 vs. 0.06±0.05 
HDL cholesterol and apolipoprotein A were unchanged in both groups. 
Urinary albumin excretion, glomerular filtration rate, and arterial blood pressure were comparable between the simvastatin-
treated group and placebo as were HbA1c and blood glucose, after 12 weeks of treatment. 
Plasma concentrations of alkaline phosphatase, creatinine kinase, aspartate aminotransferase, alanine aminotransferase, 
bilirubin, albumin, haemoglobin, differential counts, platelets, sodium, potassium and creatinine were comparable between the 
groups. 

Hierarchy of Evidence Grading Ib 
Comments All included patients were insulin-dependent from time of diagnosis and receiving ���GDLO\�LQMHFWLRQV�RI�LQVXOLQ� 
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All patients received their usual antihypertensive treatment during the study period and doses were unchanged. No patients 
were taking any other drugs. 
All patients were given dietary advice for a diet of 50% carbohydrate, 15% protein and 35% fat with no sodium restriction. 
Total cholesterol was re-measured 3 weeks later and all 26 patients still had total cholesterol >5.5 mmol/l and no changes in 
glycaemic control or body weight. 
Simvastatin dose was increased to 20 mg (two tablets) and placebo to two tablets if total cholesterol remained over 5.5 mmol/l 
after 6 weeks of dose titration. 
Venous blood samples were collected after an overnight fast. Total cholesterol was measured enzynmatically, LDL cholesterol 
calculated using Friedewald’ s formula. 

Reference / Citation  186 
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Q 41   What is the optimum method of management of abnormalities in lipid control in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Winocour, P. H., Durrington, P. N., Bhatnagar, D., Ishola, M., Arrol, S., Lalor, B. C., & Anderson, D. C. 1990, "Double-blind 
placebo-controlled study of the effects of bezafibrate on blood lipids, lipoproteins, and fibrinogen in hyperlipidaemic type 1 
diabetes mellitus", Diabetic Medicine., vol. 7, no. 8, pp. 736-743. 

N= 36 patients were randomised to active treatment or placebo at the end of the run-in period. 
Bezafibrate: n=17, placebo: n=19 
UK 

Research Design Randomised controlled trial 
Aim To evaluate the use of a lipid modifier to improve cholesterol levels 
Population Type 1 diabetes 
Intervention Bezafibrate (400 mg once daily before the evening meal) 

Comparison Placebo 

Outcome Total serum cholesterol, total serum triglycerides, LDL cholesterol, HDL cholesterol, VLDL cholesterol, fasting blood 
glucose, HbA1c , Fibrinogen, apolipoprotein (a) and B, and serum alkaline phosphatase  

Characteristics Male: bezafibrate=11, placebo=12; age (year): bezafibrate=53.7 (37–64), placebo=49.1 (17–64), duration of diabetes (year): 
bezafibrate=18.2 (5–45), placebo=15.7(3–36) 

Results  Following bezafibrate therapy, no changes in insulin dosage, BMI, HbA1c, serum transaminases or markers of renal function 
were recorded and measurements were comparable to the placebo group. 
Alkaline phosphatase activity fell significantly in bezafibrate treated patients significantly more than those in the placebo 
group at 1, 2 and 3 months.  
Fasting blood glucose levels decreased significantly from 8.5 (1.1) mmol/l at end of run in to 6.40 (0.7) mmol/l (p<0.05) 
following three months bezafibrate therapy.  
Levels were not comparable between the two treatment groups at the end of the run-in period, but this difference greater and 
statistically significant at 3 months (p<0.001).  
Total serum cholesterol and total serum triglycerides were decreased throughout the treatment period, and were significantly 
lower than those in the placebo group.  
Levels were not comparable at the end of the run-in period but only became significantly lower than in the placebo group after 
1, 2, and 3 months of active treatment.  
VLDL cholesterol concentrations were lower in the bezafibrate group compared to placebo at 1 and 3 moths. 
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LDL cholesterol values were significantly decreased by bezafibrate in comparison with levels at the end of the run-in period 
but not significantly different to those seen after treatment with placebo 
Serum apolipoprotein A and B did not differ following treatment with bezafibrate or placebo. 
Fibrinogen levels declined progressively with bezafibrate over 3 months of treatment. Concentrations were initially higher in 
the bezafibrate group after run-in but were reduced to less than those of placebo following active treatment. 

Hierarchy of Evidence Grading Ib 
Comments Treatment groups differed significantly at treatment initiation (following run-in period) 

All patients received standard dietary advice (isocaloric diet with fixed amount of carbohydrate and calories derived from 50% 
carbohydrate, 30% fat and 20% protein) 
All patients whose fasting cholesterol and/or triglyceride levels remained >5.5 mmol/l or 2.00 mmol/l respectively after a 4 
week run-in period on placebo were randomised to bezafibrate or placebo for a further three months. 
Fasting blood tests to assess efficacy and safety were performed once monthly. 
Compliance was assessed by tablet counts, by confirming reductions in circulating serum alkaline phosphatase and detection 
of bezafibrate concentrations in fasting serum at the end of the 4 month study period. 
Side effects were assessed by direct enquiry 
All lipid and lipoprotein estimations were carried out in duplicate. Fasting serum cholesterol and triglyceride concentrations 
were measured enzymatically. 
Assays were performed at the local laboratory, which participates in the UK external quality assurance scheme for cholesterol 
estimation. 
Results from patients who completed the study were analysed 

Reference / Citation  187 
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Question 42   What is the evidence for the use of antiplatelet agents in the prevention of arterial disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  NHS Centre for Reviews and Dissemination 1998, Aspirin for the secondary prophylaxis of vascular disease in primary care., 
University of Newcastle upon Tyne, Centre for Health Services Research; York: University of York, Centre for Health 
Economics.. 

N= 83 trials (Diabetes 8 trials). 
Research Design Systematic review and Meta analysis 
Aim To determine the efficacy of aspirin to reduce cardiovascular morbidity and mortality in the primary care setting 
Population All primary care some studies with people with  diabetes (type not stated)  
Intervention Aspirin at various doses 
Comparison Placebo or other antiplatelet agents 

Outcome The effectiveness of antiplatelet therapy overall; dose of aspirin and duration of treatment; side effects and cost; the 
effectiveness of aspirin to the secondary prophylaxis of cardiovascular disease and stroke in specific groups of patients. 
Vascular events or death 

Characteristics Varied between studies 
Results  Results relevant to Diabetes 

 
Aspirin as an antiplatelet agent in patient at raised vascular risk 
A pooled risk ratio by clinical subgroup and overall is calculated by combining The meta-analysis of the Antiplatelet 
Collaborative Group (containing properly randomised trials that compared prolonged antiplatelet therapy (���PRQWK��ZLWK�
control, and trials that compared different antiplatelet agents) with trials published after 1990; to establish the impact of 
antiplatelet therapy on subsequent MI, stroke and vascular death. Overall pooled risk ratio = 0.79 (95% CI: 0.76–0.82) 
There is good homogeneity between trials (Q=74.81, degrees of freedom=0.70) 
Thus there is strong evidence for a general protective effect of antiplatelet therapy in patients at raised vascular risk 
Too few studies make a direct comparison between aspirin and alternative antiplatelet agents to enable relative effectiveness to 
be defined. However, when the available data is combined a resulting analysis provides no evidence of systematic differences 
in effect between aspirin and other antiplatelet agents. 
Substantially different reductions in mortality were found for different clinical conditions.  
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Aspirin therapy in diabetes 
8 Trials were identified in people with diabetes. 
The results contribute to an overall estimate of risk difference of 1.2%, which is of uncertain statistical significance (95% CI: –
0.9 to 3.3). 
There is no evidence of heterogeneity of treatment effects between these trials (Q=1.66, df =0.36) 
The pooled incidence rate difference, by random effects model, estimate that this translates to a 0.3% reduction in the risk of 
MI, stroke or vascular death from antiplatelet therapy for 1 year (NNT=360), which is not statistically significant  
Two major trials ETDRS and DAMAD studies indicate that on its own, a diagnosis of diabetes does not represent a risk factor 
of sufficient severity to predict worthwhile benefits from aspirin therapy. The similar relative for MI, stroke and vascular 
death found in diabetes trials and other trials of patients at raised vascular risk, indicates that patients with diabetes alongside 
other indications of vascular risk are likely to benefit from routine aspirin therapy. 

Hierarchy of Evidence Grading Ia 
Comments Guideline development group containing individuals from appropriate sectors (GPs, secondary care physicians, medical and 

pharmaceutical advisers and pharmacists) discussed the evidence and developed recommendations. 
Literature search: MEDLINE and controlled trials register in the Cochrane library to locate systematic reviews and meta-
analyses, RCTs, quality of life studies and economic studies. Use was also made of recent, high quality review articles and 
bibliographies and contact with subject area specialists.  
Study quality was assessed by internal validity, external validity and construct validity. Categorisation of quality was 
performed by a single reviewer 
Where appropriate results of randomised studies were combined using established meat-analytic techniques. 
Guideline includes a systematic appraisal of evidence, which is graded and used to form recommendations graded according 
to the level of evidence on which they are based.  
Fixed effects models were used in studies estimating a single underlying effect, random effects models where a study looked 
at a distribution of effects.  
Statistical effects of heterogeneity used to assess the likelihood that the variation between the results are not due to change or 
systemic differences between effects measured, using the heterogeneity statistic Q test. 
Risk differences used to describe the practical importance of an intervention in practice 
Guideline states that recommendations will cease to apply on 31st December 1999, by which time new, relevant results that 
may affect its recommendations are likely to be available 

Trials included Diabetes: Pollock & Wright 1979 (Sanofi internal report 105062/0019), Belgian Ticlopidine Retinopathy Study Group 
(BTRS) 1992, DAMAD Study Group 1989, Pannebakker et al 1980 (Abstract), EDTRS Investigators 1992, Oakley et al 1983 
(Sanofi internal report 105062/0019), Nyberg et al 1984, Mirouze (on behalf of the TIMAD Study Group) 1984. 
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Question 42   What is the evidence for the use of antiplatelet agents in the prevention of arterial disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  ETDRS Investigators 1992, "Aspirin effects on mortality and morbidity in patients with diabetes mellitus. Early Treatment 
Diabetic Retinopathy Study report 14.", JAMA, vol. 268, pp. 1292-1300. 

N= N=3711 
Aspirin =1856, placebo= 1855 
USA 
2 sites 

Research Design Randomised controlled trial 
Aim To evaluate the effect of early aspirin treatment in people with diabetes to prevent mortality 
Population Mixed diabetes population 
Intervention Aspirin (two 325 mg tablets once a day) 

Comparison Placebo 

Outcome Primary outcome: mortality from all causes.  
Additional outcomes: cause-specific mortality, cardiovascular events (measured by fatal and nonfatal MI and stroke), 
amputations, and kidney disease or failure (measured by dialysis, transplantation, or death due to kidney failure). 

Characteristics Male (%): aspirin = 55.5, placebo = 57.4; Age <30: aspirin = 17.5%, placebo = 16.3%; Age 30–49: aspirin = 30.8%, placebo = 
32.1%; Age �50: aspirin = 51.7%, placebo = 51.6%; Type 1 diabetes: aspirin = 30.1%, placebo = 30.8%; type 2 diabetes: 
aspirin = 31.6%, placebo = 30.5 

Results  Total and cause specific mortality  
Total mortality 
Aspirin: n = 340 (18.3%), placebo: n= 366 (19.7%); z= –1.10 
5-year life table rates for total mortality: aspirin=12.1%, placebo=14.9% 
Relative risk based on total mortality for the entire follow-up period=0.91 (99% CI: 0.75–1.11, p=0.24) 
Cardiovascular deaths 
Aspirin: n=244 (13.1%) (71.8% of all deaths), placebo: N=275 (14.8%) (75.1% of all deaths), z=–1.47 
25 deaths in each group were attributable to cerebrovascular disease (1.3% of all patients) 
5-year cumulative rates for cardiovascular mortality: aspirin=9.3%, placebo=11.2% 
Relative risk of cardiovascular mortality estimated for the entire follow-up period=0.87 (99% CI: 0.70–1.10), p=0.12) 
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Morbidity and combined mortality/morbidity end points  
Fatal and non-fatal MI: aspirin: n=241 (13.0%), placebo: n=283 (15.3%), z=–1.99 
No significant difference was seen between participants randomised to aspirin or placebo for fatal or nonfatal stroke (5.0% 
and 4.2% respectively), hypertension (75.1% and 73.1% respectively), renal transplants (7.8 and 7.9%), patient identified as a 
candidate for dialysis (5.4 and 5.4%) or reported dialysis (1.9 and 1.8%). 
Occurrence of ����RI�WKHVH�FRQGLWLRQV�RU�GHDWK�GXH�WR�NLGQH\�GLVHDVH�RFFXUUHG�LQ�������RI�DVSLULQ�DQG�������SODFHER�DVVLJQHG�
patients.  
 
Fatal or nonfatal Myocardial infarction 
5-year event rates for fatal and nonfatal event rates for MI: aspirin=9.1%, placebo=12.3% 
Relative risk of MI estimated for the entire follow up period = 0.83 (99%CI: 0.66–1.04, p=0.04) 
 
Fatal or nonfatal Stroke 
5-year event rates for fatal and nonfatal event rates for stroke: aspirin=4.5%, placebo=3.8% 
Relative risk of stroke estimated for the entire follow up period = 1.17 (99%CI: 0.79–1.73, p=0.32) 
 
Combined end points 
Cumulative 5-year event rates for cardiovascular mortality, non-fatal MI, or stroke: aspirin=14.0%, placebo=16.6% 
Treatment difference for a combined end point was similar to that for cardiovascular death alone.  
The relative risk adjusted for age, gender, type of diabetes and clinical centre estimated using Cox regression, was very similar 
to the unadjusted estimates.  
 
Side effects 
When patients presented at routine visits with an indication of possible toxicity laboratory tests were performed for 
investigation. The percentage of patients with ���ODERUDWRU\�WHVWV�VFKHGXOHG�IRU�WKLV�UHDVRQ�DW�DQ\�WLPH�GXULQJ�IROORZ-up was 
10.9% for patients receiving aspirin and 9.6% for those in the placebo group. The detection of abnormalities occurred in 53% 
of these tests and results were equal between the two groups. 
Few patients in both groups (2%) had some indication of bleeding (Hb<100g/L, haematocrit <0.30, haematuria, or blood in 
the stool) 
 
Electrocardiograms 
Examined by Electrocardiogram Reading Centre staff using the Minnesota Code without knowledge of treatment assignment, 
these showed 60/942 (6%) of patients assigned to aspirin and 63/916 (7%) assigned to placebo who were examined at follow-
up had one or more major abnormalities identified on central reading. 
Only 6 and 8 (10 and 13%) of these patients in the aspirin and placebo groups respectively had previously reported any 
nonfatal myocardial infarctions before the ECG was obtained. These patients were considered to have had a ‘silent’  
myocardial infarction.  
The majority of the total ‘silent’  MIs detected throughout the study were not included in the number of fatal and nonfatal MIs 
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at analysis. 
Addition of these events to the other data for MI events increases the number to 289 (16%) and 336 (18%) in the aspirin and 
placebo groups, respectively (p=0.038) 

Hierarchy of Evidence Grading Ib 
Comments Mortality classified as cardiovascular by the Mortality and Morbidity Committee  

Study designed to evaluate the effects of photocoagulation and aspirin on ocular events. At the same time information was 
collected on each death and cardiovascular hospitalisation and on the results of regular medical examinations. 
Patients enrolled between April 1980 and July 1985 
 
Aspirin dose 
Initial dose based on a previous study showing it to be sufficient to ensure complete inhibition of platelet aggregation by 
blocking cyclooxygenase but not enough to completely inhibit prostacyclin production by endothelial tissue. 
During the course of the study, evidence pointed to lower doses was uncovered, suggesting that 80 mg every other day may be 
sufficient to inhibit platelet aggregation.  
Review of all information including ETDRS data on side effects, the EDTRS investigators decided to continue with the dose 
of 650 mg/d. 
 
Patient follow up 
����\HDUV��ZLWK�VFKHGXOHG�YLVLWV�HYHU\���PRQWKV 
Examination during initial 3.5 years: physical examination, medical history assessment of drug adherence based on pill count 
and patient interviews, and biochemical and haematologic determinations at annual intervals. 
Additionally serum thromboxane B2 levels and urine salicylate levels were used to assess compliance. 
For the remainder of the study, physical examinations were performed at only the third and fifth annual visit and biochemical 
compliance tests were discontinued. 

Reference / Citation  189 
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Question 42   What is the evidence for the use of antiplatelet agents in the prevention of arterial disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Roffi, M., Chew, D. P., Mukherjee, D., Bhatt, D. L., White, J. A., Heeschen, C., Hamm, C. W., Moliterno, D. J., Califf, R. M., 
White, H. D., Kleiman, N. S., spacing, a., & Topol, E. J. 2001, "Platelet glycoprotein IIb/IIIa inhibitors reduce mortality in 
diabetic patients with non-ST-segment-elevation acute coronary syndromes", Circulation, vol. 23, pp. 2767-2771. 

N= 6 Randomised, double blind, placebo controlled trials evaluating the medical management of acute coronary syndromes 
(ACS) in the absence of ST-segment elevation 
Total 6485 people with diabetes and non-ST-segment elevation ACS 
USA 

Research Design Systematic review and Meta analysis 
Aim To evaluate the efficacy of platelet inhibitors to reduce mortality in a subgroup of people with diabetes and non-ST-Segment 

elevation 
Population Mixed diabetes population 
Intervention Secondary prevention with intravenous platelet GP IIb/IIIa antagonists  

4 different agents were included in the trials (tirofiban, lamifiban, eptifibatide or abciximab) 

Comparison Placebo 

Outcome Death and death or nonfatal MI at 30 days 
MI defined by creatine kinase (CK) or CK-MB greater than the upper limit or normal. 

Characteristics Varied between trials 
Results  Mortality 

Platelet GP IIb/IIIA inhibition was associated with a significant reduction of the aggregate 30-day mortality in people with 
diabetes. 
Breslow-Day statistic demonstrated a lack of heterogeneity between the trials for mortality  
Pooled results from the trials showed a reduction from 6.2% to 4.6% (OR:0.74, 95% CI:0.59–0.92, p=0.007) 
Logistic regression analysis demonstrated a significant interaction between diabetic status and treatment (OR:0.75, p=0.036) 
Patients undergoing PCI 
The most marked benefit from active therapy was seen in patients with diabetes undergoing PCI:  
Mortality in patients randomised to active treatment = 1.2% vs. 4.0% in placebo groups (OR: 0.30, 95%CI:0.14–0.69, 



National Collaborating Centre 
for Chronic Conditions 

 

Page 44 of 80 

p=0.002) 
 
Composite death or MI 
Treatment was associated with a reduction in the composite death or MI at 30 days in people with diabetes 
A statistically significant reduction was seen in the PRISM (OR: 0.50, p=0.038) and PRISM-PLUS (OR: 0.27, p=0.001). 
Pooling of the ORs also showed a significant reduction but Breslow-Day statistic demonstrated heterogeneity (p=0.024) 
between the trials for composite death or MI, so pooled results are not reported 
Patients undergoing PCI 
Active therapy was associated with significant reduction of death or MI at 30 days (15.8% –9.9%, OR:0.58, 95%CI:0.41–0.82, 
p=0.002) in the absence of heterogeneity. 
 
GP IIa/IIIb receptor inhibition was associated with similar proportionate reduction in mortality for patients treated with insulin 
and those controlled by diet or oral therapy. Mortality was reduced from 6.9% to 5.2% (OR: 0.74, p=0.14) in 1799 people on 
insulin and 5.8% to 4.3% (OR:0.74, p=0.025) in 4551 people controlling their diabetes with diet or oral hypoglycaemic drugs 

Hierarchy of Evidence Grading Ia 
Comments Included trials differed in design, inclusion criteria, therapeutic agents, regimens and access to percutaneous revascularisation.  

Enzyme definition of MI was not uniform across the trials, which may have influenced the incidence of events and thus the 
extent of therapeutic benefit.  
Included trials were inconsistent with their prescription of heparin.  
No details given of drugs other than intervention and aspirin administered throughout the trial 
Primary endpoint is consistent throughout the trials, and assessed at 30 days, irrespective of length of follow-up. 
Mantel-Haenszel statistic used to test significance of treatment effect within each study 
Heterogeneity of ORs across the trails examined with Breslow-Day statistic—if p value was nonsignificant, trial results were 
weighted and pooled 
Pearson chi-squared test applied to poled event rates to assess overall significance of treatment effects 
P<0.05 was considered statistically significant 
Logistic regression modelling assessed interaction of diabetic status with treatment.  
No details given of type of diabetes in included patients.  
Details are not provided of adverse effects of drugs used in the trials. 
Revascularisation strategy not randomised thus survival advantage in patients undergoing PCI may be influenced by selection 
bias. 
Limitations of meta-analysis discussed by authors, concluding that use of the Breslow-Day test allows for combination of the 
trail results with respect to mortality reduction, and suggest that due to the limitations of this being a subgroup analysis and 
the lack of randomisation of PCI results should be seen as exploratory and for PCI, hypothesis generating, requiring further 
validation.   

Trials included Platelet Receptor Inhibition in Ischemic syndrome management trial (PRISM); Platelet Receptor Inhibition in Ischemic 
Syndrome Management in Patients Limited by Unstable Signs and Symptoms (PRISM-PLUS); Platelet IIb/IIIa Antagonism 
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got the Reduction of Acute Coronary Syndrome Events in a Global Organization Network trial A (PARAGON A); 
PARAGON B trial; Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy trial 
(PURSUIT); Global Utilisation of Strategies to Open Occluded Coronary Arteries IV trial (GUSTO) 

Reference / Citation  190 
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8.3 Blood pressure 
 

 
 

Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  McAlister FA; Zarnke KB; Campbell NRC et al 2002 The 2001 Canadian recommendations for the management of 
hypertension: Part two – Therapy. Canadian Journal of Cardiology 18:625–641 

N= 22 RCTs (1 uncompleted), 2 observational studies, 2 guidelines, 2 systematic reviews. 
people with diabetes and hypertension 
Canada 

Research Design National guidelines 
Aim To provide updated, evidence-based recommendations for the therapy of hypertension in adults 
Population N/A - various 
Intervention Blood pressure lowering with antihypertensive therapy 
Comparison N/A - various 

Outcome Microvascular and cardiovascular complications 
Characteristics N/A - various 
Results  Level of blood pressure control 

Diastolic blood pressure 
Randomised clinical trial evidence supports a dBP treatment goal of 80 mmHg 
HOT and UKPDS-38 trials demonstrated people with diabetes assigned to lower blood pressures derived more benefits than 
those with less intensive blood pressure lowering.  
The HOT study reported cardiovascular events 15% lower in people randomly assigned to target BP less than80 mmHg, 
compared to people assigned to target blood pressure 85–90 mmHg 
UKPDS reported intensive BP lowering lead to reductions in the risk of microvascular diabetic end points of 37% (95%CI: 
11–56%) and stroke of 44% (95%CI: 11–65%) 
Neither study identified a threshold below which clinical benefit was no longer evident.  
Systolic blood pressure 
Recommendations of sBP less than130 mmHg is based on expert opinion. 
Pittsburgh Epidemiology of Diabetes Complications Study (type 1 diabetes) and UKPDS (type 2 diabetes) showed a linear 
relationship between sBP levels and mortality, coronary artery disease, overt diabetic nephropathy and proliferative 
nephropathy which were maintained after adjustment for confounding factors of sex, age, lipid levels and glycaemic control. 
 
Antihypertensive treatment 
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People with hypertension and diabetic nephropathy 
ACE inhibitors 
Participants assigned to achieve tight blood pressure control in the UKPDS-38 trial required ����DQWLK\SHUWHQVLYH�GUXJV�E\�
study end. 
Multiple trials have consistently demonstrated substantial benefits from ACE inhibitors in people with type 1 and type 2 
diabetes with hypertension and diabetic nephropathy (UAE rates greater than30 mg/day). 
Two systematic reviews of these trials confirmed that ACE inhibitors reduce progression: 
from micro- to microalbuminuria OR=0.38 (95%CI: 0.25–0.57)  
to end-stage renal disease OR=0.60 (95%CI: 0.49–0.73) 
These effects were independent of a reduction in blood pressure 
Authors urge caution when comparing relative risk reductions across different placebo controlled trials 
Angiotensin II receptor blockers 
Two trials report as a secondary outcome, less heart failure among people randomly assigned to A2RBs—however, 
differences were not seen in other important cardiovascular outcomes. 
This inconclusive evidence and the lack of head-to-head comparisons with ACE inhibitors lead authors to continue to 
recommend ACE inhibitors as first line therapy. 
Authors do not specify whether evidence is in people with type 1 or type 2 diabetes 
Evidence on the combination of ACE inhibitor and an A2RB for diabetic nephropathy is preliminary and this treatment cannot 
be endorsed. 
Cardioselective beta-blockers 
UKPDS-39 trial showed apparent equivalence of ACE inhibitors captopril and the cardioselective beta-blocker atenolol was 
underpowered for finding a difference, so this evidence is downgraded.  
Thiazide diuretics 
Post hoc subgroup analyses of the SHEP and the Systolic Hypertension In Europe Follow-Up Study showed reductions in 
major cardiovascular events after treatment with the low-dose thiazide diuretic and the calcium channel blocker nitredipine 
compared with placebo, however, with no RCT evidence to back this up, this evidence is downgraded.  
People without nephropathy 
ACE inhibitors 
Trials directly comparing cardiovascular outcomes between ACE inhibitors and other drug classes in people with diabetes 
lack the power to detect small but clinically important advantages of one drug over another.  
One meta-analysis of four trials showed people with diabetes randomly assigned to ACE inhibitors had statistically significant 
reductions in cardiovascular events (RR=0.49, 95%CI: 0.36–0.67).  
Authors state concerns over statistical heterogeneity in this meta-analysis. 
The Microalbuminuria, Cardiovascular and Renal Outcomes-Heart Outcomes Prevention Evaluation study in 3500 people 
with diabetes and at least one cardiovascular risk factor showed that people randomly assigned to ACE inhibitors had: 
highly significant and clinically important reductions in endpoints of MI, stroke and cardiovascular death: Relative risk 
reduction=25% (95%CI: 12–36%) 
a substantial reduction in the risk of overt nephropathy: Relative risk reduction: 24% (95%CI: 3–40%) 
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These results persisted even after adjustment for the small sBP and dBP reductions (2.2 and 1.4 mmHg respectively) 
Thus vascular benefits of ACE inhibitors are independent of blood pressure effects. 
One randomised controlled multicentre trial provides evidence to support the use of ACE inhibitors in people with 
hypertension and diabetes greater than 55 years (age group included into the trial) and this can be extrapolated to apply to 
people under the age of 55. 
Systematic reviews and RCTs consistently proved the capacity of ACE inhibitors to prevent progression to clinically 
important renal outcomes, including end-stage renal failure in people with diabetic retinopathy. 
One study showed that if ACE inhibitors are prescribed, serum creatinine and potassium levels should be measured at baseline 
and one to two weeks after initiation, or after an increase in dose.  
 
Recommendations: 
People with diabetes should be treated to attain dBP ����PP+J��JUDGH�$��DQG�V%3������PP+J��JUDGH�&� 
People with diabetes and diabetic nephropathy (UAE greater than30 mg/day) an ACE inhibitor is recommended as initial 
therapy (grade A). 
An angiotensin II receptor blocker is an alternative choice (grade A). 
If BP remains ��������PP+J�GHVSLWH�OLIHVW\OH� LQWHUYHQWLRQV�DQG�$&(�LQKLELWRU�RU�$�5%��RQH�RU�PRUH�RI�D�FDUGLRVHOHFWLYH�
beta-adrenergic blocker (grade B). long-acting calcium channel blocker (grade C) or low-dose thiazide diuretic (grade C) 
should be added 
People with a normal urinary albumin excretion (less than30 mg/day) who cannot obtain the target blood pressure despite 
lifestyle interventions, an ACE inhibitor is recommended (grade A for ����\HDUV��JUDGH�%�IRU�people aged less than 55 years).  
If an ACE inhibitor is contraindicated or cannot be tolerated, a cardioselective beta-adrenergic blocker (grade B), long-acting 
calcium channel blocker (grade C), low-dose thiazide diuretic (grade C) or angiotensin II receptor blocker (grade D) can be 
substituted. 
If BP targets cannot be reached despite an ACE inhibitor, ���RI�D�FDUGLRVHOHFWLYH�EHWD-adrenergic blocker, long-acting calcium 
channel blocker, low-dose thiazide diuretic or angiotensin II receptor blocker should be added (grade D). 
People with diabetes and serum creatinine concentration greater than150 mol/l the choice of antihypertensive drugs is the 
same except that a loop diuretic should be substituted for a low-dose thiazide diuretic if control of volume is desired (grade D) 
People with diabetes and a normal UAE rate (less than 30 mg/day) with isolated systolic hypertension, a low-dose thiazide 
diuretic (grade C) or long-acting dihydropyridine calcium channel blocker (grade C) are alternative initial choices to ACE 
inhibitor therapy. 
Alpha-blockers are not recommended as first-line agents for the treatment of hypertension in people with diabetes (grade A) 
Recommendations have not made a distinction between Type 1 and Type 2 diabetes 

Hierarchy of Evidence Grading Ia - Various 
Comments Members of the Canadian hypertension recommendations working group were divided into 14 subgroups. Each subgroup 

worked with a medical librarian to conduct searches.  
Draft position papers were circulated to a group of clinical epidemiologists for their critique 
MEDLINE was searched from March 1999 to March 2001 
Bibliographies of identified articles were hand searched, subject experts and the article authors were asked to supply 
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additional references and Working Group members searched their personal files for relevant materials (search strategies and 
retrieved articles available on request) 
Members were asked to provide details in writing of any potential conflicts of interest and were barred from voting on any 
recommendations for which there was a potential conflict of interest.  
Pharmaceutical companies provided funding, although authors stress they did not have any input into the identification of 
interpretation of the evidence, generation of the recommendations or approval of this manuscript.  
Articles reviewed by a member of the relevant subgroup.  
Internal validity and grading of recommendations based on power and applicability of a given study 
Most subjects in the cited studies have had Type 2 diabetes.  
Recommendations were developed in association  with the Canadian Diabetes association.  
Authors recommend careful consideration when prescribing multiple antihypertensive agents due to the pay off between 
potential benefits from lowered blood pressure versus potential adverse effects and economic costs.  
Further research is needed into the magnitude of blood pressure reduction and the reductions in risk of hypertension-related 
complications in people who are close to target blood pressure levels. 

Trials included  Hansson et al 1998, Curb et al 1996, Hansson et al 1999, Tuomilehto et al 1999, UKPDS-38 1998, UKPDS-33 1998, Laakso 
1999, Meltzer et al 1998, Adler et al 2000, Orchard et al 2001, Accord Trial (in progress), Fodor et al 2000, Kshiragar et al 
2000, ACE Inhibitors In Diabetic Nephropathy Trialist Group 2001, Lewis et al 1993, EUCLID Study Group 1997, Ravid et 
al 1993, Ravid et al 1996 (excluded studies not stated) 

Reference / Citation  193 
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network 2001 Management of Diabetes: A national clinical guideline; Primary prevention 
of coronary heart disease. pg. 15–16 

N= 7 References (4 RCT, 2 meta-analyses) 3 relevant only to Type 2 diabetes 
Location: Scotland 

Research Design Guidelines 
Aim To make recommendations on the primary prevention of coronary heart disease 
Population N/A- various 
Intervention Antihypertensive therapy 
Comparison N/A- various 

Outcome Prevention of cardiovascular complications by the treatment of hypertension, measured by blood pressure levels 
Characteristics N/A- various 
Results  Type 1 diabetes evidence statements 

Antihypertensive therapy 
DCCT and UKPDS randomised controlled trials showed that blood pressure lowering in people with diabetes reduces the risk 
of macrovascular and microvascular disease. 
Target diastolic BP 
One large randomised controlled trial (the HOT study) the lowest incidence of major cardiovascular events in all people 
occurred at a mean achieved diastolic blood pressure of 82.6 mmHg and further reduction below this blood pressure was safe 
in people with diabetes. 
A 51% reduction in major cardiovascular events was seen in the BP target group with �����PP+J�FRPSDUHG� WR� WKH� WDUJHW�
group with BP ����PP+J��S ������ 
Target systolic BP 
In an epidemiological analysis lowest risk was observed in people with systolic BP less than120 mmHg 
Consensus recommendation from the British Hypertension Society is for a target systolic blood pressure of 140 mmHg in non-
diabetic and diabetic people. 
Treatment 
Two meta-analyses of randomised controlled trials have demonstrated that thiazides, beta-blockers, ACE inhibitors and 
calcium channel blockers are all effective in lowering blood pressure and reducing the risk of cardiovascular events.  
ACE inhibitors are recommended as first line therapy in people with microalbuminuria due to their additional benefit on renal 
function. 
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 52 of 80 

Recommendations: 
Type 1 diabetes 
Antihypertensive therapy 
A Hypertension in people with diabetes should be treated aggressively with lifestyle modification and drug therapy. 
A Target diastolic blood pressure in people with diabetes is �����PP+J 
D Target systolic blood pressure in people with diabetes is less than 140 mmHg 
 
No distinction made between Type 1 and Type 2 diabetes 

Hierarchy of Evidence Grading Various 
Comments None 
Trials included  Adler et al 2000, Stratton et al 2000, DCCT Research Group 1993, Hansson et al 1998, Lithell et al 1998, Neal et al 2000, 

Pahor et al 2000, Lewise et al 2001 
Reference / Citation   
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network 2001 Hypertension in older people; Treatment of special groups of older people. 
pg. 31–32 

N= 6 References (6 RCTs) relevant only to Type 1 diabetes. 
Scotland. 

Research Design Guidelines 
Aim Not stated 
Population N/A - various 
Intervention Antihypertensive therapy 
Comparison N/A - various 

Outcome Prevention of cardiovascular and renal problems by blood pressure reduction 
Characteristics N/A - various 
Results  Type 1 diabetes evidence statements 

Target blood pressures 
Target blood pressures used in the major outcome trials are less than130/80 mmHg or 125/75 mmHg when there is proteinuria 
greater than1g/24h 
Prevalence 
Prevalence of hypertension in people with IDDM in the absence of nephropathy is similar to the nondiabetic population. 
Management 
One RCT has shown that decline in renal function in overt diabetic nephropathy is slowed by blood pressure reduction and 
ACE inhibitors. 
Three studies showed that this treatment also delays the progression from microalbuminuric phase to overt nephropathy 
Optimal blood pressure control protects renal function. 
One study showed that ACE inhibition can also protect renal function when proteinuria is present.  
Four studies recommend ACE inhibitors as first line therapy as they have a renoprotective action in overt nephropathy. 
Diuretics, calcium antagonists, cardioselective, beta-blockers and alpha-blockers are all suitable in people without proteinuria. 
Combination therapy is often required 
The maximum recommended and tolerated dose of ACE inhibitor should be used after titrating up. 
Consensus recommendation is that if ACE inhibitor treatment has to be discontinued because of persistent cough, an 
angiotensin II receptor antagonist may be considered, although evidence for renoprotection in humans by this drug class is 
awaited.  
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Recommendations: 
Type 1 diabetes 
A  The threshold for institution of antihypertensive treatment in type 1 diabetes is ��������PP+J 
A  The target blood pressure in Type 1 diabetes is less than130/80 mmHg 
B  In people with proteinuria greater than1g/24h, the target is less than125/875 mmHg 
 
A  ACE inhibitors are recommended as first line therapy for control of hypertension in older people with Type 1 diabetes and 
nephropathy. 
 
A distinction is made between Type 1 and Type 2 diabetes 
 

Hierarchy of Evidence Grading Various 
Comments Systematic review of the literature carried out using an explicit search strategy devised by the SIGN information team 

All searches covered systematic reviews, meta-analysis and randomised controlled trials, extended to cover observational 
studies where appropriate. 
All searches covered: Cochrane Library, Embase, Healthstar and Medline. Where appropriate they also covered CINAHL and 
PsychInfo. 
Years searched: 1991–2000 
All selected papers were evaluated using standard methodological checklists before conclusions were considered as evidence. 

Trials included  Hansson et al 1998, Cooper 1998, Lazarus et al 1997, Lewis et al 1993, Mogensen et al 1995, Parving 1996 
Reference / Citation  194 
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Arauz-Pacheco C, Parrott M, Raskin P 2002 The treatment of hypertension in adult patients with diabetes. Diabetes Care 
25:134–147 

N= People with Type 1 and Type 2 diabetes and hypertension 
Research Design Systematic review 
Aim Not stated. 
Population Not stated. 
Intervention Diet and antihypertensive treatments 
Comparison Not stated. 

Outcome Blood pressure control, cardiovascular complications, microvascular complications 
Characteristics Not stated 
Results  Screening and initial evaluation 

All people should have BP measured at time of diagnosis and at each scheduled diabetes visit. 
Hypertension in diabetes is defined as 130/80 mmHg due to the increased cardiovascular risk associated with BP in diabetes.  
Cardiovascular autonomic neuropathy with significant orthostatic changes in BP is common in diabetes and can cause falsely 
low of high reading depending on the position of the patient when the blood pressure is taken. 
Behavioural treatments of hypertension 
Diet 
One meta-analysis of randomised controlled trials has demonstrated that dietary management with moderate sodium 
restriction has been effective in reducing blood pressure in individuals with essential hypertension. 
Sodium restriction has not been tested in the diabetic population in controlled trials, however in essential hypertension trials 
have shown a sBP reduction of ~5 mmHg  and of dBP of ~2–3 mmHg for restriction from 200–100 mmol/day. 
Reductions of sodium restriction to 10–20 mmol/day have resulted in dBP decreases of 10–12 mmHg. This may be most 
effective in combination with pharmacological treatment.  
A meta-analysis of trials investigating the effects calcium supplementation on blood pressure levels reported a very small 
blood pressure change (mean reduction in sBP – 1.8 mmHg and observed reduction in dBP 0.7 mmHg). 
There are no RCTs on magnesium supplementation in diabetic subjects with hypertension. 
Weight 
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Two controlled studies have shown that weight reduction can reduce blood pressure independently of sodium intake and 
improve blood glucose and lipid levels.  
One study showed a loss of 1 kg body weight resulted in decreases in mean arterial blood pressure of ~1 mg.  
The role of very low calorie diets and pharmacological agents that induce weight loss in the management of hypertension in 
diabetic people has not been adequately studied. 
Given the present evidence weight reduction should be considered an effective measure in the initial management of mild-to-
moderate hypertension, and the results could most likely be extrapolated to the diabetic hypertensive population.  
Physical activity 
The Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure-VI (JNC-VI) 
reported that 30–45 min brisk walking most days of the week has been shown to lower BP. 
Smoking cessation and moderation of alcohol intake are also recommended by the JNC-VI to reduce blood pressure. 
 
Drug therapy 
All available agents produce a similar reduction in systolic and diastolic blood pressure at the doses available for clinical use. 
Nephropathy 
Design of the clinical outcomes trials is not always randomised and the duration of studies vary markedly; however good 
evidence exists for the aggressive management of hypertension in the prevention of advanced renal disease and its mortality. 
One RCT showed Normotensive people with advanced diabetic nephropathy show slower progression compared with 
hypertensive people. 
Type 1 diabetes:  
A large placebo controlled trial of the ACE inhibitor captopril vs. non-ACE inhibitor antihypertensive (placebo, but 
antihypertensive agents given outside study protocol to reduce blood pressure) agents showed significant decrease in the 
progression of diabetic nephropathy (rate of decline in renal function = 11 and 17%/year in captopril and placebo respectively) 
and overt proteinuria. Differences in end points of death were reduced by 50% in the captopril group. Differences between the 
groups in BP were small therefore effect of ACE inhibitors is independent of their antihypertensive effect. 
Several small clinical trials suggest that ACE inhibitors may be beneficial in delaying or preventing the progression of 
nephropathy. 
A meta-analysis of individual patient data for 689 people included in small studies showed a significant decrease in 
progression to microalbuminuria and regression in albuminuria. 
Other microvascular complications 
UKPDS showed a significant 34% reduction in the number of people requiring photocoagulation and a 47% reduction in the 
risk of decreasing vision with tight blood pressure control. BP control was similar in captopril and atenolol groups. However, 
less people were taking atenolol at the end of the study (78% vs. 65%, p less than0.0001) mainly due to a higher incidence of 
peripheral vascular problems and bronchial spasm oEVHUYHG�ZLWK�WKH� -blocker.  
Cardiovascular disease  
Three studies in people with type 2 diabetes:  
The UKPDS-HDS trial showed people with tight blood pressure control had decreased diabetes-related endpoints, and deaths 
related to diabetes and strokes. No difference was seen between the “tight” control group between people treated with atenolol 
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and captopril. After 9 years follow up 29% of people required ����GUXJV�WR�DFKLHYH�WLJKW�FRQWURO� 
The ABCD (n=470) and FACET (n=380) studies compared an ACE inhibitor with a dihydropyridine calcium channel blocker 
on cardiovascular events.  
The former randomised people to enalapril and nisoldipine and a similar reduction in blood pressure was observed with both 
drugs, however, a statistically significant number of people�LQ�WKH�HQDODSULO�JURXS�UHFHLYHG�DGGLWLRQDO� -blockers and thiazide 
diuretics during the study. After 5 years, 25 people in the nisoldipine and 5 in the enalapril (p=0.002) had developed fatal or 
nonfatal MI. This suggests that enalapril has an effect beyond its antihypertensive abilities, or that nisoldipine has a 
deleterious effect. However, MI was a secondary outcome in this study so these results should be treated with caution. 
The latter study showed at mean follow up of 2.9 and 2.4 years after fosinopril (ACEi) or amlodipine (DCCB), 14 and 27 
people developed combined end point of MI, stroke, or hospitalisation for angina (RR=0.49 95%CI:0.26–0.95), respectively. 
Hospitalisation for angina and strokes were responsible for the difference between the drugs (more in the amlodipine group). 
These studies suggest and advantage of ACEis over DCCBs, although this results is controversial and has been the subject of 
numerous conflicting reviews 
In addition to diabetes specific trials, post hoc subgroup analyses of trials with a diabetic component have examined drug 
treatment versus placebo in the treatment of isolated systolic hypertension in older people, studies comparing outcomes in 
participants assigned to different blood pressure targets and trials comparing different drugs.  
Post hoc report of the Systolic Hypertension in Europe (Syst-Eur) trial. People greater than60 years stratified for centre, 
gender and cardiovascular complications were randomised to nitrendipine or placebo. After 2 years follow up blood pressure 
had decreased by 22.1/6.8 mmHg and 13.5/2.9 mmHg in treatment and control groups respectively, with a mean difference of 
8.6/3.9 mmHg. Cardiovascular mortality, strokes and cardiovascular events were reduced by 70, 69 and 57% events in 
treatment group. 19.5 cardiovascular events per 1000 patient years were prevented in the treatment group.  
Post hoc analysis of the Systolic Hypertension in the Elderly (SHEP) trial (n=583, greater than60 years) showed a reduction of 
34% (p less than0.05) cardiovascular events following low-dose thiazide diuretic chlorthalidone vs. placebo (atenolol or 
reserpine were added if target BP was not reached) 
Hypertension Optimal Treatment (HOT) trial was a large scale multinational randomised trial including 1501 people with 
diabetes (of 18790) assigned to three different levels of hypertension control. The group assigned to BP less than80 mmHg 
showed 51% reduction in major cardiovascular events (p=0.005) and 43% cardiovascular mortality (p=0.016) compared to 
those on BP����mmHg. Most people required a combination of ����GUXJV�WR�DFKLHYH�WKHLU�WDUJHW��XVXDOO\�IHORGLSLQH��D�'&&%�
ZLWK�DQ�$&(L�� -blocker, and/or diuretic) 
The captopril prevention project (CAPPP) in 717 people with diabetes showed ACEi treatment with captopril had a 14% 
(95%CI: 1.0–������ORZHU�UDWH�RI�IDWDO�RU�QRQIDWDO�0,��FRPSDUHG�WR�WKRVH�RQ� -blockers and diuretics.  
 
Diuretics 
Thiazide diuretics 
Treatment with thiazide diuretics has been associated with hypokalaemia, hyponatraemia, volume depletion, hypercalcaemia 
and hyperuricaemia. potassium supplementation is advised. 
Evidence from two retrospective, nonrandomised studies suggest increased cardiovascular mortality in diabetic people 
receiving diuretics. 
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Thiazides may not be effective in subjects with significantly decreased renal function, the effect of these drugs on the 
progression of early or advanced diabetic nephropathy have not been studied in large randomised clinical trials. 
Three studies have shown an association between the use of diuretics and low insulin sensitivity in Type 2 diabetics. The 
clinical significance of these trials is unknown. 
In one study of diuretic-based treatment, low-dose thiazide treatment reduced the cardiovascular event rate 34% compared 
with placebo. 
Loop diuretics 
Parving et al showed that furosemide in combination wiWK� -adrenergic blockers significantly reduced the rate of deterioration 
of GFR in people with type 1 diabetes. Use us associated with hypokalaemia, hyponatraemia and volume depletion, therefore 
use is usually in combination with other agents. 
Adrenergic blockers 
Centrally acting agents 
Use is associated with orthostatic hypotension and should be used with caution in people with cardiovascular autonomic 
neuropathy. 
Common side effects include drowsiness, impotence, and dry mouth. Less common are depression and Coombs positive 
anaemia.  

-blockers 
6HYHQ� LQLWLDO� LQWHUYHQWLRQ� VWXGLHV� GHPRQVWUDWLQJ� UHGXFWLRQV� LQ� WKH� UDWH� RI� GHFOLQH� LQ�*)5� XVHG� -blockers and diuretics as 
antihypertensive medications. 
,Q� WKUHH� UDQGRPLVHG�VWXGLHV� LQ�GLDEHWLF�K\SHUWHQVLYH�SHRSOH��DWHQRORO� �D�VHOHFWLYH� �EORFNHU) produced similar reductions in 
proteinuria compared with and ACE inhibitor. 
A long-term study (3.5 years) showed similar reductions in the decline of GFR with atenolol and lisinopril in Type 2 diabetes 
people.  
In UKPDS-+'6�� WKH� � EORFNHU� DWHQRORO� DQG� $&E inhibitor captopril were equally as effective in decreasing the risk of 
diabetes related end points. In some people atenolol treatment was associated with modest weight gain and other side effects 
(cold extremities, intermittent claudication and bronchospasms) and thus a slightly lower compliance rate. 
The UKPDS did not confirm concerns about blunted recovery from hypoglycaemia following -blocker therapy, however it is 
probably prudent to avoid their use in people who have a history of severe hypoglycaemia. 

-adrenergic blockers 
the antihypertensive effects are similar to those of other groups of agents.  
No long term randomised clinical trials examining renal or cardiovascular outcomes have been published 
Initial doses of these agents, in particular prazosin, was associated with orhostatic hypotenstion in one study. 
$Q�RQJRLQJ�PXOWLFHQWUH� WULDO� �$//+$7�VWXG\��KDV� UHFHQWO\� WHUPLQDWHG� WKH� -blocker arm due to an increased incidence of 
cardiovascular events, specifically congestive heart failure (in all people, not just diabetes). 
Calcium channel blockers 
Pharmacokinetics of drugs in this group vary widely making generalisations difficult 
Dihydropyridine calcium channel blockers 
The benefit of DCCBs in reducing cardiovascular events has been seen in two trials in people with type 2 diabetes (Syst-Eur 
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DQG� +27� WULDOV�� DOWKRXJK� PRVW� SHRSOH� ZHUH� DOVR� UHFHLYLQJ� D� -blocker of ACE inhibitor to achieve BP, so the effect of 
monotherapy with DCCBs is unclear. 
The ABCD and FACET studies suggest that DCCB treatment is inferior to ACEis with respect to protecting against 
cardiovascular events. 
Short-acting DCCBs are not licensed for use in the treatment of hypertension. 
A recent meta-analysis suggests that DCCBs may be equivalent in protecting against stroke but less effective in reducing MI 
and coronary events than�$&(�LV�� -blockers of diuretics. 
Most studies have not found significant differences between DCCBs and other agents with respect to diabetic nephropathy, 
except on retrospective study which showed increased proteinuria in diabetes with nifedipine. Caution is warned when 
interpreting clinical trials using DCCBs due to the different pharmacokinetic differences between these drugs. 
Non-dihydropyridine calcium channel blockers 
Three small studies have shown decreased proteinuria in people with diabetic nephropathy, but long-term studies showing a 
reduction in the rate of fall of GFR have not been carried out. 
ACE inhibitors 
ACE inhibitors have been extensively studied in the management of nephropathy and are effective in prevention progression 
of this complication.  
The UKPDS-+'6�VKRZHG�VLPLODU�EHQHILFLDO�HIIHFWV�RI� WKH�$&(� LQKLELWRU�FDSWRSULO� DQG� WKH� -blocker atenolol on diabetes-
related mortality and microvascular and cardiovascular complications in people with type 2 diabetes 
Most common side effects of ACEis include cough and occasionally acute decreases in renal function. Hyperkalemia can be 
seen in people with renal insufficiency, bilateral renal artery stenosis and hyporeninemic hypoaldosteronism. 
A2RBs 
Three studies in people with type 2 diabetes have shown A2RBs to retard the progression of albuminuria and development of 
progression in nephropathy. Data on long term cardiovascular outcomes are limited. 
Combinations of antihypertensive therapy 
Many studies of combinations of antihypertensive therapy have been published combining diuretics with adrenergic blockers 
in nephropathy studies, and ACE inhibitors in combination with diuretics and calcium channel blockers. Generally one drug 
antagonises the other. 
The superiority of one combination regime over another has not been documented, however, achieving recommended BP 
targets in diabetes will certainly require ����GUXJ�LQ�PRVW�SHRSOH�DQG����LQ�PDQ\� 
 
Conclusions 
Diabetic people with sBP ������PP+J�RU�G%3�JUHDWHU�WKDQ���PP+J�DUH�FDQGLGDWHV�IRU�DQWLK\SHUWHQVLYH�WUHDWPHQW� 
In people with blood pressures between 130/80 and 140/90 mmHg a behavioural approach may be used for ���PRQWKV 
Because of the large number of studies in people with diabetes demonstrating improvement in a range of outcomes, including 
progression of nephropathy, cardiovascular events, and mortality, it its now established practice to begin hypertensive people 
with diabetes without (and with in type 1 diabetes) on and ACE inhibitor. 
If target blood pressure goal is not obtained with the initial doses of first-line drugs, increases in doses are recommended or 
the addition of a second drug from a different group. 
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Most people will require ���GUXJ� WR� UHDFK� WKH� WDUJHW� UHFRPPHQGHG��ZKLFK�PD\�EH�PRUH� LPSRUWDQW� WKDW� WKH�SDUWLFXODU�GUXJ�
regimen used.  
Implications for future research 
The ideal strategy for treating hypertension in diabetes is still unclear. There are few head-to head comparisons of 
interventions measuring viable outcomes rather than metabolic parameters and blood pressure lowering.  
There is limited data regarding the use of entire classes of antihypertensive agents, such as alpha-blockers, in the treatment of 
hypertension. 
 
Recommendations: 
A  People with diabetes should be treated to a diastolic blood pressure less than80 mmHg  
A  People with a sBP of 130–139 mmHg or dBP 80–89 mmHg should be given lifestyle/behavioural therapy alone for a 
maximum of 3 months and then, if targets are not achieved, should also be treated pharmacologically  
A  People with hypertension (sBP ����� PP+J� RU� G%3� ���� PP+J�� VKRXOG� UHFHLYH� GUXJ� WKHUDS\� LQ� DGGLWLRQDO� WR�
lifestyle/behaviour therapy 
A  Initial drug therapy may be with ACE inhibitors, A2Rbs, beta-blockers or diuretics. Additional drugs may be chosen from 
these classes or other drug class. 
A  In hypertensive people with microalbuminuria or clinical albuminuria, and ACE inhibitor or an A2RB should be strongly 
considered. Of one class is not tolerated, the other should be substituted 
A  In people greater than 55 years with hypertension or without but with another cardiovascular risk factor and ACE inhibitor 
should be considered to reduce the risk of cardiovascular events. 
A  In people with a recent MI, beta-blockers, in addition, should be considered to reduce mortality. 
 
B  People with diabetes should be treated to a systolic blood pressure of less than 130 mmHg 
C  In people with microalbuminuria or overt nephropathy, in whom ACE inhibitors or A2RBs are not well tolerated a non-
DCCB should be considered. 
Expert consensus 
If ACE inhibitors or A2RBs are used, monitor renal function and serum potassium levels 
In elderly hypertensive subjects, blood pressure should be lowered gradually to avoid complications 
People not achieving target blood pressure on three drugs, including a diuretic, and people with severe renal disease should be 
referred to a specialist experienced in the care of people with hypertension. 
No distinction is made between people with type 1 and type 2 diabetes 

Hierarchy of Evidence Grading 1a 
Comments Systematic review of the medical literature that has been peer reviewed by the American Diabetes Association’ s Professional 

Practice Committee 
Report forms the basis of American Diabetes Association guidelines on Treatment of Hypertension in Diabetes 
Databases searched: MEDLINE for English language articles 
Years searched: 1996– 
Scientific evidence supporting the ADA recommendations quality assessed in accordance with the recent advances in 
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evidence based medicine. 
Trials included  Unspecified diabetes: ADA 2002, Bakris et al 1997, Brown et al 2000, Curb et al 1996, Cutler et al 1997, Davis et al 1996, De 

esaris et al 1993, Elving et al 1989, Epstein et al 1996, Furberg et al 1995, Haire-Joshu et al 1999, Hanson et al 2000, Hansson 
et al 1999a, Hansson et al 1999b, Heal et al 1998, Heart Outcomes Prevention Evaluation Study Investigators 2000, Joint 
National Committee on Prevention Detection Evaluation and treatment of High Blood pressure (JNC VI) 1997, Kaplan et al 
1998, Krezesinki et al 1993, Lender et al 1999, Lewis et al 1993, Marre 1998, Maser et al 1990, McMahon et al  2000, 
Melbourne Diabetic Nephropathy Study Group 1991, Midgley et al 1996, Mogensen 1982, Mogensen et al 2000, Moore & 
McKnight 1995, Parving et al 1987, pinol et al 1996, prince et al 1988, Rimmer et al 1987, Schottal & Stunkerd 1990, 
Staessen et al 1989, Tuomilehto et al 1999, van zwieten et al 1984, Warram et al 1991 
Type 1 diabetes: ACE inhibitors in Diabetic Nephropathy Trialist Group 2001, Cooper 1998, Hansson et al 1998, Hermans et 
al 1992, Lazarus et al 1997,  Lewis et al 1993, Mathiesen 1991, Mogensen et al 1995, Parving 1996, Parving et al 1988, 
Rossing et al 1997 
Type 2 diabetes: Appropriate Blood Pressure control in Diabetes (ABCD) trial, Bakris et al 1996 Estacio et al 2000, Fosinipril 
vs. Amoldipine Cardiovascular Randomised Events Trial (FACET), Harper et al 1995, Lewis et al 2001, Neilsen et al 1997, 
schineider et al 1996, Tatti et al 1998, UKPDS-38 1998, UKPDS-39 1998, UKPDS-HDS 

Reference / Citation   
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Lievre M, Gueyffier F, Ekbom T, Fagard R, Cutler J, Schron E, Marre M, Boissel JP for the INDANA steering group 2000 
(IILFDF\�RI�GLXUHWLFV�DQG� -blockers in diabetic hypertensive patients. Diabetes Care 23:65–B71 

N= 18097 people participating in 4 trials in which diabetic people were included from a possible database of 53799 people from 
11 large randomised controlled trials.  
Diabetics=2254, nondiabetics=15843. 
Location: Europe and USA. 

Research Design Meta-analysis. 
Aim To review the effectiveness of diuretic or beta-blocker-based treatment of hypertension in diabetic patients. 
Population N/A 
Intervention Systemic antihypertensive drug treatment. 
Comparison Placebo, no treatment, or a nonsystemic treatment of hypertension. 

Outcome Relative risk of death, fatal or nonfatal stroke, fatal or nonfatal coronary events and major cardiovascular events. 
Characteristics N/A 
Results  In all trials diuretics were used as the first line treatment (1008 people) except STOP-+�� LQ�ZKLFK����SHRSOH� UHFHLYHG�D� -

blocker and 42 a diuretic. 
Compared with people without diabetes, those with diabetes were older by 2.2 years (p less than0.001), had higher sBP 
(p=0.002), slightly lower dBP (p=0.042), higher heart rate (p=0.026) and total cholesterol (p=0.01), BMI and blood glucose (p 
less than0.001) but similar creatinine clearance. 
Baseline characteristics did not differ between people with diabetes receiving treatment or placebo. 
Results of antihypertensive therapy in people with diabetes 
Risk of death from any cause was decreased by 5% (95%CI: –18 to 23%, p=0.65) compared to controls 
Risk of fatal or nonfatal coronary events were decreased by 15% (95%CI: –11 to 35%, p=0.23) compared to controls 
Risk of fatal and nonfatal strokes were significantly decreased by 36% (95%CI: 10 to 55%, p=0.011) compared to controls 
Risk of major cardiovascular evens were significantly decreased by 20% (95%CI: 2 to 34%, p=0.032) compared to controls 
No significant difference was seen in cardiovascular or noncardiovascular death was seen between the treatment and control 
groups. 
Number of avoided outcomes by treating 1000 people for 5 years: 
Death from any cause: 8/157 (NS) 
Fatal or nonfatal stroke: 29/81  
Fatal or nonfatal coronary events: 17/115 (NS) 
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Major cardiovascular events: 38/189 
Sensitivity analysis excluding 1 heterogeneous trial (referred care instead of placebo, 44% people received antihypertensive 
therapy at any time during follow up) halved the number of people with diabetes included in the analysis (2254 to 1006) thus 
decreasing study power.  
Decrease in treated and control groups was no longer significant for any outcome 

Hierarchy of Evidence Grading 1a 
Comments A sensitivity analysis was performed by excluding one trial from the meat-analysis that differed by its design from the other 

trials 
Study comparing the difference in relative risk between diabetics and nondiabetics and those in the treatment and control 
groups. 
EWPHE study was only used for the analysis of mortality and the reporting of nonfatal events was affected by a censoring 
bias.  
46 people had an unknown diabetic status: 13 in the STOP trial and 33 in the SHEP trial. These people were excluded from 
the meta-analysis 
Three additional studies were identified that were not in the INDANA database but which included people with diabetes. Two 
of these studies did not provide subgroup findings for diabetic people. 
Heterogeneity seen between trial study design. 
Four trials included for mortality, three trials for other outcomes.  
Studies from the database held by the INDANA group, no systematic search was performed. 
Relative risk of each outcome in the treated group compared with the control group estimated according to the log-algorithm 
of the relative risk method and are presented with 95%CIs 
Chi-squared tests carried out for homogeneity between individual trial results.  
Studies up to 1991 

Trials included  The Hypertension Detection and Follow-up Programme (HDFP) 1979, European Working Party on High Blood Pressure in 
the Elderly (EWPHE): Amery et al 1985 (for mortality outcomes), Swedish Trial in Old Patients with Hypertension (STOP-
H):Dalhof et al 1991 and Systolic Hypertension in the Elderly Program (SHEP) 1991 

Reference / Citation   
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Schwarz SL, Hanson C, Lucas C, Rosenblatt S, Rosenstock J, Whitter F, Wistran D, Riche C, Mulcahy WS 1993 Double-
blind, placebo controlled study of ramipril in diabetic with mild to moderate hypertension. Clinical Therapeutics 15 (1): 79-87 

N= 58 IDDM or NIDDM 
Seven participating centres in the USA 

Research Design Double blind placebo controlled multicentre study 
Aim To evaluate the efficacy and safety of the long-acting angiotensin converting enzyme inhibitor ramipril in patients with 

insulin-dependent or non-insulin-dependent diabetes mellitus 
Population Men and women between 18 and 80 years with mild to moderate hypertension and NIDDM or IDDM  

People were excluded if they had an inability to withdraw antihypertensive medication, contraindication to ACE inhibitor 
therapy, poorly controlled diabetes, medical problems making them unsuitable to study, investigational drug therapy, 
concomitant medications that would interfere with data interpretation or interact with study medication, pregnancy or nursing. 

Intervention N=26 Long acting angiotensin converting enzyme inhibitor ramipril (2.5 mg) 
 

Comparison N=27 2.5 mg placebo once daily. 

Outcome Blood pressure measured by mercury sphygmomanometer 24 h after treatment and supine BP performed in triplicate at 1 min 
intervals 

Characteristics age (years): ramipril = 58.2±5.5, placebo = 56.4±9.4; males: ramipril =16, placebo = 21; IDDM: ramipril = 4, placebo = 9 
Results  Five people were not evaluable because of baseline supine dBP less than95 mmHg (n=4) and 1 unstable baseline dBP. 

Most participants were white middle-aged men with NIDDM 
Three people stopped treatment, all in the placebo group, 2 because of lack of efficacy, 1 due to adverse event—these people 
were included in the efficacy and safety analyses.  
Efficacy 
54% people in the ramipril group and 19% in placebo group maintained target blood pressure 24 h after receiving the drug 
(p=0.008) 
Ramipril decreased mean supine sBP/dBP from 161/99 to 152/91 mmHg (p ������� IRU� ERWK� SDUDPHWHUs). Changes in the 
placebo group: 164/99 to 162/99 (sBP nonsignficant, dBP: p��������S�OHVV�WKDQ�����EHWZHHQ�WKH�WZR�JURXSV� 
Heart rate, mean body weight, blood glucose, plasma lipid levels and creatinine clearance were unchanged in both ramipril 
and placebo groups. 
HbA1c was unchanged in the ramipril group and increased in the placebo group (5.9 to 6.1% (p�������� 
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Serum potassium also increased in the placebo group throughout the treatment period 
Adverse events 
Adverse events occurred in 19 people (73%) in the ramipril group and 20 people (74%) in the placebo group. 
3 adverse events in the ramipril group and 4 in the placebo group were considered possibly related to treatment. 
In the ramipril group: 1 case each of dizziness, hypotension and epigastric fullness. No one  stopped treatment 
In the placebo group: 1 case each of dizziness, headache, insomnia and pedal oedema (participant stopped treatment). 
Compliance 
No participants in either group were discontinued from the study because of noncompliance with drug therapy. 

Hierarchy of Evidence Grading 1b 
Comments Participants underwent single blind 4 week wash out period in which they stopped previous antihypertensive therapy and took 

placebo 
People who had supine dBP ����PP+J�DQG������PP+J�RQ�WKH�ODVW�WZR�YLVits were included in the study.  
Mean value from the last two washout visits was used as baseline for efficacy analysis 
Each patient underwent titration and maintenance phases for a total treatment period of 12 weeks 
At beginning of titration participants were randomly assigned to ramipril or placebo. 
Over 4 weeks titration epriod doses were increased at weekly intervals from 2.5 to 5 mg, 5 to 10 mg, and 10 to 20 mg until 
maximum dose (20 mg) or target BP (dBP����PP+J�RU�UHGXFHG�����PP+J�IURP�EDVHOLQH�� 
Participants not achieving target BP could remain in the study at their investigators discretion.  
Brief physical examination and blood pressure measurements taken weekly during washout and titration phases and every 4 
weeks during maintenance period.  
Compliance evaluated by capsule count, people taking less than80% of scheduled medication were discontinued from the 
study because of noncompliance 
Adverse events were determined at each clinic visit 
Group differences compared using ANOVA or Cochran-Mantel-Haenszel tests.  
No details given of randomisation process or any concealment of allocation 
No details given of blinding of participants or investigators 
No power analysis provided for the study 
Study period is short, maintenance period = 8 weeks 
Blood pressure only measured twice during the maintenance period at 4 week intervals 
Authors conclude that ramipril lowers blood pressure without aggravating other risk factors for vascular disease (measured in 
this study as carbohydrate or lipid metabolism). 
 

Reference / Citation  198 
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Ferrier C, Ferrari P, Weidmann P, Keller, U, Beretta-Piccoli C, Riesen WF 1992 Swiss hypertension treatment programme 
with verapamil and/or enalapril in diabetic patients. Drugs 44:74–84 

N= 54 hypertensive people with IDDM and normal serum creatinine levels. 
Location: Switzerland. 

Research Design Prospective randomised open trial 
Aim To assess the efficacy and tolerability of diuretic-free antihypertensive therapy with a calcium antagonist and/or an 

angiotensin converting enzyme (ACE) inhibitor in people with diabetes mellitus. 
Population Men and women aged 18–65 years with IDDM or NIDDM and elevated BP 

People were excluded if they had severe (dBP greater than115 mmHg) or malignant hypertension, secondary forms of 
hypertension, brittle diabetes, proliferative diabetic or grade III to IV hypertensive retinopathy, serum creatinine ����� PRO�O��
nephropathy of a nondiabetic origin, history of cerebrovascular insulin, MI or angina, congestive hear failure, ischaemic 
microangiopathy, other endocrine disease, clinical or laboratory evidence of liver disease, treatment with drugs for other 
diseases, noncompliance with tablet intake during the placebo phase. 

Intervention Calcium channel antagonist Verapamil 240 mg/day. 
Comparison ACE inhibitor enalapril 20 mg/day, once daily. 

Outcome Blood pressure 
Secondary outcome UAE as related to creatinine excretion 

Characteristics Sex (M/F): 27/27; Age (years): 57 (range 24–73); IDDM: 7; mean duration of diabetes: 7.5 years; mean duration of 
hypertension: 6.9.6 years 

Results  Study population 
56 people fulfilled the inclusion criteria at the end of the placebo phase and entered the active treatment phase 
2 people because of side effects during the initial 10 weeks of active treatment.  
Response to treatment 
Blood pressure 
67% of participants (n=36) responded satisfactorily to treatment with either verapamil or enalapril alone.  
Introduction of combination therapy increased the overall response to 87% 
10 weeks of monotherapy reduced dBP to less than85 to 90 mmHg or by 10 to 25 mmHg in 19/31 verapamil participants and 
17/23 enalapril participants.  
Verapamil (mean dose265±17 mg/day) reduced BP from 159/98 mmHg to 144/88 mmHg (p less than0.001)  
Enalapril (mean dose 24±3 mg/day) reduced BP from 166/99 mmHg to 146/88 mmHg (p less than0.001) 
Continuation of therapy up to 30 weeks maintained BP at stable, well controlled levels 
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18 people on combination therapy reduced BP from 169/104 mmHg to 151/90 mmHg by the end of the trial (p less than0.001) 
Final doses of drug therapy differed between the two subgroups originally randomised to the two monotherapies (combination 
verapamil then enalapril: 360 mg/day and 25 mg day, respectively ; and enalapril then verapamil: 40mg/day and 360 mg/day, 
respectively)   
A further significant reduction in BP was seen with combination therapy when compared to 10 weeks monotherapy: 
Addition of enalapril to verapamil produced mean dBP decrease from 114 to 108 mmHg (p less than0.05) 
Addition of verapamil to enalapril produced only a minimal further decrement in dBP from 118 to 115 mmHg  
Pre-verapamil BP levels were slightly lower than pre-enalapril values and mean reductions in sBP and dBP as well as % 
changes in sBP were on average slightly less on verapamil than on enalapril (p less than0.05) 
Mean BP responses to therapy did not differ between IDDM and NIDDM participants.  
Heart rate was not modified by either therapy administered alone or in combination. 
Glycaemic control 
Fasting plasma glucose levels decreased transiently after 10 to 20 weeks of verapamil or enalapril monotherapy (p less 
than0.05) and remained decreased throughout the period of combination therapy (p less than0.05) compared to pre-
intervention placebo levels. 
Serum fructosamine, C peptide, gHb and body weight were not significantly modified throughout the study 
Lipoprotein profile 
Basal values of serum total and LDL cholesterol were above limits of increased risk of atherosclerosis.  
Serum cholesterol, and total triglycerides did not correlation with mean or dBP or with indices of carbohydrate metabolism or 
age and were not modified by any of the interventions in the study. 
Renal indices 
24 participants had normal UAE at treatment outset, 20 showed UAE in the range of microalbuminuria and 10 in the range of 
clinical proteinuria. 
Despite marked individual differences, serum creatinine tended to decrease slightly in the majority of participants when 
enalapril was administered as the initial drug and sometimes when added to verapamil 
An increase in UAE seen in the enalapril group after 30 weeks monotherapy was largely due to a marked increase in 1 patient 
with pre-existing clinical proteinuria.  
Subgroup analysis of people with microalbuminuria at outset, enalapril monotherapy reduced UAE from 78 to 20 after 10 
weeks (n=10, p less than0.05) but UAE was unchanged in the verapamil group after 10 weeks (45 to 44, n=8) 
Variations in UAE during treatment with verapamil or enalapril alone or combined did not correlate with changes in BP. 
Adverse reactions 
Both drugs were generally well tolerated 
Minor side effects, largely reported at the beginning of therapy included: mild ankle oedema, dizziness during exercise, nasal 
obstruction or dysgeusia in 8 of the verapamil group, and ankle oedema or nasal obstruction in 3 people in the enalapril group. 
At the end of treatment fatigue, somnolence, nasal obstruction, dizziness during exercise or ankle oedema were reported by 8 
participants on combination therapy. 
Severe side effects were only reported in 2 people, who discontinued treatment after 2 to 4 weeks: one on enalapril who 
experienced severe cough and the other in the verapamil group who developed ankle oedema and obstipation. 
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Hierarchy of Evidence Grading 1b 
Comments Trial length = 9 months divided into three treatment periods.  

Participants underwent 2 week washout period when pre-existing antihypertensive medication was withdrawn 
Those with dBP remained in the range of 90–115 mmHg were randomised into 2 treatment groups 
Study periods: 
During an initial 4 week placebo run-in period, participants received placebo tablets matching either verapamil or enalapril 
In the second period (weeks 5 to 15) placebo was replaced by verapamil or enalapril 
At week 8 treatment was doubled in nonresponsers by applying dose twice daily.  
During the third period (weeks 15–34) participants who were still hypertensive received the 2 drugs in combination starting at 
week 15 with verapamil 240 mg/day and enalapril 20 mg/day, once daily. 
At week 18 in persistent nonresponders the dosage of the initial drug applied at randomisation was doubled (480 mg 
verapamil or enalapril 40 mg, daily) 
At week 22 the double dosage of both drugs was administered. 
Blood pressure was recorded at weeks 0, 2, 4, 8, 12, 14, 18, 22, 24, 28, 32, 34 
Subjective symptoms were evaluated by questionnaire 
Compliance with treatment was assessed by pill count 
No discussion of randomisation process or any concealment of allocation 
No blinding of participants or investigators leaving possibility for bias 
No power analysis; sample size is small. 
Many subgroup analysis on people who exhibit some heterogeneity at study outset 
Side effects of treatment are considered. The less pronounced decreases in verapamil treatment may in part be due to a mild 
difference in pretreatment BP on placebo. Similarly people responding satisfactorily to either verapamil or enalapril alone had 
a milder degree of hypertension than those requiring monotherapy. 
Whether these drugs are similarly effective in type 1 and type 2 diabetics requires further evaluation as majority of people are 
NIDDM 

Reference / Citation  199 
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / 
Yr  

Gerdts E, Svarstad E, Aanderud S, Myking OL, Lund-Johansen P, Omvik P 1998 Factors influencing reduction in blood 
pressure and left ventricular mass in hypertensive Type 1 diabetic patients using captopril or doxazosin for 6 months. 
American Journal of Hypertension 11:1178–1187 

N= 33 hypertensive IDDM  
Location: USA 

Research Design Open Randomised trial 
Aim To examine the effect of doxazosin versus captopril on blood pressure, albuminuria, and left ventricular mass. 
Population Hypertensive insulin dependent diabetics. 
Intervention Captopril n=17.  ACE inhibitor: 12.5 mg Captopril given b.i.d titrated up to a maximum daily dose of 200mg.  
Comparison 'R[D]RVLQ�Q ����� �-receptor blocker: 1 mg doxazosin given once daily with dose titration up to a maximum daily dose of 16 

mg 
treatment aiming ant a causal blood pressure of 135/85 mmHg. 

Outcome Casual blood pressure, nonfasting blood glucose, glycosylated Hb 
Characteristics Age (years): 45±10 (range 24–67); sex (M/F): 24/9; duration of diabetes (years): 18±8 
Results  All participants completed the study without recording side effects 

Mean treatment period = 31 weeks (20–44 weeks) 
Left ventricular mass 
LVM did not change significantly in the total study population during treatment.  
There were no significant echocardiographic differences between the two groups 
In the 13 participants (7 in captopril and 6 in doxazosin groups) with left ventricular hypertrophy at baseline, LVM was 
reduced by an average of 25% during treatment (p less than0.001) (27 and 23% respectively in the two groups) 
No differences in age, blood pressure, plasma epinephrine or norepinephrine, or daily excretion of sodium was seen between 
participants with and without left ventricular hypertrophy. The reduction in casual blood pressure and 24h BP was also similar 
during treatment. 
Blood pressure 
No difference was seen at baseline between the two groups. 
Reduction in casual blood pressure during treatment: captopril = 163/95 to 144/83 mmHg, doxazosin = 160/93 to 145/86 
mmHg (both p less than0.01) 
Reduction in 24h BP: captopril = 152/86 to 145/81 mmHg, doxazosin = 156/86 to 147/79 mmHg 
Reduction in mean daytime and nighttime blood pressures: captopril = 7/4 and 13/5 mmHg (both p less than0.05), 
respectively, doxazosin 11/7 mmHg (p less than0.01) and 2/4 mmHg respectively. 
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Causal BP 
People achieving casual BP ��������PP+J�FDSWRSULO�Q ����������GR[D]RVLQ�Q �������� 
People achieving target causal BP ���������PP+J��FDSWRSULO�Q ���GR[D]RVLQ�Q � 
24 h ambulatory BP 
People achieving target 24h BP ���������PP+J��FDSWRSULO�Q ���������GR[D]RVLQ n=5 (31%) 
People achieving target Bp were significantly younger (p less than0.01) with lower baseline BP (p less than0.05) compared to 
those who did not. 
No differences were seen in HbA1c in either group before or after treatment.  
Albuminuria fell during treatment from 654 to 296 mg/24h in the total study group, no significant difference was seen 
between either group. 
No difference was seen in albuminuria at baseline or study end between people achieving target BP and those who did not.  
Creatinine clearance, daily sodium excretion at baseline and at the study end did not differ between the two treatment groups. 
Correlations and multivariate analysis 
A significant positive association was found between LVM, dietary sodium intake, blood volume, age, weight and creatinine 
clearance at baseline and at the end of the study.  
A significant correlation was found between LVM and achieved causal BP at the end of the treatment period. 
Achieved 24hBP on treatment was positively associated with HbA1c and plasma atrial natriuretic peptide and causal BP ( 
both p less than0.01) 
No significant correlation was seen between albuminuria and blood pressure and LVM or between change in albuminuria and 
change in BP or LVM during the study.  

Hierarchy of Evidence 
Grading 

1b 

Comments Follow up = 6 months 
Outcomes measured biweekly during the 1st month of the treatment period and every fourth week thereafter 
Secondary hypertension, other than renal parenchmal hypertension was ruled out by conventional laboratory tests prior to 
study initiation.  
35 participants recruited consecutively referred from the Diabetic outpatient clinic were recruited into the study. 
One participant reconsidered after baseline examinations and another on captopril dropped out of the study due to persistent 
cough.  
23 participants had previously received antihypertensive treatment (19 ACE inhibitors (9 captopril, 8 enalapril, 2 lisinopril) 3 
doxazosin and 1 felodipine). 10 participants were previously untreated. 
All previously treated participants had their medication stopped for 4 weeks before entering the study.  
All participants received insulin multi injection therapy (short-acting insulin before every meal and long-acting insulin as 
evening dose) 
11 participants had clinical nephropathy, 8 incipient nephropathy, 14 participants had normoalbuminuria 
Statistical analysis with nonparametric tests, single correlations and multiple regression analysis using SPSS 
Baseline demographic characteristics not presented by group. 
No power analysis 
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No blinding 
No details of randomisation procedures or any concealment of allocation 
Authors state: study shows doxazosin and captopril are equally effective in reducing LVM in hypertensive IDDM with left 
ventricular hypertrophy. Also doxazosin and captopril are equally effective in reducing both causal and mean ambulatory BP 
in hypertensive IDDM. Glycaemic control reduces the effect of antihypertensive therapy. 
Actual doses of drug therapy not given. 

Reference / Citation   
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 72 of 80 

 
 

 
 

Q 36 In adults with Type 1 diabetes and hypertension what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Lindholm, L. H., Ibsen, H., Dahlof, B., Devereux, R. B., Beevers, G., De Faire, U., Fyhrquist, F., Julius, S., Kjeldsen, S. 
E., Kristiansson, K., Lederballe-Pedersen, O., Nieminen, M. S., Omvik, P., Oparil, S., Wedel, H., Aurup, P., Edelman, J., 
& Snapinn, S. 2002, "Cardiovascular morbidity and mortality in patients with diabetes in the Losartan Intervention For 
Endpoint reduction in hypertension study (LIFE): A randomised trial against atenolol", Lancet, vol. 359, no. 9311, pp. 
1004-1010 

N= n=1195: Losartan =586, Atenolol =609 
International 
Multi centre study, number of sites not stated 

Research Design Randomised controlled trial  
Aim The study compared the effects of losartan and atenolol on cardiovascular morbidity and mortality in diabetic patients 
Population Mixed diabetes cohort 

Patients aged 55-80 years with hypertension and signs of LVH 
Diabetes mellitus defined as according to the 1985 WHO criteria 

Intervention An intervention of 50 to 100mg Losartan orally once daily 
Comparison Compared with Atenolol at 50 to 100mg orally daily as a continuous treatment 
Outcome Primary outcome is a composite of cardiovascular mortality, stoke and myocardial infarction, follow up 4 years 

minimum. 
Tests were done at two laboratories that assured comparability of measurements by cross-validation, and all 
electrocardiograms were coded at the same electrocardiogram core centre. Endpoints were included in analyses only if 
confirmed by the endpoint committee 

Characteristics Age =67yrs, Male =47%, Type 1 diabetes = unknown, mean blood pressure 177/96. 
Results  Primary endpoints occurred in (n=242) 20% patients during 5596 patient-years of follow-up. In the losartan group 

(n=103) 18% and (n=139) 23% in the atenolol group adjusted relative risk 0.76 (95% CI 0.58 to 0.98) (p=0.031). 
Unadjusted RR 0.73 (95% CI 0.57 to 0.95)   
Died from all causes (RR 0.61, 95% CI 0.45 to 0.84 adjusted), (p=0.002). 
Adjusted RR of death from cardiovascular disease 0.63, (95% CI 0.42 to 0.95) (p=0.028)  
Stroke no significant difference found between groups 
Admitted to hospital for heart failure (RR 0.59 (95% CI 0.38 to 0.92) (p=0.019) 
Systolic, diastolic, and mean blood pressures fell substantially in both groups, these results were not much different in 
LIFE patients without diabetes. 
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Fewer patients in the losartan group (n=2) 0.3% stopped taking the study drug because of serious drug-related adverse 
events than in the atenolol Group (n=9) 2%, (p=0-065). 

Hierarchy of Evidence 
Grading 

Ib 

Comments A pre-specified subgroup analysis with randomisation to either interventions 9assuming block randomisation in initial 
trial 
Diabetes is an independent stimulus for LVH,24 an effect that is magnified by hypertension. 
No difference in statistic significance with adjusted of unadjusted analysis for any of the outcomes studied. 
Other agents (but not (3-blockers, angiotensin-converting enzyme inhibitors, or angiotensin-II antagonists) if blood 
pressure remained high during follow-up.’  1195 Groups were also well balanced for treatment with lipid-lowering drugs 
and aspirin during the study (table 2). Treatment for diabetes was at the discretion of patient’ s physicians 

Reference / Citation  
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  Ramsay LE, Williams B, Johnston GD, Macgregor GA, Poston L, Potter JF, Poulter NR, Russell G 1999 Guidelines for 
management of hypertension: report of the third working party of the British Hypertension Society. Journal of Human 
Hypertension 13:569–592 

N= Majority randomised controlled trials 
UK guidelines 

Research Design National consensus guidelines 
Aim To make recommendations on the management of hypertension 
Population N/A - various 
Intervention Management of hypertension 
Comparison N/A - various 

Outcome N/A - various 
Characteristics N/A - various 
Results  Hypertension in Type 1 diabetes without nephropathy 

Principles of management of people with type 1 diabetes and hypertension, not complicated with diabetic nephropathy is 
similar to that recommended for people with Type 2 diabetes 
One trial reported a dramatic survival benefits in its elderly diabetic cohort treated with antihypertensive therapy  
In the diabetic cohort of the HOT study, blood pressure lowering improved cardiovascular outcome and there were 50% fewer 
cardiovascular end-points when diastolic BP was titrated beyond less than90 mmHg to less than80 mmHg.  
Studies have shown that ���DQWLK\SHUWHQVLYH�GUXJV�DUH�XVXDOO\�UHTXLUHG�WR�DFKLHYH�RSWLPDO�OHYHOV�RI�EORRG�SUHVVXUH�FRQWURO�LQ�
type 2 diabetes. 
One study has suggested that regimens based on ACE-inhibition (captopril) and beta-blockade (atenolol) were equally 
effective at reduction macrovascular complications. However, this study was too small to exclude a difference. 
Subgroup analyses of outcome trials have shown that other classes of antihypertensive drugs. E.g. diuretics and dihyropyridine 
calcium antagonists also improve the prognosis of diabetics with hypertension.  
The optimum first-line drug is yet to be established but there is evidence of the safety and efficacy of ACE-inhibitors, 
dihydropyridine calcium antagonists, low dose thiazide diuretics and beta-blockers.  
The choice among these drug classes should be determined using the criteria set out for people without diabetes. 
Type 1 diabetes and diabetic nephropathy 
Hypertension often indicates the presence of diabetic nephropathy 
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BP reduction and ACE inhibitor treatment slow the rate of decline of renal function in overt diabetic nephropathy and delay 
progression from the microalbuminuric phase to overt nephropathy  
ACE-inhibitors may have specific renoprotective action in people with incipient or overt nephropathy and are recommended 
as first-line therapy. 
If ACE inhibitor therapy must be discontinued due to persistent cough, angiotensin II receptor antagonist may be considered, 
although evidence of this drug class is awaited from ongoing clinical trials 
ACE inhibitor dose should be titrated to maximum recommended and tolerated. 
For renoprotection, BP control is most important and combinations of antihypertensive drugs are invariable required to 
achieve recommended blood pressure targets.  
Thiazide diuretic, calcium antagonists, cardioselective beta-blockers and alpha-blockers are all suitable.  
In the presence of nephropathy target BP ��������PP+J��DQG�WDUJHW�%3�OHVV�WKDQ�������PP+J��RU�ORZHU�ZKHQ�SURWHLQXULD�
greater than1g/24h is present (less than127/75 mmHg) 
Normotensive people with diabetes and nephropathy may also benefit from ACE-inhibitor therapy 
People with diabetes and nephropathy are at very high risk of cardiovascular disease and may be considered for statin therapy 
if their total cholesterol is ���PPRO�O�DQG�DVSLULQ�WKHUDS\�LI�WKH\�VDWLVI\�WKH�FULWHULD�VHW�RXW�DERYH 
Additional results 
All adults should have blood pressure measured routinely ��HYHU\�ILYH�\HDUV�XQWLO����\HDUV� 
Those with high-normal values (135–139/85–89 mmHg) and those with high readings at any time previously should have 
blood pressure measured annually. 
In uncomplicated mild hypertension, the average of two readings/visit at monthly intervals over 4–6 months should be used to 
guide the decision to treat. 
 
Recommendations: 
Hypertension in diabetes 
B   Threshold for starting antihypertensive treatment ��������PP+J 
A   Target blood pressure less than140/80 mmHg or lower if proteinuria is present 
A   BP reduction and ACE inhibitors reduce the rate of decline in renal function  
Blood pressure measurement 
C  At least two measurement should be made at each visit and four visits to determine blood pressure thresholds. 
Non-pharmacological Measures  
A    weight reduction, reduced fat intake, limited alcohol consumption, dynamic exercise and increased fruit and vegetable 
intake are effective in lowering blood pressure 
A   Alone or in combination these interventions can reduce the need for drug therapy and enhance the effect of 
antihypertensive agents .  
B    To reduce overall cardiovascular risk, people should stop smoking, reduce their saturated fat intake and increase 
consumption of poly-unsaturated, mono-unsaturated fats and oily fish. 
Choice of antihypertensive drug treatment 
A  Use a low dose thiazide as first-line treatment unless there is a contraindication or a compelling indication for another drug 
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class 
A  Long acting dihydropyridine calcium antagonists are a suitable alternative for isolated systolic hypertension in the elderly 
when low-dose thiazide is not tolerated or contraindicated. Choice of drug will depend on relative indications and 
contraindications in the individual patient 
A  less than half of all hypertensives will be controlled on monotherapy and one-third will require three or more drugs 

Hierarchy of Evidence Grading IV 
Comments Guidelines are intended for general practitioners, practice nurses and generalists in hospital practice 

Aim is to present as clearly as possible the best currently available evidence on hypertension management. 
Recommendations graded using the North of England Group Criteria 
No quality assessment even though the recommendations are graded, therefore this evidence is downgraded to level IV 
evidence 

Reference / Citation  196 
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Q 36   In adults with Type 1 diabetes and hypertension, what is the optimum intervention to lower blood pressure? 
 

Author / Title / Reference / Yr  The ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research Group 2002 Major outcomes in high risk 
hypertensive patients randomised to angiotensin-converting enzyme inhibitor or calcium channel blocker vs. diuretic: The 
Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial (ALLHAT). JAMA 288:2981–2997 

N= 33357 participants 
623 centres in USA, Canada, Puerto Rico and US Virgin Islands 

Research Design Randomised controlled trial 
Aim To determine whether treatment with a calcium channel blocker or an angiotensin-converting enzyme inhibitor lowers the 

incidence of coronary heart disease (CHD) or other cardiovascular disease (CVD) events vs treatment with a diuretic. 
Population Men and women ����\HDUV�ZLWK�VWDJH���RU�VWDJH���K\SHUWHQVLRQ�ZLWK����DGGLWLRQDO�ULVN�IDFWRU�IRU�&+'�HYHQWV� 

Risk factors were (greater than6 months): MI or stroke, LVH demonstrated by electrocardiography or echocardiography, 
history of type 2 diabetes, current cigarette smoking, HDL cholesterol less than35 mg/dl (less than0.91 mmol/l), or 
documentation of other atherosclerotic CVD 
Individuals were excluded if they had a history of hospitalised or treated symptomatic heart failure and/or known left 
ventricular ejection fraction of less than 35%, symptomatic MI or stroke within past 6 months, requirement for thiazide like 
diuretics, calcium antagonists, angiotensin converting enzyme inhibitors or alpha-blockers 

Intervention Chlorthalidone: n=15255; amlodipine: n=9048; lisinopril: n=9054 
(Type 2 diabetes: chlorthalidone=5528; amlodipine=3323; lisinopril: n=3212) 
Dosages: 12.5, and 255 mg/d for chlorthalidone, 2.5, 5 and 10 mg/d for amlodipine and 10, 20 and 40 mg/d for lisinopril. 

Comparison Diuretic 

Outcome Primary outcome: fatal CHD or nonfatal myocardial infarction combined.  
Secondary outcomes: all cause mortality, fatal and nonfatal stroke, combined CHD and combined CVD 
BP was measured by 2 seated measurements, by trained observers using standardised techniques 

Characteristics Mean age=67 years, women=47%, black=35%, Hispanic=19%, diabetic=36% 
Results  Study population 

Distribution of baseline factors was nearly identical in the 3 treatment groups. 
Participants assigned to lisinopril were less likely to be black and more likely to be women, have untreated hypertension, 
evidence of CHD or atherosclerotic CVD and a lower mean serum glucose.  
Difference of p=0.03 was seen between treatment groups in the history of CHD 
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Mean (SD) length of follow-up=4.9 (1.4) years  
(maximum range 8.0, 7.9 and 8.1 years in the chlorthalidone, amlodipine and lisinopril groups, respectively) 
At closeout: 419 (2.7%), 258 (2.8%) and 276 (3.0%) of chlorthalidone, amlodipine and lisinopril participants, had unknown 
vital status 
Adherence to visits and treatment 
Visit adherence decreased over time from~92% at 1 year, to 84%–87% at 5 years in all treatment groups 
In the chlorthalidone group:  
87.1% were taking chlorthalidone or another diuretic at one year, decreasing to 80.5% at 5 years 
67.5% (n=4387) were taking a diuretic without a CCB or an ACE inhibitor 
13.2% were taking a diuretic with a CCB (5.8%, n=399) or and ACE inhibitor (9.3%, n=641)  
9% were taking either a CCB (5.8%, n=399), or an ACE inhibitor (5.6%, n=385) without a diuretic at 5 years 
In the amlodipine group: 
87.6% were taking amlodipine or another CCB at 1 year, 80.4% at 5 years. 
63.8% (n=2502) were taking a CCB alone without diuretic, 16.6% were taking a CCB with a diuretic and 6.9% were taking a 
diuretic without a CCB. 
In the lisinopril group: 
82% of participants were taking lisinopril or another ACE inhibitor at 1 year, 72.6% at 5 years 
56.9% (n=2143) were taking an ACE inhibitor alone without a diuretic, 15.7% with a diuretic, ~8.5% were taking a diuretic 
without an ACE inhibitor 
Most common reasons for not taking step 1 medication at 5 years: 
Unspecified reasons, symptomatic adverse effects, elevated BP (4.5%, 3.5% and 9.0% in the chlorthalidone, amlodipine and 
lisinopril groups, respectively) or other adverse effects such as abnormal laboratory values.  
At 1 year: 26.7, 25.9 and 32.6% of those assigned to chlorthalidone, amlodipine and lisinopril, respectively, were taking a step 
2 or step 3 drug, at 5 years these values were 40.7, 39.5 and 43.0% respectively. 
At 1 year: 40, 44 and 43.8% of all participants assigned to chlorthalidone, amlodipine and lisinopril, respectively still taking 
their blinded medication were receiving the maximal study dose, at 5 years this was 56.9, 65.7 and 60.3% respectively. 
Blood pressure: 
At randomisation mean seated BP was ~146/84 mmHg in all three groups with 90% reporting current antihypertensive drug 
treatment 
At 4 years 35–36% of participants in all 3 groups reported taking lipid lowering drugs (mainly statins, some as a result of 
participation in the ALLHAT lipid trial) 
About 8% of the chlorthalidone group were receiving potassium supplementation at 5 years, compared to 4% in the 
amlodipine group and 2% in the lisinopril group. 
Amlodipine vs. chlorthalidone 
No significant differences were seen between these two drugs for the primary outcome (RR=0.98; 95%CI: 0.90–1.07), or 
secondary outcomes of all-cause mortality, combined CHD stroke, combined CVD, angina, coronary revascularisation, 
peripheral arterial disease, cancer or ESRD. 
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Participants assigned to amlodipine had a 38% higher risk of HF (p less than0.001), a 6 year absolute risk difference=2.5% 
and a 35% higher risk of hospitalised fatal HF 
Treatment effects for all outcomes were consistent across the predefined subgroups  
Cause specific mortality rates were similar for the two groups 
Lisinopril vs. chlorthalidone 
No significant differences was seen between the two drugs for the primary outcome (RR=0.99; 95%CI: 0.91–1.08) or for the 
secondary outcomes of all-cause mortality, combined CHD, peripheral arterial disease, cancer or ESRD. 
Cause specific mortality rates were also similar in the two groups 
The lisinopril had a 15% higher risk for stroke (p=0.02) and a 10% higher risk of combined CVD (p less than0.001)  
6 year absolute risk difference for combined CVD=2.4%. Including a 19% higher risk of heart failure (p less than0.001), 10% 
higher risk of hospitalised/fatal heart failure (p=0.11), 11% higher risk for hospitalised/treated angina (p=0.01) and 10% 
higher risk of coronary revascularisation (p=0.05) 
Treatment effects for all outcomes were consistent across subgroups by sex, diabetic status and baseline CHD status.  
A significant differential effect was seen for stroke and combined CVD by race (p=0.01 and p=0.04 for interaction, 
respectively) RRs=1.40 (95%CI: 1.17–1.68) vs. 1.00 (95%CI: 0.85–1.17) for stroke and 1.19 (95%CI: 1.09–1.30) and 1.06 
(95%CI: 1.00–1.13) for combined CVD in blacks and nonblacks respectively.  
Mean follow-up SBP for all participants was 2 mmHg higher in the lisinopril group compared to chlorthalidone, 4 mmHg 
higher in blacks and 3 mmHg in those ����\HDUV�� 
Safety 
6-year rates of hospitalisation for gastrointestinal bleeding, occurred in 8.9%, 8.0% and 9.6% of all participants in the 
chlorthalidone, amlodipine and lisinopril groups, respectively. 
Angioedema occurred in 0.1%, less than0.1% and 0.4% of participants in the chlorthalidone, amlodipine and lisinopril groups, 
respectively 
Significant differences were seen for the lisinopril vs. chlorthalidone comparison overall (p less than0.001), in black people (p 
less than0.001) and in nonblack people (p=0.002), and the only death from angioedema was in the lisinopril group 

Hierarchy of Evidence Grading 1b 
Comments Participants recruited at 623 centres between February 1994 and January 1998 

Participants stopped taking all previous medications at randomisation and treatment with study drug was initiated the 
following day.  
Participants randomised by telephone in a ratio of 1.7:1:1, diuretic: ACE inhibitor: CCB 
Concealed randomisation scheme generated by computer, implemented at the clinical trials centre, stratified by centre and 
blocked in random block sizes of 5 or 9 to maintain balance  
All randomised participants given hygienic advice (sodium and alcohol reduction, exercise, caloric restriction if overweight) 
with reinforcement as needed during the trial 
Follow-up visits at 1, 3, 6, 9 and12 months; and every 4 months thereafter. Range of possible follow-up: 3 years 8 months–8 
years 1 month.  
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Goal BP less than140/90 mmHg achieved by titrating assigned study drug (step 1) and adding open-label agents (step 2 or 3) 
when necessary.  
Choice of step 2 drugs (atenolol, clonidine, or reserpine) was at the physician’ s discretion. 
Non-pharmacological approaches were recommended according to national guidelines 
Step 1 drugs were encapsulated and identical in appearance so that the identify of each agent was double masked- at each 
dose,  
Dosages of step 2 drugs were: 25–100 mg/d atenolol, 0.05–0.2 mg/d of reserpine, or 0.1–0.3 mg twice a day of hydralazine. 
Other drugs including low doses of open label step-1 drug classes were permitted if clinically indicated 
Predefined patient subgroups: age less than65/age ����\HDUV��PHQ�ZRPHQ��EODFN�QRQEODFN��GLDEHWHV�QRQGLDEHWHV 
Power analysis conducted prior to the study estimated a sample size of 40 000 and CHD event rate of 1.05% to 1.65% year 
with crossover rates of 22%–26% and loss rates of 11.8%–21.8% gave power estimates from 77%–86% 
Given the achieved sample size and expected event rate, treatment crossovers, and losses to follow-up. ALLHAT had 83% 
power to detect a 16% reduction in risk of the primary outcome between chlorthalidone and each other group at a 2 sided 
 ��������] ������WR�DFFRXQW�IRU�WKH���RULJLQDO�FRPSDULVRQV 

Log rank and Cox proportional hazards regression model used. Only Cox results are presented, because p values were 
essentially identical for both techniques 
Hazard rations (relative risks) DQG�����FRQILGHQFH�LQWHUYDOV�REWDLQHG�IURP�WKH�&R[�PRGHO��)RU�FRQVLVWHQF\�ZLWK�  ��������
95% CIs may be converted to 98.2% limits by multiplying the upper limit and dividing the lower limit be RR(0.41/Z) where Z 
is the values of the test statistic for the RR estimate.. 

Reference / Citation  197 
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9 Management of complications: diabetic eye disease 
 

9.1 retinopathy surveillance programmes 
 

 
  

Q 44  What is the optimum method for surveillance for diabetic eye damage in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Facey K, Cummins E, Macphoerson K, Morris A, Reay L, Slattery J 2002 Organisation of services for diabetic retinopathy 
screening. Health Technology Assessment Report 1. Glasgow: Health Technology Board for Scotland 

N= N=15000 + 
1 Systematic review 
2 Guidelines 
Additional Cohort studies 

Research Design Systematic review 
Aim To evaluate the optimum organisation of eye screening services 
Population Mixed diabetes population 
Intervention Various Types of screening methods 
Comparison A range of Gold Standards 

Outcome Primary outcome: Accurate detection of diabetic eye disease for which a clinical intervention is required.  
Secondary outcome: Detection of a less severe disease (any retinopathy) 
Methods for evaluating screening technologies: 
Technical failure rates of screening methods (the proportion of patients in whom the screening method fails to return a useful 
assessment of the extent of diabetic eye disease. This may be due to other conditions which obscure the retina or because infirmity 
or other circumstances interfere with the screening process.)  
Sensitivity (the probability that a test results is positive given the subject has the disease) and Specificity (probability that a test 
result is negative given a subject does not have the disease), expressed as a dichotomous (positive/negative) result. 
‘Accuracy’: the probability that a screening test will reveal the true disease state for a randomly selected patient. This will vary with 
the prevalence of the condition. Also does not distinguish between false negative and false positive test results). 
Specificity and sensitivity are assessed by comparison with methods expected to give accurate results (Gold Standard). 
The performance of each screening method is characterised by its ability to discrimination people with retinopathy from those 
without.  

Characteristics Varied between studies 
Results  Surveillance: Frequency Of Testing 
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Patients diagnosed with either type 1 or type 2 diabetes mellitus and aged over 12 years should have annual examinations of the 
retina unless they are medically unfit for laser treatment. 
Screening should be based on the use of non-mydriatic digital cameras initially without mydriasis, but using mydriasis and then slit 
lamps if technical failures occur. 
Higher resolution digital retinal cameras (1,365 x 1,000 pixels) are recommended. Image transfer using a digital route is preferred 
to avoid degradation of quality. Images should be graded at capture resolution 
Grading of retinal images should be performed according to a three-level process, with photographs referred to the next level if the 
grader identifies any potential sign of retinopathy. 
Slit lamp photography is needed for people not amenable to digital photography. 
 
Population invited for screening: SIGN recommends all people with diabetes should be offered systematic screening for diabetic 
eye disease.  
For people with type 1 diagnosis it is recommended that screening start at age 12 or onset at puberty, whichever is first. If diagnosis 
is post puberty, screening after 3 years is recommended (grade D evidence). For simplicity HTBS recommends that in the case of 
type 1 diabetes post-puberty, screening should commenced from diagnosis. Only those who are capable of benefiting from 
receiving laser treatment should be screened. 
The screening programme does not need to include those under regular review by ophthalmologists in the hospital setting.  
 
Screening interval: SIGN assessed a number of studies to evaluate the optimal frequency of diabetic retinopathy screening, 
including options to evaluate patients at low risk bi-annually. As generally diabetic screening for other complications takes place 
annually and this is the screening interval recommended by the NSC, annual screening is recommended in the Scottish programme.  
Further research is required to establish those who are at low risk of developing sight-threatening retinopathy to consider increasing 
the screening interval for these patients.    
 
Grading: Grading of retinal images should be performed according to a three-level process, with photographs referred to the next 
level if the grader identifies any potential sign of retinopathy. All graders must be specially trained, accredited and competent with 
the more experienced professionals involved in the second and third levels.  
 
Patient issues:  
For any screening programme, success depends on continued consistently high levels of update, thus patient satisfaction with a 
scheme, their preferences and willingness to return for screening are of vital importance. Key issues to be considered include 
delivery of the service, patients information and delivery of the service, patients information and education. 
In diabetic retinopathy screening, the fear of going blind must be handled sensitively and the benefits of attending regular screening 
visits explained. The techniques and technologies used in screening should be explained, including new technologies under 
investigation. The need for eye drops and transient effects on vision should be communicated prior to the screening visit 
Motivational initiatives should be considered to encourage attendance at screening. Research into patient reminders shows that 
greater than2 reminders are not effective and a wide rage of methods may be needed to encourage non-attendees, including written 
reminders, advertising campaigns, use of educators and local community groups. 
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Screening 
Failure rates of screening methods: 
Not reviewed in the NICE guideline, individual papers discussed 
SIGN guideline states: between 3% and 14% of retinal photographs are ungradeable. This may be improved by digital imaging.  
Slit lamp biomicroscopes with dilated indirect ophthalmoscopy used by properly trained individuals can achieve sensitivities 
similar to retinal photography, with a lower technical failure rate. 
One study suggested a non statistically significant reduction in technical failure rates with the use of mydriasis 
A larger study showed a similar effect but this was not confirmed to be due to mydriasis 
Mean technical failure of studies with mydriasis was 7%.  
Mean failure rates in studies without mydriasis was 5.5%  
No strong evidence has been found to suggest that mydriasis reduces failure rates, however, studies containing a direct comparison 
favour this hypothesis 
Patient preferences estimated that mydriasis was unacceptable to 6% of patients. 5% stated that it was acceptable only if necessary. 
There are inconsistent findings for the impact of disease condition on failure rates. There is no support for the recommendation to 
refer technical failures directly to ophthalmological departments. 
One study by Olson et al (2001) has indicated that lower technical failure rates are achievable with digital photography than with 
conventional slide photography, 4.4% (26/586) vs. 11.9% (70/586) respectively. 
If non-mydriatic photography failure rates are reduced in a similar way this is likely to be a viable screening option.  
Failure rates for ophthalmoscopy do not differ greatly from photography. Therefore any change between screening methods will not 
unduly increase the number of ophthalmological referrals due to uncertainty by the screener. 
 
Accuracy of retinal imaging methods. 
Current Gold Standards for screening are seven-field stereoscopic photography and indirect ophthalmoscopy or biomicroscopy with 
a slit lamp carried out by a skilled ophthalmologist through dilated pupils. 
Four studies in the NICE guideline compared these tests and did not find agreement, although it is unknown where the error lies. 
Kinyon et al (1992) subjected these results to expert review, which favoured the two errors in seven-field stereoscopic photography 
over the indirect ophthalmoscopy with 12 errors. 
Moss et al (1985) found that photography was more accurate at detecting the presence of microaneurysms that were undetected by 
ophthalmoscopy, suggesting that disagreements are more common in milder disease states.  
Studies showed that the Gold Standards did not consistently reach the St. Vincent Declaration recommendation of 80% sensitivity 
and 95% specificity, casting doubt on whether this is a realistic target for other methods.  
Consideration is given to the particular imaging method and a policy for the use of mydriasis, who should operate the device (and 
for photographic methods who should interpret the results). 
There is limited evidence concerning the number of fields that should be viewed with a retinal camera. On average studies using a 
single-field gave marginally better results than those with two or more fields. However, this may be due to differing failure rates. 
SIGN guideline does not give judgement on this issue. NSC recommends the EURODIAB protocol of 2 x 45º (or 50º) fields. 
Estimated sensitivities (95% CI) when specificity meets St Vincent criteria (95%), for sight threatening diabetic retinopathy of 
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proliferative diabetic retinopathy for a number of operators: 
GP using direct ophthalmoscope through dilated pupils: Sensitivity = 40% (32%, 50%) 
Optometrist using direct ophthalmoscope through dilated pupils. Sensitivity = 44% (38%, 50%) 
Other professional using direct ophthalmoscope through dilated pupils. Sensitivity = 71% (51%, 85%) 
Mydriatic photography graded by trained graders. Sensitivity = 88% (60% 98%) 
Non-mydriatic photography graded by trained graders. Sensitivity = 86^ (31%, 100%) 
Optometrists with slit lamp. Sensitivity = 62% (39%, 82%) 
Ophthalmologist with slit lamp/indirect ophthalmoscope. Sensitivity = 91% (76%, 97%) 
However the final intervention is not an available screening option. This is the Gold Standard in evaluating other methods. 
 
Accuracy of photography: 
Point estimates of sensitivity for mydriatic and non-mydriatic cameras are almost identical, however, due to the small number of 
cases in the studies, the confidence intervals for both methods are wide and results should be interpreted with caution. 
Discrimination of any retinopathy with non-mydriatic photography: Sensitivity = 86% (95% CI 68, 96). In contrast to the 
calculations for STDR this confidence interval is relatively narrow and so lends support to the belief that non-mydriatic 
photographs achieve a high level of definition.  
Non-mydriatic photography in professions other than trained graders for referable retinopathy: Sensitivity = 72% (95% CI 52, 86) 
demonstrates that the accuracy of this group would be inferior to that achievable with specifically trained graders. 
No difference was found between the effectiveness of mydriatic and non-mydriatic photography when the results were restricted to 
those images judged to be readable by each method. 
 
Accuracy of photography with one or two fields 
Mydriatic photography graded by trained graders—one field: Sensitivity = 96% (55%, 99%) 
Mydriatic photography graded by trained graders—two field: Sensitivity = 82% (41%, 98%) 
This finding disagrees with expert opinion. It may be a chance effect since the confidence interval for two-field photography is 
large in comparison to one image. However, it does suggest that more evidence is required concerning the necessity for a two-field 
protocol.  
Olson et al (2001) found almost identical accuracy of these methods in a direct comparison of one image with two images, both 
with mydriasis (by research registrar, not trained grader). N=586. Sensitivity and specificity = 94% (95% CI 85–99) and 87% (95% 
CI 85–90) for a two field digital photography with mydriasis, compared with 93% (95% CI 83–98) and 87% (95% CI 84–90) for a 
one field protocol. 
 
Accuracy of slit lamps by optometrists 
There is little evidence in the NICE guideline regarding optometrists using slit lamps.  
Kleinstein et al 1987 estimated a sensitivity of 74% and specificity of 84% for STDR. 
Ophthalmologists are known to achieve good results with slit lamps. Most evidence concerning optometrists using slit lamps comes 
from studies (n=4) not included in the NICE guideline.  
Burnett et al (1998) assessed 28 referred and 88 non-referred patients for accuracy. All negative screens and 22/28 positive screens 
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were confirmed, suggesting a sensitivity of 100% (95% CI 84–100) and specificity of 94% (95% CI 87–98%). However, the 
ophthalmologist in this study was not masked. 
Prasad et al was a larger study (n=4904 patients) estimating 76% sensitivity and 95% specificity however, this study does not 
answer the clear question of accuracy of screening, rather the acceptability to an ophthalmologist of the referral decision.  
These studies do indicate that the 62% sensitivity achieved with 95% specificity in the meta-analysis may be achieved with 
appropriately trained optometrists. 
 
Accuracy of ultra-wide angle scanning laser ophthalmoscope. 
Little evidence is currently available in this area. A manufacturers report reported 66 people using split lamp biomicroscopy as the 
Gold Standard and three retinal graders. Sensitivity = 89% and specificity = 100% 
 
Future research 
One study comparing digital retinal images obtained using undilated pupils (single field) and dilated pupils (multiple field) with 
tropicamide 1%, Gold Standard: slit lamp biomicroscopy by trained ophthalmologist. 
Two NHS R&D Health Technology Assessments addressing specific aspects of diabetic retinopathy screening. (two field digital 
photography with mydriasis and one-field digital photography without mydriasis, compared to Gold Standard, slit lamp 
examination by ophthalmologist 
Two studies using the ultrawide angle scanning laser ophthalmoscope are planned.  
 
Conclusions concerning screening accuracy: 
Sensitivity achieved by a FP or optometrist with direct ophthalmoscope was very low (40% for 95% specificity), this method 
should not be used for systematic screening but will remain useful for opportunistic screening in persistent defaulters who would 
otherwise receive no retinal examination.  
This meta-analysis indicated lower accuracy for the use of slit lamps by optometrists than photographic screeners, however studies 
outside this meta-analysis have demonstrated greater accuracy with specially trained optometrists. Slit lamps are always needed fro 
those not amenable to digital photography but training must be given.  
Retinal cameras have the highest levels of accuracy of any practical screening method, and provide permanent images for quality 
control and clinical review. Digital cameras show similar accuracy to conventional photography but have additional advantages 
where image transfer and potential automated grading are concerned. 
Retinal cameras also have high technical failure rates. Recently this was estimated to be around 4.4% for a two-field protocol with 
mydriasis and 3.5% for one field with mydriasis. This significantly lower than that achieved with conventional photography. 
Retinal photography with mydriasis is the standard technique in many countries; however, HTBS recommends non-mydriatic 
cameras, which can also be used for mydriasis.   
 
Adverse effects: 
Mainly effects associated with instillation of eye drops for mydriasis. Tropicamide BP and phenylephrine hydrochloride are 
commonly used. Tropicamide is contraindicated for use in closed angle glaucoma, however Pandit and Taylor (2000) found the risk 
in these patients was negligible and recommended use in all patients. 
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Phenylephrine hydrochloride is contraindicated in long-standing insulin dependent diabetes mellitus. Its use cannot be 
recommended 
Most common adverse reactions are blurred vision and sensitivity to light. Due to different ideas about how soon after mydriasis 
driving is sage, patients should receive notification prior to the screening visit, of the potential need for mydriasis. 
Other side effects such as glaucoma and allergic reactions are rare. 

Hierarchy of Evidence Grading Ia (various) 

Comments Benefits and disbenefits considered: 
1º outcome is the accurate detection of referable disease 
That patients are spared unnecessary anxiety when screening accuracy is high.  
Generally, the imaging process does not carry important risks, but the use of mydriasis can cause adverse effects, discomfort and 
inconvenience. 

Trials included  See original study 
Reference / Citation  202 
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Q 44  What is the optimum method for surveillance for diabetic eye damage in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Pandit, R. J. & Taylor, R. 2002, "Quality assurance in screening for sight-threatening diabetic retinopathy", Diabetic Medicine., vol. 
19, no. 4, pp. 285-291. 

N= n=609 in quality assurance study 
UK 

Research Design Diagnostic study 
Aim Quality assurance in screening for sight-threatening diabetic retinopathy 
Population Type 1 and Type 2 diabetes 
Intervention Screening tests by 28 primary screeners comprising of trained retinal screeners, consultant diabetologists, or non-consultant doctors 
Comparison Pupils were dilated with a combination of tropicamide 1% and phenylephrine 2.5% and screened with a slit-lamp examination of 

the fundus using a 90 dioptre lens, with a closer inspection of the macula using a 60 dioptre lens. Patients were categorized on a 6 
point scale from no retinopathy to advance disease, with levels 3 to 6 representing sight threatening diabetic retinopathy 

Outcome Accuracy of screening programme 
Characteristics Not stated 
Results  Reference standard found a prevalence of sight threatening diabetic retinopathy (STDR) of 9.2% with previously undetected 

prevalence of 6.7% 
For the two care settings combined the sensitivity and specificity of the screening programme to detect STDR was 83.3% and 
96.8% respectively. 

Hierarchy of Evidence Grading DS 
Comments Study conclusions can be directly related to the guideline as screen in both hospital screening programmes and district screening 

programmes are analysed 
Reference standard assessor was masked as to the results of primary screening  

Reference / Citation 204 
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9.2 Screening tests for retinopathy 
 

 
  

Q 45  What screening tests should be used for diabetic eye damage in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network 2001 Management of Diabetes: A national clinical guideline 

N= 61 studies 
Research Design Systematic review – Guidelines 
Aim To determine optimum screening practice for diabetes 
Population Mixed diabetes population 
Intervention Technologies for detection and management of diabetic retinopathy 
Comparison Various controls 

Outcome Prevention, detection or treatment of diabetic retinopathy 
Characteristics Varied between studies 
Results  Risk identification and prevention 

Poor glycaemic control 
Raised blood pressure 
Increasing number of microaneurysms 
Duration of diabetes 
Microalbuminuria and proteinuria 
Raised triglycerides and lowered haematocrit 
Pregnancy 
Available evidence suggests that smoking may be a risk factor for diabetic retinopathy in type 1 diabetes. 
Patients with multiple risk factors should be considered at a high risk of developing diabetic retinal disease 
Diabetic retinal disease is the commonest form of visual impairment in type 1 diabetes. Patients have a twofold increased risk of 
cataract. Risk increases with poor glycaemic control. 
Tight blood glucose control reduces the risk of onset and progression of diabetic eye disease in type 1 and 2 diabetes. 
Reducing HbA1c by 1.5% and if possible to 7% and reducing blood pressure to 144/82 mm Hg reduces incidence and progression 
sight-threatening diabetic eye disease. This is likely also to be so for type 1 diabetes. 
Reducing BP and HbA1c below these targets is likely to reduce the risk of eye disease further.  Microvascular endpoints (including 
retinopathy) are decreased by 37% with each 1% reduction in Hba1C and by 13% for each 10mm Hg reduction in systolic blood 
pressures.  
Good glycaemic and blood pressure control should be maintained to prevent onset and progression of diabetic eye disease 
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Rapid improvement of glycaemic control can results in short worsening of diabetic retinal disease although the long term outcomes 
remain beneficial 
Sight threatening retinal disease, if present, should be stabilised before rapid clinical improvements in glycaemic control are 
achieved. 
There is absence of good evidence for any additional benefits of ACE inhibitors in diabetic eye disease. 1 RCT exists but is of poor 
methodological quality. 
 
Cardiovascular risk factors: 
Cigarette smoking. The prevalence of cigarette smoking is significantly higher in patients with diabetes than those without 
(33.27%) 
Observational studies have shown that smoking is an independent risk factor in people with diabetes and the excess risk attributable 
to smoking is more than additive 
Dyslipidaemia: 
Observational studies have shown dyslipidaemia to be commonly present in Type 2 diabetes.  
An increased concentration of LDL cholesterol or total cholesterol has also been identified as an independent risk factor for 
cardiovascular morbidity and mortality.  Each 1 mmol/l reduction of LDL cholesterol represents a 36% reduction in risk of CVD 
disease. Triglycerides are also an independent marker of increased risk of cardiovascular disease in Type 2 diabetes. 
The ongoing Fenofibrate Intervention and Event Lowering id Diabetes (FIELD) study (n=8000) is addressing whether lowering 
serum triglyceride concentrations reduces CVD events in people with diabetes with and without coronary heart disease 
Hypertension: 
Hypertension is positively related to risk of CVD death, with a progressive increase in risk with rising systolic pressures. Each 10 
mmHg reduction in systolic pressure is associated with a 15% (95% CI 12 to 18%) reduction in the risk of CVD death over 10 
years 
Hyperglycaemia: 
Increasing glycaemia (measured as HbA1c) results in increased risk of CVD morbidity and mortality. Each 1% reduction in HbA1c 
is associated with a 21% (95% CI 15 to 27%) reduction in the risk of diabetes related death and specifically a 14% reduction for MI 
over 10 yrs. No lower threshold can be demonstrated 
Other risk factors: 
No studies identifying obesity as an independent risk factor in established diabetes were identified. In addition to its role in 
identifying patients at risk of diabetic nephropathy, microalbuminuria is an independant marker associated with a doubling in 
cardiovascular risk. There is insufficient evidence to determine whether reducing albumin excretion rate specifically reduces 
cardiovascular morbidity of mortality 
 
Screening 
Who: 
Screening is an effective at detecting unrecognised sight-threatening retinopathy  
In type diabetes, pre-proliferative retinopathy has been identified 3.5 years after diagnosis in post-puberty patients, and within two 
months of onset of puberty 
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Patients with no retinopathy at baseline have greater than1% chance of developing sight-threatening retinopathy within two years.  
Patients with existing diabetic retinal disease may require more frequent retinal examination  
Systematic annual screening for diabetic retinal disease should be provided for all people with diabetes 
Patients with type 1 diabetes should be screened from diagnosis 
How: 
Diabetes UK propose that an effective screening system have 95% specificity, 80% sensitivity and less than5% technical failure 
rate 
Retinal photography frequently achieves 80 % sensitivity and is more effective than ophthalmoscopy, even when carried out by 
trained operators 
Dilated direct ophthalmoscopy should only be used for opportunistic screening.  
Screening modalities should aim to detect sight threatening retinal disease with a sensitivity �����DQG�VSHFLILFity ���� 
Patients with ungradeable retinal photography’s should receive slit lamp and indirect ophthalmoscopy examination where possible. 
Where possible and practical screening should be performed at a site convenient to patients. 
Grading: 
Digital imaging is more sensitive than Polaroid prints and similar to 35mm film. Initial data indicates high-resolution automated 
techniques to identify the absence of microaneurysms on digital images with a sensitivity of 85%, although more research is needed 
before validation 
All screening modalities should undergo quality assurance checks (at least 1% of all screening events). 
Retinal photographs should be graded using digital images or 35 mm film by and appropriately trained grader.   
 
Treatment 
Referral intervals 
Delay in treatment of greater than2 years from diagnosis of sight-threatening diabetic retinopathy is associated with poor outcomes 
and severe visual loss.  
Royal College of ophthalmologists recommendations: 
Assess by ophthalmologist within 4 weeks if: 
There is unexplained drop in visual acuity, hard exudations within 1 disc diameter of the fovea, macular oedema is present, there 
are unexplained retinal findings, pre-proliferative or more advanced (severe) retinopathy is present 
Assess by ophthalmologist within 1 week if: 
There is new vessel formation, there is evidence of pre-retinal or vitreous haemorrhage, rubeosis iridis is present 
Assess by an ophthalmologist on the same day if  
There is sudden loss of vision, there is retinal detachment 
Method of assessing diabetic retinopathy  
Slit lamp biomicroscopy by and appropriately experienced ophthalmologist is as good as the gold standard of 7-field stereoscopic 
photography for the assessment of clinically significant macular oedema (CSMO) and proliferative diabetic retinopathy and severe 
non-proliferative diabetic retinopathy 
 
Rehabilitation 
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Low vision clinics and community self-help groups as part of a low vision service can improve the quality of life and functional 
ability for patients with visual impairment.  
Community support, low vision aids and training in their use should be provided to people with diabetes and visual impairment.  
Patients with visual impairment should be assisted to register as blind/partially sighted at an early stage. 
 
Additional recommendations made on laser treatment and vitrectomy 
 

Hierarchy of Evidence Grading Ia (various) 

Comments Systematic review of the literature carried out using an explicit search strategy devised by the SIGN information team 
All searches covered systematic reviews, meta-analysis and randomised controlled trials, extended to cover observational studies 
where appropriate. 
All searches covered: Cochrane Library, Embase, Healthstar and Medline. Where appropriate they also covered CINAHL and 
PsychInfo. 
Years searched: 1991–2000 
All selected papers were evaluated using standard methodological checklists before conclusions were considered as evidence. 
Specific clinical questions addressed are not detailed in the guideline report 
To address patients view representation was provided by Diabetes UK on the advisory group and recommendations panel. 
Diabetic retinopathy working party included a Diabetes Care Adviser from Diabetes UK 
Not all studies use an appropriate Gold Standard 
Evidence statements and recommendations all relate only to care for individuals rather than establishment of a national screening 
programme.  
Individual studies included in the review are small, potential selection bias could limit their individual generalisability 
Other biases such as experience, training and motivation may be present given the limited numbers of personnel in many of the 
studies. 

Trials included  See original study 
Reference / Citation   
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Q 45  What screening tests should be used for diabetic eye damage in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  NICE. Management of type 2 diabetes:  Retinopathy - screening and early management.  1-24. 2002.  

N= N=15000+ 
Research Design Systematic review - Guidelines 
Aim Guideline covers the clinical care and management of people with diagnosed type 2 diabetes in primary and secondary care. 
Population Included studies for type 1 and type 2 diabetes specifically addressing screening for, and early management of, diabetic retinopathy 
Intervention A number of different diagnostic screening tests are considered 
Comparison Various gold standards are used 

Outcome Detection of diabetic retinopathy 
Characteristics Varied between studies 
Results  National screening committee has recommended screening for diabetic retinopathy as a national priority 

Previous literature review concluded that there was inconsistent and inconclusive evidence on the most effective methods for 
screening.  
Bachmann & Nelson 1998 pooled data from many screening studies and concluded that retinal photography was the screening test 
of choice 
 
Sensitivities and specificities of screening tests  
Ophthalmoscopy:  
GP test sensitivity levels = 33%–66% in the detection of referable sight-threatening, pre-proliferative, proliferative or serious 
retinopathy. 
A larger study showed for 2350 screened by 318 general practitioners, sensitivity for detecting sight threatening retinopathy was 
41%–67% 
Opticians and optometrists: 
Sensitivity of detection of referable proliferative or sight threatening retinopathy ranged from 48%–100% 
Ophthalmologists 
Five studies evaluated ophthalmologists using ophthalmoscopy (indirect ophthalmoscopy, n=4). For sight threatening and 
proliferative retinopathy, sensitivity of detection was 65% and 70% respectively. Studies evaluated individual ophthalmologists, 
limiting the generalisability of this statement  
Other professionals: 
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Effectiveness of other professionals such as diabetologists, nurses, junior doctors, hospital physicians, and technicians. Sensitivities 
ranged from 27% to 81% in detecting serious or proliferative retinopathy. 
In summary: overall the studies demonstrate that direct ophthalmoscopy does not usually meet the required standards for 
retinopathy screening and review.  There is some limited evidence that professionals using indirect slit-lamp ophthalmoscopy can 
achieve the required standards 
 
45º retinal photography 
In general specificities are lower than those with ophthalmoscopy. However, sensitivities are higher for retinal photography. 
General practitioners 
Sensitivity ranged from 87% to 100% in the three studies (all using mydriatic photography) in the detection of proliferative sight 
threatening or referable retinopathy. 
Opticians/optometrists 
Mydriatic 35 mm photographs taken at general practices and assessed by optometrists achieved a level of sensitivity greater 
than91% 
Ophthalmologists/ophthalmologist assistants 
Two UK studies showed sensitivities of 89% to 93% for non-mydriatic and mydriatic photographs, respectively 
Other professionals 
Sensitivities for the detection of sight threatening or proliferative retinopathy in two studies ranged from 60% to 98%, while in the 
third sensitivities ranged from 25% to 50% 
Diabetes specialists achieved sensitivities for sight threatening retinopathy of 89% in mydriatic retinal photography 
 
Digital imaging techniques: produce an instant enlarged retinal image on a computer monitor. Complete agreement in grading 
retinopathy seen between digital and conventional photography in 93% of eyes. 
To prove the usefulness of digital imaging techniques, further evaluation is needed against acceptable reference standards.  
 
Ophthalmoscopy combined with 45º retinal photography: 
Combining these two techniques increased sensitivity for detecting sight threatening retinopathy in all operators across five studies 
 
Studies of the use of 45º retinal photography demonstrate that it is possible to reach an acceptable standard of clinical practice with 
such methods. The results are not dependent on the type of professional involved, but data for between-observer variations 
underline the need for training in reading the photographs or images.  
 
Combined studies of ophthalmoscopy with retinal photography demonstrate that although retinal photography may reach an 
acceptable standard of sensitivity and specificity, ophthalmoscopy is still below standard. Therefore ophthalmoscopy should not be 
the method of choice of most professionals for screening/review of retinopathy. 
 
Effectiveness of screeners and screening methods: 
Comparison of healthcare professionals 
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No studies reported whether differences found in sensitivities of healthcare professionals were statistically significant  
 
Comparison of ophthalmoscopy and non mydriatic retinal photography 
Sensitivities between these two methods were not statistically significant.  
In detecting moderate to severe and proliferative retinopathy, assessment of non-mydriatic retinal photographs had a higher 
sensitivity than ophthalmoscopy interpretation by ophthalmologists (61% vs. 33%) but these differences were not statistically 
significant. Another study showed significantly higher specificity with ophthalmoscopy than non-mydriatic photographs (pless 
than0.0001) 
 
Comparison of ophthalmoscopy and mydriatic retinal photography 
Three studies showed better sensitivity achieved by mydriatic photographs than ophthalmoscopy and similarly for detection of 
moderate to severe and proliferative retinopathy. In the detection of sight threatening retinopathy retinal photographs achieved 
sensitivities of 87% compared to 66% in ophthalmoscopy 
 
Comparison of mydriatic and non-mydriatic retinal photography: 
Mydriatic photography was demonstrated to have greater sensitivity than non-mydriatic photography in one study comparing the 
two methods, but no significant difference was seen in a second study. Comparison of two studies evaluating these two methods 
individually shows a greater sensitivity (87%, 91% and 89%) compared to non-mydriatic retinal photography (56% and 60% 
sensitivity) 
 
Mydriatic 45º retinal photography/imaging appears the most effective test when screening for, or when reviewing established 
diabetic retinopathy 
 
Visual acuity testing 
There is a lack of discrete evidence about the role and usefulness of visual acuity testing in retinopathy screening. As a result no 
recommendation for its use in systematic screening programmes has been included in the National Screening Committee report. 
However broad consensus exists for its usefulness as an essential element of the overall approach to eye care for people with 
diabetes, and therefore an important part of clinical practice. The Royal College of ophthalmologists clinical practice guideline 
include its use as part of the overall eye care approach. This view was supported by the retinopathy working group. 
 
Macular oedema 
Diagnosis of macular oedema rests on the use of stereoscopic, slit lamp, indirect ophthalmoscopy in expert hands. 
Presence of macular oedema requires referral within four weeks. 
Due to the difficulty of differentiating non-significant and clinically significant macular oedema, the use of visual acuity testing is 
recommended for routine proactive. Reduced visual acuity is an indication for specialist referral. 
 
Mydriasis 
Mydriasis using tropicamide (0.5–1%) is safe and the risk of inducing acute glaucoma was close to zero.  
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Stronger combined mydriatics had an overall risk of between 1/3300 and 1/20000 of inducing acute glaucoma. 
Use of pilocarpine to reduce mydriasis is potentially harmful and should be discouraged. 

Hierarchy of Evidence Grading NICE 

Comments Based on Hutchinson A, McIntosh A, Peters J et al 2001 Clinical guidelines and evidence review for Type 2 diabetes: Diabetic 
retinopathy: early management and screening. Sheffield: ScHARR, University of Sheffield 
Areas of care covered by the evidence review: 
Screening method 
Professional performing screening method 
Location of screening 
Classification of patient of result of screen 
Screening interval 
Risk factors and speed of progression  
Full details of the methodology are outlined in the document  
Databases Searched: Cinhal, Cochrane Trials Register, Embase, Healthstar, Medline, Psyclit, Science Citation, Social Science 
Citation, HEED, NHS Economic Evaluation Database for Economic Evaluations, ECRI HTAIS. Trial registers searched for 
ongoing and unpublished trials and conference proceedings were examined using the Index to Scientific and Technical Conference 
Proceedings (ISI). Access to grey literature was through the HMIC database and SIGLE. 
Databases searched from 1983–1999 
Search terms not included. 
Details of search strategies available from the authors. 
Assessment and grading of papers retrieved was conducted independently by two reviewers and disagreements were resolved by 
discussion. 
Papers graded according to study design using the AHCPR hierarchy 
Specific clinical questions addressed are not detailed in the guideline report 
To address patients view representation was provided by Diabetes UK on the advisory group and recommendations panel. 
Diabetic retinopathy working party included a Diabetes Care Adviser from Diabetes UK 
Not all studies use an appropriate Gold Standard 
Evidence statements and recommendations all relate only to care for individuals rather than establishment of a national screening 
programme.  
Individual studies included in the review are small, potential selection bias could limit their individual generalisability 
Other biases such as experience, training and motivation may be present given the limited numbers of personnel in many of the 
studies. 

Trials included  See original study 
Reference / Citation  201 
 
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 16 of 40 

 
 

 
  

Q 45  What screening tests should be used for diabetic eye damage in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Henricsson M, Karlsson C, Ekholm L, Kaikkonen P, Sellman A, Steffert E, Tyrberg M 2000 Colour slides or digital photography in 
diabetes screening— a comparison. Acta Ophthalmologica Scandinavia 78:164-168 

N= 279 diabetic patients  
n=200 screened with digital retinal images vs. colour photography  
n=79 screened with digital retinal images plus digital redfree photography vs. colour photography 
Sweden 

Research Design Diagnostic study 
Aim A study to evaluate the accuracy of screening tests 
Population Type 1 and Type 2 diabetes 
Intervention 50º Digital colour photography with the Topco Imagenet System  

80 patients were also screened with digital redfree, monochrome, black and white images using the same system 
Comparison 50º 35mm retinal colour photography performed in pharmacological mydriasis 

Outcome Screening accuracy 
Digital images and slides were taken by an ophthalmologic nurse. 
Grading of digital images and slides were performed by the same ophthalmologic nurse and by an ophthalmologist independently, 
at different times, and in a different order. Inter-grader variation was obtained by comparing gradings 

Characteristics mean age 59 (10-84), men=167 (60%), patients with no diabetic retinopathy = 142 (51%) 
Results  Intragrader and intergrader agreement: Intragrader: Ophthalmologists: 77% (weighted kappa 0.84; 95% CI 0.74— 0.93) for digital 

retinal images and 83% (weighted kappa 0.84; 95% CI 0.74— 0.98) for colour slides, compared to Ophthalmic nurses: 70% 
(weighted kappa 0.77; 95% CI 0.68— 0.87) for digital retinal images and 84% (weighted kappa 0.88; 95% CI 0.78— 0.97) 
Exact Intergrader agreement was achieved in 77% of grading for digital colour images, 85% in colour slides and 71% of digital 
redfree images 
Digital colour images vs. colour slides: Exact agreement in 82% (weighted kappa 0.88; 95% CI 0.80-0.96) 
Undergrading in digital images was found in 34 patients (12%) and overgrading in 15% of patients 
Taking digital colour images as a reference standard, sensitivity and specificity for detection of any retinopathy on digital images is 
93% and 91% respectively. The positive predictive value is 91% and negative predictive value, 93% 
Digital redfree images vs. colour slides: Exact agreement in 66% (weighted kappa 0.79; 95% CI 0.64-0.91), overgrading occurred 
in 25 patients (32%) and undergrading in 2 patients (3%) 
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Digital redfree images and redfree black and white images vs. colour slides: There was an 85% agreement between the two digital 
images graded together and colour slides (weighted kappa 0.86; 95% CI 0.71-1.00). Retinopathy was overgraded in 9 patients 
(11%) and undergraded in 3 patients (5%) 

Hierarchy of Evidence Grading DS 

Comments Nurses and ophthalmologists had no knowledge of the patients clinical data 
Classification of DR was by modified Wisconsin Epidemiologic Study of Diabetic Retinopathy  
Digital images were enhanced at the examiners discretion 
Diabetic retinopathy was graded on Digital colour and Digital redfree images first in separately and then together 
Discrepancies in grading were resolved by an independent adjudicator 
Regrading of the colour images of the first 200 patients by each examiner was carried out after six months 
Study designed with a statistical power of 80% for detecting a difference in the grading of 10 retinopathy levels, given a 
significance level of 0.05 
Patients were mainly free of diabetic retinopathy. Only a small proportion of patients included in this trial had proliferative diabetic 
retinopathy graded as severe or above, thus interventions are not being tested for diagnosis of more severe retinopathy 

Reference / Citation   
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Q45 What screening tests should be used for diabetic eye damage in adults with type I diabetes? 
 

Author / Title / Reference / Yr  Larsen, N., Godt, J., Grunkin, M., Lund-Andersen, H., & Larsen, M. 2003, "Automated detection of diabetic retinopathy in a 
fundus photographic screening population", Investigative Ophthalmology & Visual Science., vol. 44, no. 2, pp. 767-771. 

N= N=260 eyes in 137 diabetic patients. 
Location: The Steno Diabetes Center, Greater Copenhagen area of Denmark.   
Sites:1. 

Research Design Diagnostic study. 
Aim The study evaluated the performance of an automated fundus photographic image-analysis algorithm in high-sensitivity and/ or 

high specificity segregation of patients with diabetes with untreated diabetic retinopathy from those without retinopathy.   
Population Inclusion criteria per patient were an established history of diabetes mellitus, type 1 or type II and availability of at least one 

macula-centred colour fundus photograph from at least one eye.  Exclusion criteria per eye were previous photocoagulation or 
surgical treatment of diabetic retinopathy or other vitreoretinal disease and media opacities precluding adequate visualization of the 
fundus by fundus photography, as evaluated at the routine screening sessions. 

Intervention An automated fundus photographic image-analysis algorithm (Retinalyze System; Retinalyze A/S, Hørsham, Denmark). 
Comparison The reference standard which was a grading of macula-centred slides by an experienced ophthalmologist who classified each eye as 

having or not having diabetic retinopathy. The photographs were shown in random order of presentation.  The reference grader was 
allowed as much time as needed to review the slides.  The grading was made with the aid of magnifiers and a slide projector. 
Additionally comparisons were made with routine grading by a retina specialist. 

Outcome Sensitivity and specificity to detect retinopathy. 
Characteristics No patient characteristics reported. 
Results  The automated lesion detection correctly identified 90.1% of patients with retinopathy and 81.3% of patients without retinopathy.   

All patients with false-negative gradings had been reference-graded as having questionable retinopathy or minimal nonproliferative 
retinopathy with red lesions only.   
A per-eye analysis demonstrated that the automated lesion detection could be adapted to simulate various visual evaluation 
strategies.   
When adapted at high sensitivity, the automated system demonstrated sensitivity at 93.1% and specificity at 71.6%.  When adapted 
at high specificity the automated system demonstrated sensitivity at 76.4% and specificity at 96.6%, closely matching routine visual 
grading at sensitivity 76.4% and specificity 98.3%. 

Hierarchy of Evidence Grading DS 



National Collaborating Centre 
for Chronic Conditions 

 

Page 19 of 40 

Comments Authors conclusions: Automated detection of untreated diabetic retinopathy in fundus photographs from a screening population of 
patients with diabetes can be made with adjustable priority settings, emphasizing high-sensitivity identification of diabetic 
retinopathy or high specificity identification of absence of retinopathy, covering opposing exremes of visual evaluation strategies 
demonstrated by human observers.  The results warrant further study of the method’s practical applicability in clinical screening 
practice. 

Reference / Citation  
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Q45 What screening tests should be used for diabetic eye damage in adults with type I diabetes? 
 

Author / Title / Reference / Yr  Lin, D. Y., Blumenkranz, M. S., Brothers, R. J., & Grosvenor, D. M. 2002, "The sensitivity and specificity of single-field 
nonmydriatic monochromatic digital fundus photography with remote image interpretation for diabetic retinopathy screening: a 
comparison with ophthalmoscopy and standardized mydriatic color photography.[comment]", American Journal of Ophthalmology., 
vol. 134, no. 2, pp. 204-213. 

N= N= 403 consecutive subjects under care for diabetes mellitus.  Only 197 patients completed all 3 tests.  99% completed digital 
imaging however over 70% returned for the dilated ophthalmoscopy examination and 58% for the standard seven field colour 
photography. 
Location: The Kaiser Oakland Medical Center (California)- a large health care maintenance organization. 
Sites:1. 

Research Design Diagnostic study. 
Aim To evaluate single-field digital monochromatic nonmydriatic fundus photography as an adjunct in screening of diabetic retinopathy. 
Population Eligible patients included both type I and type II diabetic patients with any disease duration.  Patients were ineligible if they were 

less than 21 years of age, dad received laser photocoagulation treatment for diabetic retinopathy in either eye, or had been seen by an 
ophthalmologist for a retinal examination within the last 12 months. 

Intervention Single-field digital monochromatic nonmydriatic fundus  photography. 
Comparison Dilated ophthalmoscopy by an ophthalmologist (the current clinical standard) and seven Early Treatment Diabetic Retinopathy 

Study (ETDRS)standardised 35mm colour stereoscopic mydriatic images (the reference standard which has been used in clinical 
trials).   

Outcome All digital and colour photographs were classified by a standard modification of the ETDRS scale.  The Kaiser Permanente Medical 
Group Diabetic Retinopathy criteria were used to evaluate images for referral.  Any patient with retinopathy greater than 
mircoaneursyms in either eye (ETDRS retinopathy level greater than/=35) was recommended for further consultation and treatment. 
No referral was defined as ETDRS retinopathy level less than/=20).  This “referral” and “no referral” dichotomy was used in the 
sensitivity and specificity analysis.  The percentage of overcalls, undercalls, exact agreements and Kappa (k) values were examined. 

Characteristics Of the participants with all 3 tests completed, 58% were male and 75%  were aged 40-69 years (no mean age reported).  53% were 
African American, 23% were Caucasian American and 15% Asian American.  The exclusion of participants who failed to complete 
all three tests did not result in any significant age or race/ethnicity redistribution.   

Results  There was highly significant agreement (  ������3 ��������EHWZHHQ�WKH�GHJUHH�RI�UHWLQRSDWK\�GHWHFWHG�E\�D�VLQJOH�QRQP\GULDWLF�
monochromatic digital photograph and that seen in seven standard 35mm colour stereoscopic mydriatic fields.   
The sensitivity of digital photography compared with colour photography was 78% with a specificity of 86% for referral / no referral 
for retinopathy. 
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Agreement was poor (k=0.40, P=0.0001) between mydriatic ophthalmoscopy and the seven-field standard 35mm colour 
photographs.   
Sensitivity of ophthalmoscopy compared with colour photography was 34%, with a specificity of 100%. 

Hierarchy of Evidence Grading DS 
Comments Authors conclusions: A single nonmydriatic monochromatic wide-field digital photograph was more sensitive for diabetic 

retinopathy screening than mydriatic ophthalmoscopy, the currently accepted screening method.  When adjudicated by standard 
seven-field colour photographs, the higher sensitivity of digital photography primarily reflected the reduced sensitivity of 
ophthalmoscopy in detecting early retinopathy. 
It is notable that of the participants recruited, only 48.5% completed the 3 tests.  This is mainly due to the number of participants 
who did not complete other tests after their digital imaging.  It is stated however that included and excluded participants did not 
demonstrate any significant difference in severity of diabetic retinopathy and the authors explain that this may be due to the greater 
convenience and comfort of the digital photography method. 
Digital images and seven-field colour photographs were read in a standard fashion at a remote reading centre by a specially trained, 
experienced and certified reader. Digital images were read within 3 working days of receipt and the colour fundus photographs were 
read approximately 4 weeks later after film processing.  The reader was masked to the original digital readings.  The opthalmologists 
and research associates (the latter responsible for recruitment, consent, demographic data collection and digital imaging) were not 
masked as to the identity of the patients. 
 
The included and excluded participants did not demonstrate any significant difference in severity of diabetic retinopathy. 

Reference / Citation  
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Q45 What sereening tests should be used for diabetic eye damage in adults with type I diabetes? 
 

Author / Title / Reference / Yr  Maberley, D., Cruess, A. F., Barile, G., & Slakter, J. 2002, "Digital photographic screening for diabetic retinopathy in the James Bay 
Cree", Ophthalmic Epidemiology., vol. 9, no. 3, pp. 169-178. 

N= N=200 eyes of 100 consecutive subjects. 
The study was performed in the remote communities of  Moose Factory and Moosonee, Ontario, Canada. The diabetic retinopathy 
screening programme in Western James Bay is based at the regional hospital in Moose Factory. 

Research Design Diagnostic study. 
Aim To evaluate the use of a single, 45-degree fundus image from a non-mydriatic camera for the triage of subjects at risk for diabetic 

retinopathy in comparison to a complete retinal assessment by a retina specialist  (the reference standard).  
Population One hundred consecutive patients recruited from the diabetic retinopathy screening programme.   
Intervention The subjects’ retinas were photographed by an ophthalmic photographer with a Topcon™ TRC-NW5SF non-mydriatic camera 

connected to the Topcon IMA-GEnet™2000 system.  (For 30 eyes a minimally trained health care worker also took the 
photographs).  Digital retinal colour photographs of a 45-degree field  were generated.  All images were coded for patient 
confidentiality and sent electronically for evaluation to Queens University, Ontario and the Lu Esther T Mertz Retinal Research 
Unit, New York. A retina specialist at each centre performed the image evaluations.  These examiners were blinded to the clinical 
diagnosis of the subjects. 

Comparison All participants were evaluated by one of two retinal specialists who performed a complete ocular assessment including anterior 
segment slit-lamp examination, dilated indirect ophthalmoscopy, and slit lamp biomicroscopy with a 78 diopter lens.   

Outcomes The Kappa statistic for two independent observers for the identification of retinopathy from the digital images.  Sensitivities, 
specificities, positive predictive values and negative predictive values calculated from the digital images using the clinical 
examinations of the retina as the reference standard. 

Characteristics 31% male.  The mean age was 54.6 years.  
Results  The Kappa statistic for the two independent observers was 0.85 (p less than0.001) for the identification of retinopathy from the 

digital images.   
The sensitivity of the digital camera for the evaluation of any retinopathy was 84.4% whilst  for clinically significant macular 
oedema and or proliferative disease it was over 90%.  For the identification of any retinopathy, specificity was 79.2% +/-5.1%, 
positive predictive value was 73.0%+/-6.4% and negative predictive value was 88.4%+/- 4.3.   
Unreadable (low quality) images comprised only 1% of all images.  There was no statistical difference in the quality of images taken 
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by the ophthalmic photographer and the minimally trained health care professional (Chi Square Test 2.61, p=0.27). 
Hierarchy of Evidence Grading DS 
Comments Authors conclusions:  The use of a single digital retinal image for the evaluation of diabetic retinopathy was performed with a high 

degree of inter-observer concordance and a high degree of sensitivity.  The value of this finding rests in the fact that a simple and 
easily implemented photographic protocol is required if hundreds of geographically isolated communities are to be evaluated in a 
timely fashion using a small number of cameras and minimally trained technicians. 
 
The study does not specify which  type of diabetes the subjects have however it seems likely that it is a mixed type I and  type II 
population.   
 
The study was performed in the remote communities of  Moose Factory and Moosonee, Ontario.  The prevalence of diabetes here is 
close to 30% for individuals over 45 years of age.  It is not thought that this very specific population inhibits the generalisability of 
the study when considering diabetic retinopathy screening.  
 

Reference / Citation  
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9.3 Referral for specialist services 
 
 

 
  

Q 45  What screening tests should be used for diabetic eye damage in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network 2001 Management of Diabetes: A national clinical guideline 

N= 61 studies 
Research Design Systematic review – Guidelines 
Aim To determine optimum screening practice for diabetes 
Population Mixed diabetes population 
Intervention Technologies for detection and management of diabetic retinopathy 
Comparison Various controls 

Outcome Prevention, detection or treatment of diabetic retinopathy 
Characteristics Varied between studies 
Results  Risk identification and prevention 

Poor glycaemic control 
Raised blood pressure 
Increasing number of microaneurysms 
Duration of diabetes 
Microalbuminuria and proteinuria 
Raised triglycerides and lowered haematocrit 
Pregnancy 
Available evidence suggests that smoking may be a risk factor for diabetic retinopathy in type 1 diabetes. 
Patients with multiple risk factors should be considered at a high risk of developing diabetic retinal disease 
Diabetic retinal disease is the commonest form of visual impairment in type 1 diabetes. Patients have a twofold increased risk of 
cataract. Risk increases with poor glycaemic control. 
Tight blood glucose control reduces the risk of onset and progression of diabetic eye disease in type 1 and 2 diabetes. 
Reducing HbA1c by 1.5% and if possible to 7% and reducing blood pressure to 144/82 mm Hg reduces incidence and progression 
sight-threatening diabetic eye disease. This is likely also to be so for type 1 diabetes. 
Reducing BP and HbA1c below these targets is likely to reduce the risk of eye disease further.  Microvascular endpoints (including 
retinopathy) are decreased by 37% with each 1% reduction in Hba1C and by 13% for each 10mm Hg reduction in systolic blood 
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pressures.  
Good glycaemic and blood pressure control should be maintained to prevent onset and progression of diabetic eye disease 
Rapid improvement of glycaemic control can results in short worsening of diabetic retinal disease although the long term outcomes 
remain beneficial 
Sight threatening retinal disease, if present, should be stabilised before rapid clinical improvements in glycaemic control are 
achieved. 
There is absence of good evidence for any additional benefits of ACE inhibitors in diabetic eye disease. 1 RCT exists but is of poor 
methodological quality. 
 
Cardiovascular risk factors: 
Cigarette smoking. The prevalence of cigarette smoking is significantly higher in patients with diabetes than those without 
(33.27%) 
Observational studies have shown that smoking is an independent risk factor in people with diabetes and the excess risk attributable 
to smoking is more than additive 
Dyslipidaemia: 
Observational studies have shown dyslipidaemia to be commonly present in Type 2 diabetes.  
An increased concentration of LDL cholesterol or total cholesterol has also been identified as an independent risk factor for 
cardiovascular morbidity and mortality.  Each 1 mmol/l reduction of LDL cholesterol represents a 36% reduction in risk of CVD 
disease. Triglycerides are also an independent marker of increased risk of cardiovascular disease in Type 2 diabetes. 
The ongoing Fenofibrate Intervention and Event Lowering id Diabetes (FIELD) study (n=8000) is addressing whether lowering 
serum triglyceride concentrations reduces CVD events in people with diabetes with and without coronary heart disease 
Hypertension: 
Hypertension is positively related to risk of CVD death, with a progressive increase in risk with rising systolic pressures. Each 10 
mmHg reduction in systolic pressure is associated with a 15% (95% CI 12 to 18%) reduction in the risk of CVD death over 10 
years 
Hyperglycaemia: 
Increasing glycaemia (measured as HbA1c) results in increased risk of CVD morbidity and mortality. Each 1% reduction in HbA1c 
is associated with a 21% (95% CI 15 to 27%) reduction in the risk of diabetes related death and specifically a 14% reduction for MI 
over 10 yrs. No lower threshold can be demonstrated 
Other risk factors: 
No studies identifying obesity as an independent risk factor in established diabetes were identified. In addition to its role in 
identifying patients at risk of diabetic nephropathy, microalbuminuria is an independent marker associated with a doubling in 
cardiovascular risk. There is insufficient evidence to determine whether reducing albumin excretion rate specifically reduces 
cardiovascular morbidity of mortality 
 
Screening 
Who: 
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Screening is an effective at detecting unrecognised sight-threatening retinopathy  
In type diabetes, pre-proliferative retinopathy has been identified 3.5 years after diagnosis in post-puberty patients, and within two 
months of onset of puberty 
Patients with no retinopathy at baseline have greater than1% chance of developing sight-threatening retinopathy within two years.  
Patients with existing diabetic retinal disease may require more frequent retinal examination  
Systematic annual screening for diabetic retinal disease should be provided for all people with diabetes 
Patients with type 1 diabetes should be screened from diagnosis 
How: 
Diabetes UK propose that an effective screening system have 95% specificity, 80% sensitivity and less than5% technical failure 
rate 
Retinal photography frequently achieves 80 % sensitivity and is more effective than ophthalmoscopy, even when carried out by 
trained operators 
Dilated direct ophthalmoscopy should only be used for opportunistic screening.  
Screening modalities should aim to detect sight threatening retinal disease with a sensitivity �����DQG�VSHFLILFLW\����� 
Patients with ungradeable retinal photography’s should receive slit lamp and indirect ophthalmoscopy examination where possible. 
Where possible and practical screening should be performed at a site convenient to patients. 
Grading: 
Digital imaging is more sensitive than Polaroid prints and similar to 35mm film. Initial data indicates high-resolution automated 
techniques to identify the absence of microaneurysms on digital images with a sensitivity of 85%, although more research is needed 
before validation 
All screening modalities should undergo quality assurance checks (at least 1% of all screening events). 
Retinal photographs should be graded using digital images or 35 mm film by and appropriately trained grader.   
 
Treatment 
Referral intervals 
Delay in treatment of greater than2 years from diagnosis of sight-threatening diabetic retinopathy is associated with poor outcomes 
and severe visual loss.  
Royal College of ophthalmologists recommendations: 
Assess by ophthalmologist within 4 weeks if: 
There is unexplained drop in visual acuity, hard exudations within 1 disc diameter of the fovea, macular oedema is present, there 
are unexplained retinal findings, pre-proliferative or more advanced (severe) retinopathy is present 
Assess by ophthalmologist within 1 week if: 
There is new vessel formation, there is evidence of pre-retinal or vitreous haemorrhage, rubeosis iridis is present 
Assess by an ophthalmologist on the same day if  
There is sudden loss of vision, there is retinal detachment 
Method of assessing diabetic retinopathy  
Slit lamp biomicroscopy by and appropriately experienced ophthalmologist is as good as the gold standard of 7-field stereoscopic 
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photography for the assessment of clinically significant macular oedema (CSMO) and proliferative diabetic retinopathy and severe 
non-proliferative diabetic retinopathy 
 
Rehabilitation 
Low vision clinics and community self-help groups as part of a low vision service can improve the quality of life and functional 
ability for patients with visual impairment.  
Community support, low vision aids and training in their use should be provided to people with diabetes and visual impairment.  
Patients with visual impairment should be assisted to register as blind/partially sighted at an early stage. 
 
Additional recommendations made on laser treatment and vitrectomy 
 

Hierarchy of Evidence Grading Ia (various) 

Comments Systematic review of the literature carried out using an explicit search strategy devised by the SIGN information team 
All searches covered systematic reviews, meta-analysis and randomised controlled trials, extended to cover observational studies 
where appropriate. 
All searches covered: Cochrane Library, Embase, Healthstar and Medline. Where appropriate they also covered CINAHL and 
PsychInfo. 
Years searched: 1991–2000 
All selected papers were evaluated using standard methodological checklists before conclusions were considered as evidence. 
Specific clinical questions addressed are not detailed in the guideline report 
To address patients view representation was provided by Diabetes UK on the advisory group and recommendations panel. 
Diabetic retinopathy working party included a Diabetes Care Adviser from Diabetes UK 
Not all studies use an appropriate Gold Standard 
Evidence statements and recommendations all relate only to care for individuals rather than establishment of a national screening 
programme.  
Individual studies included in the review are small, potential selection bias could limit their individual generalisability 
Other biases such as experience, training and motivation may be present given the limited numbers of personnel in many of the 
studies. 

Trials included  See original study 
Reference / Citation   
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 28 of 40 

9.4 Non-surgical treatment of diabetic retinopathy 
 

 
 

Q47 What non-laser non-surgical means can be used to slow the progression of diabetic eye disease? 
 

Author / Title / Reference / Yr  Bergerhoff, K., Clar, C., & Richter, B. 2002, "Aspirin in diabetic retinopathy: A systematic review", Endocrinology & Metabolism 
Clinics of North America, vol. 31, no. 3, pp. 779-793.  

N= N=4194 from 3 studies.  
Research Design Systematic review 
Aim What is the impact of aspirin alone and in combination with other antiplatelet agents on the progression of diabetic retinopathy?  In 

patients with diabetes, what is the relative risk for the development of high-risk proliferative retinopathy with aspirin therapy? 
Operational Definition Not stated. 
Population Mixed diabetes population. The review included men and women with a clinical diagnosis of diabetes mellitus aged 17 to 70 years 

with or without diabetic retinopathy.  
Intervention Aspirin 650mg daily (or aspirin 330mg alone 3  times daily or 330mg aspirin  plus 75mg of depyridamole  3 times daily in the 

DAMAD study) 
Comparison Placebo 
Outcome Development of high risk proliferative retinopathy 

Development of microaneurysms 
Blood flow rate in the temporal retinal artery. 
Occurrence of vitreous or preretinal haemorrhage. 
Event rate for cataract extraction. 

Characteristics The number of participants in the RCTs ranged from 8 to 3711 male and female patients aged 17 to 70 years.  Only one study 
recruited type 1 diabetes patients only (Feke 1996). 

Results  The ETDRS study found that development of high risk proliferative retinopathy in eyes with the least severe retinopathy (level less 
than35) was 14.2% in the aspirin treated group and 16.8% in the placebo group (relative risk of 0.77 (0.45-1.31)).   
Life table rates of vitreous / preretinal haemorrhage had a relative risk of 1.0 (0.8-1.3).   
The 5 year life table event rates for cataract extraction were 4.1% in the aspirin treated group and 4.3% in the placebo group (relative 
risk 1.05 (0.73-1.51)). 
The DAMAD study found that in the placebo group the mean yearly increase of microaneurysms was significantly higher than in the 
treated group (P=0.02).  The treatment effect was similar in insulin-treated and non-insulin treated patient.  There was no significant 
difference between the aspirin alone group and the aspirin plus depyridamole group. 
Retinal blood flow rate (only measured in the Feke study (N=8)) increased after aspirin administration by 44%�10% in the five 
patients with no retinopathy (p=0.04) but only by 8% �10% (non-significant) in the three patients with minimal retinopathy.   
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Hierarchy of Evidence Grading Ia 
Comments Authors conclusions: The data in this review demonstrate that when using aspirin at a dose of 650mg/day, the risk of the 

development or progression of diabetic retinopathy is neither lowered or increased.  Potential preventive effects of aspirin in diabetic 
retinopathy indicated by decreased microaneurysm counts in one study should be investigated further. 
 
Due to a lack of studies in this area only 3 studies were included, one which only recruited 8 patients.  Due to disparate outcomes it 
was not possible to conduct a meta analysis. 
 
EMBASE was not searched which may give a potential N American bias. 

Studies included The Early Treatment Diabetic Retinopathy Study (ERDRS) is included as four reports (published between 1991-1995) looking at 
various subgroups (N=3711, duration 5 years).  The other studies were the Diabetic Microangiopathy Modification with Aspirin 
versus Dipyridamole (DAMAD) study group (1989, N=475, duration 3 years) and the study by Feke 1996 (N=8, duration 8 weeks).. 

Reference / Citation  
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Q47 What non-laser non-surgical means can be used to slow the progression of diabetic eye disease? 
 

Author / Title / Reference / Yr  Belgian Ticlopidine Retinopathy Study Group (BTRS) 1992 Clinical study of Ticlopidine in Diabetic Retinopathy. Ophthalmologica 
204: 4–12 

N= 100 insulin treated diabetics: Ticlopidine = 49, placebo = 51 
Belgium 

Research Design Randomised controlled trial  
Aim To evaluate the efficacy of Ticlopidine in Diabetes 
Population Type 1 or Type 2 diabetes insulin treated patients, 18–65 years with ophthalmoscopic and fluorescein-angiographic signs of 

background diabetic retinopathy and ���PLFURDQHXU\VP�SUHVHQW 
Intervention Ticlopidine 2 x 250mg tablets per day for 1 month  
Comparison Placebo 

Outcome Evolution of retinopathy determined by fluorescein angiography, and scored on a four point evaluation scale for evolution of 
retinopathy: Improvement (+1), status quo (0), slight worsening (–1), definite worsening (–2) 

Characteristics Male= 60%; age = 36 ± 12; 40 ± 13 respectively 
Results  39 Patients completed the study 

Mean treatment duration of dropouts was 1.6 ± 1.2 years, compared to 4.9 ± 2.2 years for the patients completing the study. 
70 Patients were available for intention to treat analysis (fluorescein angiogram available at 3 years or later).  
The proportion of patients who did not deteriorate compared with those who deteriorated was higher in the ticlopidine group: 55% or 
69.2% (in intention-to-treat and on-treatment analysis, respectively) compared to 36.6% and 50% in placebo group. 
Differences did not statistically significance (p=0.123 and p=0.253 respectively) due to the insufficient participant numbers. 
In the placebo group fluorescein angiography deteriorated in a significantly greater proportion of patients with higher fluctuations of 
haemoglobin A1 levels, as compared with patients with smaller haemoglobin A1 fluctuations (p=0.045). No such correlation was 
seen in the ticlopidine group 
Significantly side greater effects required discontinuation of treatment in the ticlopidine group (p less than0.05).  
Total side effects were similar between the two treatment groups 

Hierarchy of Evidence Grading Ib 

Comments The eye with the most evident signs of diabetic retinopathy was used throughout the study. 
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Compliance and compound tolerance tested annually by ex vivo platelet aggregation. 
Angiograms read anonymously and independently at regular intervals (annually) by two ophthalmologists, blinded with respect to 
the clinical centres and study medication.  
The last available fluorescein angiogram (����\HDUV�ODWHU��ZDV compared with the first.  
Signs for assessing evolution of retinopathy: onset or increase of macular oedema (lipid exudates and/or capillary leakage) and signs 
of pre-proliferative or proliferative stage (non-perfusion, ischaemia, neovascularization or vitreous haemorrhage) 
Diabetes monitored closely and Haemoglobin A1 measured quarterly to assess metabolic control. 
Blood counts performed annually, following counts at 1, 2, 3, 6 and 9 months after enrolment 
Power analysis determined required sample size, taking into account dropouts, as 160 patients per treatment group— to demonstrate 
that ticlopidine would prevent unfavourable evolution of diabetic retinopathy in 40% of patients.  
Patients were randomised into the study in blocks of 6 patients: 3 ticlopidine and 3 placebo.  
Treatment was administered in numbered boxes containing either placebo or ticlopidine.  
After randomisation each patient was followed up during the whole duration of the study irrespectively of whether they took the 
study medication.  
Patients discontinuing treatment: those requiring photocoagulation due to neovascularisation with vitreous haemorrhage 
Patients undergoing (pre)proliferative retinopathy of the retrained eye or focal photocoagulation for diabetic maculopathy did not 
discontinue treatment, but angoigraphic and clinical controls were intensified 

Reference / Citation   
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Q 47 What non-laser non-surgical means can be used to slow the progression of diabetic eye disease? 
 

Author / Title / Reference / Yr  The TIMAD study group 1990 Ticlopidine treatment reduces the progression of non-proliferative diabetic retinopathy. Arch 
Ophthalmol 108:1577–1583 

N= N= 435: ticlopidine = 220, placebo = 215 
France 

Research Design Randomised controlled trial  
Aim A study of the efficacy of Ticlodopine in treatment of retinopathy 
Population Both Tyoe 1 and Type 2 diabetes, with analysis grouped for insulin treated or not 
Intervention Ticlopidine hydrochloride 250 mg tablets, twice daily 
Comparison Placebo.  

Outcome Progression of microaneurysms, as counted on fluorescein angiography 
Follow up every three months 
Adenosine diphosphate induced platelet aggregation test performed every 6 months, according to standardised protocol, to evaluate 
inhibition of platelet aggregation under treatment and its relationship to microaneurysm progression 
Ophthalmologic examination: best corrected visual acuity and intraocular pressure 
Anterior retina examined by ophthalmoscopy and biomicroscopy. Red-free photographs taken of two 30º standard fields. One eye 
evaluated with fluorescein angiography.  
95% of angiograms were read several times (two to four) by six trained readers to improve accuracy and evaluate between-observer 
reproducibility and generate a computed average of several determinations. 
Angiograms weighted according to quality randomly qualified by a trained technician, blinded to the results.  
Retinopathy status graded according to lesions (microaneurysms always present) detected by Red-free and fluorescein photographs: 
level 1: fewer than 3 cotton wool spots, no hard exudates, less than5 microhaemorrhages, no cystoid macular oedema, no peripheral 
ischaemia, no evident change in larger vessels. Level 2: greater than3 cotton wool spots and/or one or two clusters of hard exudates. 
Level 3: at least one of: greater than2 clusters of hard exudates, cystoid macular oedema, peripheral ischaemia, deterioration in larger 
vessels, new vessels 

Characteristics Age 18-68 years, insulin treated or non-insulin treated primary diabetes 
Results  Mean yearly progression in the number of definite microaneurysms was significantly less in the ticlopidine group compared with 

placebo. (0.48±5.79 vs. 1.44±4.67, p=0.03) 
In insulin-treated patients annual microaneurysms were reduced sevenfold compared with placebo (0.23±6.66 vs. 1.57±5.29 p=0.03). 
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No statistical difference was seen for non-insulin treated patients.   
Ticlopidine treated patients experienced significant and constant hypo aggregability compared with the placebo group (pless 
than0.001)  
When results at two year follow-up (placebo=16, ticlopidine=14) were included in the analysis there was no statistical significance 
between the two groups, but a favourable trend was seen in the insulin treated patients (p=0.06) 
Progression of microaneurysms over 3 years was inversely related to the hypo aggregability level of these patients: the greater the 
aggregating effect of ticlopidine, the slower the microaneurysm progression, at �����LQKLELWLRQ�RI�DJJUHJDWLRQ��WKH�PLFURDQHXU\VP�
progression stopped or even reversed. 
Deterioration toward proliferative retinopathy occurred in nine patients in the placebo group and 3 in the ticlopidine group (4% and 
1.4% respectively, p=0.065).  
Preretinal new vessels and preretinal and prepapillary new vessels were seen in 5/9 and 4/9 patients respectively in the placebo 
group. No new vessels were seen in the three ticlopidine treated patients. 
Overall retinopathy status was similar between the two groups at 3-year follow-up.  
Retinopathy progression was significantly less severe in patients treated with ticlopidine (p=0.04) 
Side effects 
Significantly more people in the ticlopidine group suffered total side effects (pless than0.001) and diarrhoea (p less than0.05). 
Patients discontinuing treatment due to side effects: ticlopidine group = 13.2% (n=29), placebo = 3.3% (n=7) 
Safety committee established ticlopidine as plausible or likely causation for 13 of these side effects 
Discontinuation due to haematologic disorder (neutropenia, thrombocytopenia): placebo n=1, ticlopidine n=7 

Hierarchy of Evidence Grading Ib 

Comments Follow up every three months 
Adenosine diphosphate induced platelet aggregation test performed every 6 months, according to standardised protocol, to evaluate 
inhibition of platelet aggregation under treatment and its relationship to microaneurysm progression 
Ophthalmologic examination: best corrected visual acuity and intraocular pressure 
Anterior retina examined by ophthalmoscopy and biomicroscopy. Red-free photographs taken of two 30º standard fields. One eye 
evaluated with fluorescein angiography.  
95% of angiograms were read several times (two to four) by six trained readers to improve accuracy and evaluate between-observer 
reproducibility and generate a computed average of several determinations. 
Angiograms weighted according to quality randomly qualified by a trained technician, blinded to the results.  
Retinopathy status graded according to lesions (microaneurysms always present) detected by Red-free and fluorescein photographs: 
level 1: fewer than 3 cotton wool spots, no hard exudates, less than5 microhaemorrhages, no cystoid macular oedema, no peripheral 
ischaemia, no evident change in larger vessels. Level 2: greater than3 cotton wool spots and/or one or two clusters of hard exudates. 
Level 3: at least one of: greater than2 clusters of hard exudates, cystoid macular oedema, peripheral ischaemia, deterioration in larger 
vessels, new vessels 
No power analysis included 
Previously validated statistical analysis of retinal changes (mean yearly progression in number of microaneurysms on angiograms). 
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Minimum follow up = ����\HDUV 
Effect of treatment assessed by a two-way analysis of variance taking into consideration type of diabetes 
Randomisation stratified by centre and type of diabetes. No details for allocation concealment.  
Patients and investigators blinded to treatment. 
Treatment and control groups similar at start of trial. 
Some patients received ACE inhibitors for BP control.  
No details of between-site homogeneity in results 
Mean and total microaneurysm count was higher in the ticlopidine group at outset, but is not statistically significant 
Overall retinopathy status was significantly (p= 0.02) higher in the ticlopidine group at baseline.  
Mean patient follow up was 32±10 months in both groups. 
No patients were lost to follow up, patients analysed in the diabetic group to which they were originally assigned  
374/435 patients were included in the analysis of microaneurysmal progression (patients excluded had ���UHDGDEOH�DQJLRJUDPV�SHU�
year for three years: placebo = 29, ticlopidine = 32) 
Control of diabetes was identical in both treatment and control groups. Insulin treated diabetics were less well controlled that non-
insulin treated patients over the study period.  

Reference / Citation  208 
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Q 47 What non-laser non-surgical means can be used to slow the progression of diabetic eye disease? 
 

Author / Title / Reference / Yr  Pagani A, Greco G, Tagliaferro V, Marena S, Pagano G 1989 Dipyridamole administration in insulin-dependent diabetics with 
background retinopathy: a 36 month follow up. Current Therapeutic Research 45(3):460–475 

N= N=31 : dipyridamole=16, placebo=15 
Italy 

Research Design Randomised controlled trial  
Aim A study of the use of Dipyridamole in treating retinopathy 
Population Type 1 diabetes 
Intervention Dipyridamole 375 mg/day (5 tablets) 
Comparison Placebo. 

Outcome Assessment of progress of diabetic retinopathy using an antiplatelet aggregating factor, dipyridamole 
Lesions measured: microaneurysms, exudates and nonperfused ischaemic areas.  
Adverse events not documented 

Characteristics Mean age: 48±5.4 years, male=58%, mean duration of diabetes: 16.5±4.7 years 
Results  Platelet aggregation results were significantly higher in the dipyridamole group compared to placebo after 36 months (p less 

than0.0005) 
Retinopathy score values increased in the placebo group to significantly higher levels than in the dipyridamole group after 30 months 
(p less than0.05) and at the end of the study (p less than0.0025) 

Hierarchy of Evidence Grading Ib 

Comments 36 months follow up  
Patients were assessed every 6 months with: fluoroangiography (pericentral fields evaluated with retinal camera), study of platelet 
aggregation, HbA1c, blood cholesterol, blood triglycerides and blood creatinine 
Fasting blood glucose was monitored every two months 
Retinopathy score used to quantify results based on a points system around the presence of microaneurysms, exudates and ischaemic 
areas 
No description of randomisation procedure, masking or other methodological factors 
Sample size insufficient to indicate clinical significance 
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Reference / Citation  209 
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Q 47 What non-laser non-surgical means can be used to slow the progression of diabetic eye disease? 
 

Author / Title / Reference / Yr  Bursell SE, Clermont AC, Aiello LP, Aiello LM, Schlossman D, Feener EP, Laffel L, King GL 1999 High-dose vitamin E 
supplementation normalises retinal blood flow and creatinine clearance in patients with type 1 diabetes. 

N= N=59 
USA 

Research Design Randomised controlled trial  
Aim An evaluation of the use of Vitamin E supplementation in treating retinopathy 
Population Type 1 diabetes 
Intervention Vitamin E (orally, 1,800 IU/day) 
Comparison Placebo 

Outcome Retinal blood flow normalisation 
Characteristics Type 1 diabetic patients 18–45 years, less than10 years diabetes, no or minimal diabetic retinopathy 

Non-diabetic patients of similar age were entered as controls 
Results  36 diabetic and 9 non-diabetic patients completed the study.  

Patients were comparable at baseline. Average duration of diabetes was 4.3±7.1 years. Blood glucose and HbA1c levels were 
significantly greater in the diabetic group (p less than0.001) 
Five diabetic patients had retinopathy (ETDRS level 20) in one eye, and one patient in both eyes. All others had no significant 
retinopathy. 
There were no significant baseline differences between those completing the study and the 14 dropouts. 
No significant change in blood glucose level of average HbA1c was seen in the diabetic patients throughout the study. 
Serum cholesterol and LDL levels showed a nonsignificant trend toward increasing after vitamin E treatment in diabetic patients. 
Visual acuity, visual function and intraocular pressure were normal for all patients and did not change over the course of the study. 
Changes in retinopathy level were seen in 6 patients (level 10 to 20 n=4, level 20 to 10 n=2) 
Following 4 months vitamin E treatment, there was a significant decrease (p=0.002) in retinal MCT and a significant increase (p 
less than0.001) in retinal blood flow in diabetic patients, with normalisation of both parameters, compared with nondiabetic 
patients. 
Regression analysis showed no statistically significant association between baseline HbA1c and retinal blood flow (p=0.14) 
Side effects: one diabetic patient developed a low thyroid result and discontinued treatment.  
No discernable association with vitamin E treatment was observed for other side effects (dizziness, headache, nausea, breast pain, 



National Collaborating Centre 
for Chronic Conditions 

 

Page 38 of 40 

fatigue, diarrhoea, n=10) 
No significant difference was seen in clinical laboratory values, liver function, lipids and blood chemistries 

Hierarchy of Evidence Grading Ib 

Comments 8-month follow up, crossover at 4 months.  
10 diabetic and 4 non-diabetic subjects withdrew from the study after the initial visit. 
Patient recruitment based on variances of prior retinal blood flow measurements and desire to detect a 20% change in retinal blood 
flow at a significance of p=0.05, power=0.8 
Placebo and vitamin E administered in identical capsules 
Patients discontinued existing vitamin E supplementation 2 months before study 
Screening evaluation with 7-standard field stereo fundus photography, visual acuity, D15 Colour Hue test, Amsler Grid test, 
intraocular pressure measurement and a urinalysis.   
Eligible patients produced timed overnight urine samples and were assessed for seated blood pressures, heart rates, and retinal 
blood flow measurements before randomisation. 
Subsequent visits were every four weeks, limited blood testing (T3, T4, PT, PTT, complete blood count and platelets, lipids and 
serum vitamin E levels) occurred and patients completed a questionnaire reporting symptoms potentially associated with high-dose 
vitamin E treatment. At crossover initial testing of blood pressure etc was repeated. 
Compliance assessed by capsule count at each visit and serum vitamin E levels. 
Retinal blood flow measured from video recordings of fluorescein dye passage through the retinal circulation using a scanning laser 
ophthalmoscope, providing men circulation times, presented as averages for the four retinal quadrants. 
No discussion of method of allocation concealment. Insufficient description of methodology   
Retinal blood flow is surrogate outcome for diabetic retinopathy. Due to short follow-up period no concrete conclusions can be 
drawn about the usefulness of vitamin E supplementation in the prevention or treatment of diabetic retinopathy. 
Statistical analysis performed using SigmaStat statistical analysis package. Group analysis performed using one-way analysis of 
variance (ANOVA). Populations tested for normality using Kolmogorov-Smirnov test and variance equality using Leven Median 
test 
Average duration of diabetes is short and potentially unrepresentative of target population of this guideline. 
Control group of insufficient size to draw conclusions about treatment. 
Study not evaluating clinical therapeutic benefit. 

Reference / Citation  211 
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Q 47 What non-laser non-surgical means can be used to slow the progression of diabetic eye disease? 
 

Author / Title / Reference / Yr  Van Gerven J, Boot J, Lemkes H, van Best J 1994 Effects of aldose reductase inhibition with tolrestat on diabetic retinopathy in a 
six months double blind trial. Documenta Ophthalmologica 87:355–365 

N= N=31 diabetic patients:  tolrestat = 14, placebo = 16 
The Netherlands 

Research Design Randomised controlled trial  
Aim A trial to evaluate the efficacy of tolrestat in diabetic retinopathy 
Population Mixed diabetes population 
Intervention Tolrestat 200mg orally 
Comparison Placebo 

Outcome Progression of diabetic retinopathy 
Patients were regularly examined for adverse effects. 
Parameters measured on both eyes, the average of both eyes was used for analysis, except where measurements could be adequately 
performed in on eye only. 
Lesions individually scored on a decimal scale (no lesion, 0, to worst lesion, 9) using an extension of the modified Airlie House 
classification 
Vitreous fluorophotometry was used to calculate the permeability value of the blood retinal barrier from the fluorescein 
concentration in the vitreous and the time integral of the non-protein bound plasma fluorescein concentration 

Characteristics Age: 56.5±8.8 vs. 55.4±9.2 years; diabetes duration: 18.7±10.1 vs. 17.6±7.7 years for tolrestat vs. placebo respectively 
Study groups were comparable at outset, both groups exhibiting a wide range of retinopathic lesions 

Results  Differences in scoring results of fundus photography and fluorescein angiography were similar after treatment with tolrestat and 
placebo 
Only scores of hard exudates, intraretinal haemorrhages and focal fluorescein leakage changed more than 10% in any patient. 
Worsening of fluorescein leakage in the placebo group was significantly different to the average improvement in the tolrestat group 
by both direct comparison of results (p = 0.02) and by subtraction of the initial from the final scores (p=0.007)  
Changes in the permeability values of the blood retinal barrier were not significantly different between the two groups. 
Side effects: no serious adverse effects were observed 
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Hierarchy of Evidence Grading Ib 

Comments Diabetic retinopathy investigated with seven standard field 30º Red-free fundus photography prior to study initiation and in 
combination with fluorescein angiography throughout the study period. 
Compliance checked with capsule counts (�����LQ�DOO cases) 
Treatment administered in a double blind fashion. 
Sample size insufficient for extrapolation to guideline population  
Surrogate outcome used to measure effect on diabetic retinopathy progression 
Study uses verified classification system for diabetic retinopathy 
Lesions were scored for each eye without knowledge of the order in which the photographs were made (before or after treatment), 
changes scored independently by direct comparison of the initial and the final fundus photographs and fluorescein angiograms. It 
was unknown whether patients had been treated with placebo or tolrestat 
Two patients in the tolrestat and five in the placebo group were receiving antihypertensive treatments, which may affect the 
outcome of diabetic retinopathy 
Verified statistical packages were used for all data analysis 

Reference / Citation   
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10 Management of complications: diabetic kidney disease 
 

10.1 Kidney damage 
 

 
  

Q 49  In adults with Type 1 diabetes what is the optimum method of surveillance for the detection of emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Tabaei BP, Al-Kassab AS, Ilag LL, Zawacki CM, Herman WH. 2001 Does microalbuminuria predict diabetic nephropathy? 
Diabetes Care, Volume 24, Number 9 

N= n = 23 diabetic subjects with persistent microalbuminuria (MA) and 209 diabetic subjects with normoalbuminuria 
USA 

Research Design Prevalence study 
Aim To study the relation ship between nephropathy and microalbuminuria 
Population Mixed diabetes population 
Intervention Albumin measured by ELISA 
Comparison Not applicable 

Outcome Nephropathy 
Characteristics Not stated 
Results  Risk of progression to MA and DN 

Type 1 diabetes 
Over 7-year observation period, five (56%) of the microalbuminuric patients with type 1 diabetes became normoalbuminuric, 
3 (33%) remained microalbuminuric, and one (11%) developed DN. 
Among normoalbuminuric subjects with type 1 diabetes, six (11%) developed MA and one (2%) progressed to DN. 
Type 2 diabetes 
Of the subjects with type 2 diabetes four (57%) of the microalbuminuric subjects became normoalbuminuric, three (47%) 
remained microalbuminuric, and none progressed to DN. 
Among the normoalbuminuric subjects with type 2 diabetes, seven (24%) developed MA and five (17%) progressed to DN. 
Predictors of progression to MA and DN. 
Type 1 diabetes 
Systolic blood pressure, GHb and triglycerides were significantly higher in progressors compared with nonprogressors. 
Type 2 diabetes 
GHb and triglycerides were significantly higher in progressors compared with nonprogressors. 
The predictive value positive of MA as marker of risk for DN was 43%, and the predictive value negative was 77%. 
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In the combined cohort, the incidence and progression of MA were significantly associated with poor glycaemic control and 
duration of diabetes between 10 and 14 years. 

Hierarchy of Evidence Grading III 

Comments Based on the results of random urine samples, 232 diabetic patients were classified as normoalbuminuric or microalbuminuric. 
Normoalbuminuric defined as urinary albumin to creatinine ratio less than30mg/mg in two or more urine samples and no more 
than one value greater than30mg/mg. 
Microalbuminuria (MA) was defined as urinary albumin to creatinine ratio 30-299mg/mg in at least two urine samples. 
At follow-up diabetic neuropathy (DN) was defined by albumin-to-creatinine ratio greater than 300mg/mg. 
Both groups examined at baseline and after 7 years – medical history and characteristics taken. Laboratory evaluations 
included serial measurements of GHb and total cholesterol, HDL cholesterol, and triglycerides over a 12-month period. 
At baseline, urinary albumin-to-creatinine ratios were studied in two or more random, first morning, and 24h urine samples. 
At follow-up, a 12-h overnight urine sample was collected and analysed for albumin and creatinine. 
Baseline characteristics of groups similar; however, in both types of diabetes, more female subjects had microalbuminuria at 
baseline. 
120 patients lost to follow-up or refused to participate, 2 subjects died. 
Total of 110 (48%) diabetic subjects completed the longitudinal study (83% of the cases and 44% of the control subjects).  
11 subjects were excluded from the analysis because the criteria for frequency matching were not met. 
Differences between groups assessed with chi-squared test and confidence limits controlling for age, type and known duration 
of diabetes. 
Frequency of progression from normoalbuminuria to MA/DN and from MA to DN as well as the statistical significance 
between progressors and nonprogressors were assess with Wilcoxon’s rank-sum test for continuous variables and Fisher’s 
exact test for categorical variables. 
The predictive value positive (PVP) for MA as a marker of DN was defined as the probability of remaining microalbuminuric 
or developing DN given MA at baseline. The predictive value negative (PVN) for MA as a marker of DN was defined as the 
probability of remaining normoalbuminuric given and absence of MA at baseline. 
Bivariate and multivariate logistic regression analysis was performed to evaluate the strength of the association between the 
predictor variable and the probability of progression adjusted for type of diabetes and baseline MA status. 
Odds ratios were estimated for duration of diabetes, GHb, total cholesterol and ACE-inhibitor use at follow-up 

Reference / Citation  212 
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Q 49  In adults with Type 1 diabetes what is the optimum method of surveillance for the detection of emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Microalbuminuria Collaborative Study Group 1999 Predictors of the development of microalbuminuria in patients with type 1 
diabetes mellitus: a seven-year prospective study. Diabetes Med. 16, 918-925 

N= N=148 
UK 

Research Design Prevalence study 
Aim To determine risk factors for the development of persistent microalbuminuria in type 1 diabetes 
Population Type 1 diabetes 
Intervention Risk factors for the development of persistent microalbuminuria (albumin excretion rate (AER) greater than30mg/min in type 

1 diabetes mellitus 
Comparison Not applicable 

Outcome Urinary albumin measured by radioimmunoassay 
Characteristics aged 16-60 years, diabetes onset before age of 39 years, duration of diabetes less than 35 years, taking insulin constantly from 

diagnosis, no albuminuria as measured by dipstick testing, sitting blood pressure less than 160/95 mmHg on no 
antihypertensive treatment and no clinical evidence of cardiac or renal disease. 

Results  Baseline follow-up 
In a median follow-up period of 7 years (range 6 months to 8 years), 14 patients progressed to persistent microalbuminuria (p 
less than0.0001), a cumulative incidence of 11% (95% confidence interval 6.36-16.94). 
AER remained persistently less than30mg/min in 109 subjects and 25 developed intermittent microalbuminuria. 
In those who developed persistent microalbuminuria, baseline AER (16.2 (13.9-19.1) vs. 5.2 (3.8-9.2) mg/min, p less 
than0.01), blood pressure (136 (123-148)/80 (74-85) vs. 121 (118-124)/72 (70-73) mmHg, p less than0.05) less. 
In multivariate analysis, baseline AER was the strongest predictor of the development of persistent microalbuminuria (p less 
than0.0001), followed by mean arterial pressure (p=0.02) and HbA1 (p=0.05) 
Time-related changes 
Albumin excretion rate showed a sustained elevation in those patients developing microalbuminuria and blood pressure 
remained consistently higher in this group 
28.6% of patients who developed microalbuminuria started antihypertensive treatment during follow-up, compared with 12% 
developing intermittent microalbuminuria and 4.6% of those remaining normoalbuminuria (p = 0.002) 
Gyrated haemoglobin was significantly higher throughout the study in the group who developed persistent microalbuminuria 
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Predictors of microalbuminuria 
Baseline AER was the dominant predictor of the development of microalbuminuria (p less than0.0001), with baseline mean 
arterial blood pressure and HbA1 also contributing. 

Hierarchy of Evidence Grading III 

Comments Patients were followed prospectively in hospital diabetes outpatients’  clinics for a median of 7 years. 
Patients seen every 6 months by researchers working to standardised manual of operations. 
At each visit blood pressure measured twice, weight was recorded and blood taken, smoking status and dietary history. 
Main outcome measures were progression to persistent microalbuminuria (albumin excretion rate greater than30mg/min on at 
least two consecutive occasion); rate of change of albumin excretion rate; development of arterial hypertension (systolic blood 
pressure greater than 160 mmHg and/or diastolic blood pressure greater than 95mmHg or commencement of antihypertensive 
therapy. 
Definition of normoalbuminuria: AER less than 30mg/min on all occasions; intermittent microalbuminuria: AER greater than 
30 mg/min on one or more non- consecutive occasions; persistent microalbuminuria: AER greater than 30 mg/min; persistent 
microalbuminuria: AER greater than 30 mg/min on two or more consecutive occasions. 
Kruskal-Wallis test was used to compare differences in continuous variables between the three groups at baseline. 
Multiple pairwise comparisons were carried out using the Mann-Whitney test with correction for multiple testing by the 
Bonferroni test. 
For comparison of categorical variables, the continuity adjusted chi-square test or Fisher’ s exact test were used as appropriate. 
Kaplan Meier life table analysis was performed to calculated the cumulative incidence of microalbuminuria and Cox’ s 
proportional hazards regression model used to evaluate the relative contributions of covariates to the risk of developing 
persistent microalbuminuria. 
Allowance made for different lengths of follow-up 
Differences in rates of change of variables were tested. 
Comparison within groups was by Wilcoxon signed rank sum test and between group by multiple weighted linear regression. 
Correlations between baseline variable and the rate of change of AER were by weighted correlation coefficients. 
24 patients did not complete follow-up. Reasons were given for loss to follow-up. 

Reference / Citation  214 
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Q 49  In adults with Type 1 diabetes what is the optimum method of surveillance for the detection of emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Almdal T, Norgaard K, Feldt-Rasmussen B, Deckert T. 1994 The predictive value of microalbuminuria in IDDM – a five-year 
follow up study. Diabetes Care, Vol 17 No 2 

N= 118 with type 1 diabetes (18-50 years of age). 
112 matched control patients with normal UAE with an age at diabetes onset of less than31 years. 
Denmark 

Research Design Prevalence study 
Aim To investigate the predictive value of microalbuminuria and the annual increase of albumin excretion as risk factors for 

diabetic nephropathy. A five-year follow up for patients with microalbuminuria 
Population Type 1 diabetes 
Intervention Patients with microalbuminuria (urinary albumin excretion [UAE] = 30-299 mg/24h 
Comparison Patients with normoalbuminuria (UAE less than 30mg/24h) 

Outcome Development of kidney disease 
Characteristics Ketosis prone with diabetes onset less than31 years of age (between 18-50 years of age) and regularly attended outpatient 

clinic 
Results  After 5 years; 

39 (33%, 24-42 CI [95% confidence interval] patients with microalbuminuria had normoalbuminuria 
57 (48%, 38-57 CI) still had microalbuminuria 
22 (19%, 12-27 CI) had developed diabetic nephropathy. 
The median value of UAE in patients with microalbuminuria who regressed to normoalbuminuria was significantly lower than 
those who remained microalbuminuric or developed diabetic nephropathy (p less than0.02), and the median value of the latter 
group was significantly higher than those staying microalbuminuric (p less than0.02) 
Among the 112 patients with normoalbuminuria in 1985, 9 (8%, 4-15 CI) had developed microalbuminuria, and 2 (2%, 0-6 
CI) had developed diabetic nephropathy. 
Of the 79 patients with persistent albuminuria, only 36 (46%, 34-57 CI) were progressors with a high rate of progression of 
greater than 5%/year. 
Progressors had significantly higher HbA1c, higher mean blood pressure, and a higher incidence of proliferative retinopathy 
than nonprogressors. 
Multiple regression analysis only identified mean HbA1c as an independent predictor of the rate of progression. 
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Smoking was significantly more prevalent in patients with persistent albuminuria 
Hierarchy of Evidence Grading III 

Comments Initial classification was calculated by linear regression analysis of log-transformed UAE on time. 
During five-year follow-up, patients were followed according to the hospital routine i.e. attending hospital 3-5 times per year. 
Throughout each year, 1-3 times a year, 24-h UAE was determined. 
HbA1c was determined 2-4 times each year, BP 1 time each. 
Main outcome measures were UAE, annual change in UAE rate (percentage per year), and the prevalence of retinopathy 
Patients were classified as progressors, if they had an increase in UAE of greater than5%/year and non progressors if the 
increase was less. 
Baseline characteristics of patients similar. 
In 15% of patients, only three UAE values each year were available. 
Yearly relative change in UAE was calculated as the slope of the linear regression of log-transformed UAE on time. 
Differences between groups were examined with an unpaired Student’ s t-test or Mann-Whitney test if the data were not 
normally distributed.  
Differences in frequencies were examined by the chi square test. 
Within the group of patients having a progression of greater than5%/year, the dependence of the rate of progression on other 
variables was studied by multiple linear regression analysis. 

Reference / Citation  213 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Beatty OL, Ritchie CM, Hadden DR, Kennedy L, Bell PM, Atkinson. Is a random urinary albumin concentration a useful 
screening test in insulin-treated diabetic patients? 

N= N=249 
Research Design Diagnostic study 
Aim Screening test accuracy 
Population Type 1 diabetes 
Intervention Urinary albumin concentration by radioimmunoassay  
Comparison Not applicable 

Outcome Immuno-nephelometry  
Characteristics Not recorded 
Results  Duration of diabetes and systolic blood pressure were significantly higher in the group with microalbuminuria at the baseline 

examination 
During eight-year follow-up, 10 of 43 (23.3%) patients with microalbuminuria had died compared with six of 43 (13.9%) 
patients with normoalbuminuria. (p=0.17) 
Six of the deaths in the group with microalbuminuria and four of those with normal urinary albumin concentration were due to 
myocardial infarction. 
Logistic regression analysis showed serum creatinine (odds ratio 1.03, 95% CI 1.01, 1.06) and the presence of ischaemic heart 
disease (odds ratio 6.56, 95% CI 1.62, 26.5) at the baseline examination to be significant predictors of mortality in the group 
with microalbuminuria. 
In the group with persistent microalbuminuria (n = 10) there was a significant increase in serum creatinine [78.3 (5.6) v 104.8 
(8.0) mmol/l (p less than0.01) 

Hierarchy of Evidence Grading DS 

Comments 249 patients in 1984. 
At baseline (1984) and final (1992) examinations age, height, weight, duration and treatment of diabetes were recorded. 
Blood pressure was measured, venous blood taken for HbA1 and serum creatinine. 
All had spot urine samples. 
Urinary albumin was measured by radioimmunoassay (1984) and immunephelometry (1992) – upper limit of normal range of 
urinary albumin concentration was 35 mg/ml. 
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Serum creatinine measured by Jaffe reaction. 
Urinary albumin concentration greater than300mg/ml was defined as nephropathic, 35-300 mg/ml as microalbuminuria and 
less than35 mg/ml as normal. 
43/249 had a urinary albumin concentration of 35-300 mg/ml and were defined as having microalbuminuria. 
Eight years later, these 43 patients were compared with an age- and sex-matched control group from the 1984 cohort who at 
that time had had a urinary albumin concentration less than35mg/ml 
Statistical analysis was carried out with SSPS packages. 
Proportions for nephropathy were compared with Fisher’ s exact chi squared test for mortality with McNemar’ s test. 
Logistic regression compared risk factors for mortality and analysis of variance compared variables associated with 
progression to nephropathy. 
Different tests used in 1984 and 1992 
No mention of blinding to 1984 test results 

Reference / Citation   
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Q 49  In adults with Type 1 diabetes what is the optimum method of surveillance for the detection of emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Coonrod BA, Ellis D, Becker DJ, Bunker CH, Kelsey SF, Lloyd CE, Drash AL, Kuller LH, Orchard TJ. 1993 Predictors of 
microalbuminuria in individuals with IDDM. Diabetes Care, Vol 16, Number 10 

N= N=256 
USA 

Research Design Case series 
Aim To examine relationships between microalbuminuria and the development of overt diabetic nephrology, elevated blood 

pressure, and a more atherogenic lipid profile, and to identify risk factors for the development of microalbuminuria in 
individuals with type 1diabetes 

Population Type 1 diabetes 
Intervention Predictors of microalbuminuria 
Comparison Not applicable 

Outcome Microalbuminuria 
Characteristics Subjects were diagnosed with type 1 diabetes at less than17 yrs of age during 1950-1980 and are not under the care of the 

investigators 
Results  At follow-up, i.e. 2 years later, 24 (9 men and 15 women) had developed microalbuminuria (AER 20-200 mg/min in greater 

than2 timed urine collections) and 1 woman had developed overt nephropathy (AER greater than 200 mg/min). 
Those who progressed from normoalbuminuria to microalbuminuria or overt nephropathy had, at baseline higher levels of 
HbA1 (p less than0.001), low-density lipoprotein (p less than0.01), duration of IDDM (p less than0.05), and systolic blood 
pressure (p = 0.05). 
Sex-specific analyses showed HbA1, age, and baseline AER were particularly important for men, whereas for women, the 
main predictors were duration of IDDM and triglycerides. 
Duration-specific analyses showed that HbA1 was an important predictor both for individuals with less than and greater 
than20-yr duration. 
Low-density lipoprotein cholesterol was more important for subjects with shorter durations, whereas triglycerides were 
important for those with longer duration. 

Hierarchy of Evidence Grading III 

Comments Baseline characteristics were examined in 256 individuals with IDDM who had normal albumin excretion (urinary AER less 
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than 20 mg/min) in greater than2 timed urine collections) and were re-examined two years later. 
Two weeks before scheduled clinic appointments, participants were sent urine containers and instructions in the proper 
collection of 24-h and an overnight urine specimen. 
At beginning of clinic appointment, participant instructed to completely empty bladders; this void was collected and referred 
to as preclinic samples. 
A timed post-clinic (~4h) collection was obtained over course of clinic visit. 
Patients were classified into one of the following categories; 
Normoalbuminuria (AER less than20 mg/min) 
Microalbuminuria (AER 20-200 mg/min), or 
Overt nephropathy (AER greater than200 mg/min) 
Urinary albumin concentrations were measured using an immunephelometric technique. 
Urinary creatinine concentrations were measured using an Ektachem 400 analyser. 
Adequacy of each collection determined by measured creatinine excretion. 
Hypertension was defined as sBP greater than140 mmHg and/or dBP greater than 90mmHg, and or taking antihypertensive 
medication 
One woman with overt nephropathy, which was attributable to pregnancy, was excluded. 
As the length of time between cycle 1 and cycle 2 evaluations varied somewhat among participants, incidence rates were 
measured as incidence density. 
The statistical significance of differences in group means (those who progressed to microalbuminuria or overt nephropathy 
versus those who remained normoalbuminuric) were tested using the Mann-Whitney U test statistic. 
Multiple logistic regression analyses were used to identify significant independent predictors of microalbuminuria. 
Compared with other studies, this study demonstrated similar incidence rate of microalbuminuria. 
Potential survivor bias for longer duration subjects, i.e. some of the sicker individuals may have died earlier. 

Reference / Citation  215 
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Q 49  In adults with Type 1 diabetes what is the optimum method of surveillance for the detection of emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Yip JW, Jones SL, Wiseman MJ, Hill C, Viberti G 1996 Glomerular hyperfiltration in the prediction of nephropathy in 
IDDM. A 10-year follow-up study. Diabetes Vol 45: 1729-1733 

N= N= 50 people  of which 25 type 1 diabetes 
UK 

Research Design Case control study 
Aim Case controlled prospective study (screening program of glomerular filtration rate (GFR)) 
Population Type 1 diabetes 
Intervention Type 1 diabetes patients with glomerular hyperfiltration 
Comparison Type 1 diabetes with glomerular normofiltration 

Outcome Incidence of nephropathy 
Characteristics 20 men, 5 women; initial age 29 [17-49 years] with glomerular hyperfiltration (GFR greater than135ml/min/1.73m2 
Results  Glomerular filtration rate 

Final GFR remained higher in the group with hyperfiltration (122 [109-135] vs. 103 [95-111] ml/min/1.73m1, p = 0.02) 
despite a non significantly faster rate of fall of GFR compared with that of the control group (2.54 [1.20-3.88] vs. 1.50 [1.01-
1.99] ml/min/year, p = 0.14) 
Baseline glomerular hyperfiltration was not correlated with end of study AER or the categorical outcomes of 
microalbuminuria or macroalbuminuria, but was a significant predictor of end-of-study blood pressure (p = 0.04) when 
baseline HbA1 was entered in the model. 
Metabolic control 
Gyrated haemoglobin levels were similar at baseline and fell to 8.8 (8.1-9.4%) in the group with hyperfiltration and 8.5 (7.9-
9.1%) in the group with normal glomerular filtration by five years of follow-up. They remained stable thereafter. 
Blood pressure 
A similar number of patients in each group progressed to either microalbuminuria or macroalbuminuria (n = 4 vs. n = 3) or 
developed hypertension (blood pressure, greater than 160/95mmHg; n = 3 vs. n = 4). 
Albumin excretion rate 
End of study AER was, however, higher in the group with hyperfiltration (geometric mean [95% CI]: 18.9 [11.3-31.6] vs. 11.0 
[8.1-15]; p = 0.05), and baseline glomerular hyperfiltration  was an independent determinant of end-of-study blood pressure p 
=0.04).  
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The strongest predictors of end-of-study AER and blood pressure were their baseline values (p less than0.04 and p less 
than0.01, respectively). 

Hierarchy of Evidence Grading IIa 

Comments GFR, urinary albumin excretion rate (AER), and glycated haemoglobin were measured at baseline, and at 5, 8 and 10 years. 
Patients arrive at 8.30am, having fasted from 10pm the night before. 
Asked to bring one 24h urine collection for estimation of AER by radioimmunoassay. 
Over 10 year period, three observers were responsible for data collection and worked to standard methodology. 
Blood samples taken, plasma urea measured by autoanalyzer and creatinine by Jaffe method. 
Patients then given normal injection of morning insulin 15 minutes before breakfast. 
One hour later, glomerular filtration rate assessed by single injection technique for 51Cr-EDTA. 
All measurements over 10 year period taken at central laboratory. 
Endpoints for study were the development of microalbuminuria (AER 30-200 mg/min) or macroalbuminuria (greater than200 
mg/min) and the development of arterial hypertension 
Similar entry levels of blood pressure, AER, and glycated haemoglobin. 
Metabolic control similar in both groups during follow-up 
Reasons for drop-outs given. 
75% of patients had four GFR determinations – reasons for failure to complete fourth GFR assessment similar in both groups. 
Student’ s paired t-test and Wilcoxon’ s rank sum test were used for comparison of parametric ad nonparametric values. 
Rate of change in GFR was calculated as slope of the regression line of GFR versus time for each individual patients. 
Univariate linear regression analysis was used for testing correlations between individual variables. 
Multivariate analysis evaluated the interactions of baseline and time-dependent variables on the outcome 

Reference / Citation  216 
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Q 49  In adults with Type 1 diabetes what is the optimum method of surveillance for the detection of emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Mathiesen ER, Feldt-Rasmussen B, Hommel E, Deckert T, Parving HH. 1997 Stable glomerular filtration rate in 
normotensive IDDM patients with stable microalbuminuria. A five-year prospective study. Diabetes Care, Volume 20, No 3 
286-289 

N= N=40 
Denmark 

Research Design Cohort study 
Aim To investigate long-term course of glomerular filtration rate (GFR) in IDDM patients with microalbuminuria in order to 

identify patients with stable or declining kidney function over 5-year study. 
Population Type 1 diabetes 
Intervention Glomerular filtration rate measured by 51CR-labelled EDTA 
Comparison Not applicable 

Outcome Urinary albumin excretion (UAE) measured by radioimmunoassay or ELISA 
Characteristics Forty normotensive type 1 patients with microalbuminuria (range 30-300mg/24h) were followed prospectively for 5 years of 

clinical examinations that included the measurement of GFR (51Cr-labelled EDTA clearance) at least once a year. 
Results  Using multiple regression analysis, the rate of decline in GFR was independently correlated to onset of diabetic nephropathy 

(p less than0.001) and systolic blood pressure at baseline (p less than0.05) 
Increase in UAE was correlated to the mean HbA1c during the observation period. Out of 40 patients, 14 progressed to 
diabetic nephropathy (UAE greater than300 mg/24h).  
These patients had a significant reduction in GFR (mean – 2.2 � 3.8 ml/min/year; p = 0.05), while GFR remained stable in the 
remaining 26 patients with nonprogressive microalbuminuria (change in GFR 0.5 � 2.1ml/min/year; NS) 
The difference in the rate of decline of GFR was significant (mean 2.7ml/min/year; p less than0.05) 

Hierarchy of Evidence Grading IIa 

Comments At baseline, all patients had at least two out of three consecutive urine samples with UAE 30-300 mg/24h and had an average 
of three or more blood pressure readings of less than160/95 mmHg. 
Patients received two to four insulin injections daily 
Patients seen in clinic every 4 months. 
Two 24h urine samples were collected for analysis of UAE which was measured by radioimmunoassay 
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Mean GFR at baseline was 120 � 18ml/min/1.73m2 

Using multiple regression analysis, the rate of decline in GFR was independently correlated to onset of diabetic nephropathy 
(p less than0.001) and systolic blood pressure at baseline (p less than0.05) 
Increase in UAE was correlated to the mean HbA1c during the observation period. Out of 40 patients, 14 progressed to 
diabetic nephropathy (UAE greater than300 mg/24h).  
These patients had a significant reduction in GFR (mean – 2.2 � 3.8 ml/min/year; p = 0.05), while GFR remained stable in the 
remaining 26 patients with nonprogressive microalbuminuria (change in GFR 0.5 � 2.1ml/min/year; NS) 
The difference in the rate of decline of GFR was significant (mean 2.7ml/min/year; p less than0.05) 

Reference / Citation  217 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Zelmanovitz T, Gross JL, Oliveira J, De Azevedo MJ. 1998 Proteinuria is still useful for the screening and diagnosis of overt 
diabetic nephropathy. Diabetes Care, Volume 21, Number 7 

N= N=167 
Brazil 

Research Design Diagnostic study 
Aim To assess the usefulness of urine tests at different time intervals 
Population Mixed diabetes population 
Intervention Timed 24h-urine collection (24-h urinary protein (UP)) 
Comparison diurnal urine specimen (random urine sample (RUS)) 

Outcome Timed 24-hr urinary albumin excretion rate (UAER) measured by immunoturbidity 
Characteristics 78 women and 89 men, aged 56.9 � 12.3 years 
Results  Spearman’ s coefficient of correlation of 24-h UAER versus 24-h UP was 0.95 (p less than0.001), and of 24-h UAER versus 

UPC and UPCR were 0.77 and 0.72, respectively (p less than0.001). 
The calculated areas under the ROC curve for the diagnosis of overt diabetic nephropathy were 0.9987 � 0.001 for 24-h UP, 
0.9926 � 0.006 for UPC, and 0.9751 � 0.014 for UPCR. 
In the receiver operating characteristics (ROC) curves, the first points with 100% sensitivity were 541 mg (95.7% specificity) 
for 24-h UP, 431 mg/l (92.9% specificity) for UPC, and 0.2 (76.2% specificity) for UPCR. 

Hierarchy of Evidence Grading DS 

Comments Patients were instructed in the collection of timed 24-h urine for measurements of urinary albumin excretion rate (UAER) and 
total protein. 
According to the timed 24-h UAER, samples were divided into three groups: normoalbuminuric (NORMO) (UAER less than 
20mg/min; n = 84), microalbuminuric (MICRO) (UAER 20-200 mg/min; n = 78), and macroalbuminuric (MACRO) (UAER 
greater than 200mg/min; n  = 55). 
Eighty-six patients also collected 105 RUS's (NORMO, n = 47; MICRO, n = 37; MACRO, n = 21) 
Urinary protein concentration (UPC) and urinary protein-to-creatinine ratio (UPCR) were measured. 
Urinary albumin was measured by immunoturbidity. 
Urinary total protein was measured by the quantitative 3% sulfosalicylic acid technique 
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Urinary creatinine was measured by Jaffe’ s reaction. 
The semi-quantitative dipstick method for proteinuria (Combur M) was performed according to manufacturer’ s directions 
The contribution of urinary albumin to total protein were compared using Kruskal-Wallis analysis of variance (ANOVA) and 
nonparametric multiple comparison test. 
Sensitivities and specificities of total protein measurements in timed 24-h urine and in RUS's were calculated for each sample. 
The ROC curve approach was used to analyse the performance of the screening tests. 
Statistical analyses of ROC were done using a Visicalc program and the ROC Analyser software. 
In assessing the accuracy of the ComburM test for the diagnosis of overt nephropathy, the 24-h UAER was considered the 
criterion standard. 
Blinding of test results was not discussed. 
All samples were collected n the same day. 
No distinction between type 1 and type 2 diabetics. 

Reference / Citation  220 
 
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 17 of 99 

 
 

 
  

Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Ellis D, Coonrod BA, Dorman JS, Kelsey SF, Becker DJ, Avner DE, Orchard, TJ 1989 Choice of urine sample predictive of 
microalbuminuria in patients with insulin-dependent diabetes mellitus. American Journal of Kidney Diseases, Vol XIII, No 4; 
321-328 

N= N=365 
USA 

Research Design Diagnostic study 
Aim Ability to detect microalbuminuria in 24h, 4h and overnight urine collections - 10 year follow-up study 
Population Type 1 diabetes 
Intervention Urine collections measured with multistix 
Comparison 24h, 4h and overnight samples 

Outcome Immuno-nephelometry 
Characteristics (mean and range of present age, duration of IDDM, and age at onset of the patients were 28.9 (range, 8 to 48) years, 20.3 

(range, 8 to 37) years, and 8.6 (range, 0.1 to 16) years, respectively. 
Results  Group 1 n = 292 – only 24-hour collection 

The A/C ratio in the four-hour morning urine collection was highly predictive of microalbuminuria and of 24-hr AER. 
The A/C ratio and the FEA in the four-hour or overnight aliquots were highly correlated with AER measured in the 24-hour 
urine collection. 
Group 2 n = 175 – all three urine collections 
Of the 175 patients with all three collections confirmed, a total of 31% had AER in the microalbuminuric range (20 to 200 
mg/min/1.73m2) and 30% had overt nephropathy (greater than200mg/min/1.73m2) based on albumin excretion in any one of the 
three urine collections. 
Using two or more collections in the appropriate albuminuria range resulted in a decrease in the prevalence of 
microalbuminuria to 20% and overt nephropathy to 25%. 
Creatinine clearance rates were statistically significantly different among normal, microalbuminuric, and overt nephropathy 
groups. 
Although determination of AER in any of these collections can be used to predict overt nephropathy, to predict 
microalbuminuria, the four-hour collection has greater sensitivity while affording similar specificity and positive predictive 
value compared with the overnight collection. The specificity was greater than the positive predictive value in the 24-hour 
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collection (91% vs. 79%) 
Hierarchy of Evidence Grading DS 

Comments Twenty-four, four-hour (8 to 12 am), and overnight urine collections were examined for their ability to detect 
microalbuminuria in 292 patients with insulin-dependent diabetes mellitus (IDDM).  
Albumin excretion rate (AER) was measured and also estimated from the product of the urinary albumin/creatinine ratio 
(A/C) and the calculated 24-hour creatinine excretion. 
Urinary and serum albumin concentrations were measured by an immunephelometric technique. 
The fractional excretion of albumin (FEA) was also determined in aliquots from each urine samples. 
2 groups were analysed; 
All 292 patients requiring only adequate 24-hour collections. 
175 patients with all three urine collections validated 
Sensitivity, specificity and positive predictive value of each of the three urine collections in predicting albuminuria or overt 
nephropathy in at least one of the other two urine specimens was assessed. 
Of total of 365 potential patients available, 33 were excluded because of modern ketonuria. 
40 additional patients were eliminated with invalid 24-hr collections. 
Tests was compared with reference standard 
Because AER and A/C ratios were not distributed normally, correlation and linear regression analyses, a swell as analyses of 
variance (ANOVA), were performed on log10-transformed data. 

Reference / Citation  221 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Ahn CQ, Song YD, Kim JH, Lim SK, Choi KH, Kim KR, Lee HC, Huh KB. 1999 The validity of random urine specimen 
albumin measurement as a screening test for diabetic nephropathy. Yonsei Med J, Vol 40, No. 1 

N= N=105 
S Korea 

Research Design DS 
Aim Screening test accuracy to assess the validity of urine albumin concentration (UAC) and the urine albumin:creatinine (UACR) 

ratio in a random urine specimen (RUS) 
Population Mixed diabetes population 
Intervention Urine albumin concentration (UAC) and the urine albumin:creatinine (UACR) ratio in a random urine sample (RUS)  
Comparison Urine albumin concentration (UAC) and the urine albumin:creatinine (UACR) ratio at Timed 24 samples 

Outcome Accurate diagnosis 
Characteristics (male: female, 52:53), ages 13-85 years (median 59), with 11.5 � 7/9 years of known diabetes duration, 22.5 � 2.8 kg/m2 of 

BMI, 155.5 � 57.1 mg/dl of fasting blood glucose, 10.1 � 2.2% of HbA1c, 18.1% of the prevalence of hypertension in 
subjects. 

Results  Correlation of 24h UAER vs. UAC and UACR in RUS 
Pearson’ s coefficients of correlation of 24 hour UAER vs. UAC and UACR were 0.81 and 0.75, respectively (p less 
than0.001) 
The cut-off points of microalbuminuria and macroalbuminuria in RUS by ROC curves 
The point of intersection with a 100%-to-100% diagonal for microalbuminuria was as follows: 31.0 mg/l for UAC and 
32.5mg/g for UACR; for microalbuminuria 181 mg/l for UAC and 287.3 mg/g for UACR. 
Characteristics of cut-off points 
The sensitivity and specificity of the cut-off points for microalbuminuria were 77% and 82% for UAC and 77% and 92% for 
UACR. 
The sensitivity and specificity of the cut-off points for macroalbuminuria were 84% and 90% for UAC and 88% and 90% for 
UACR. 
No difference was observed when comparing the performance of the UAC and UACR based on a statistical comparison by 
McNemar test. 
The repeated measurements of UAC and UACR in the same individual were statistically similar and were correlated with each 
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other. 
Hierarchy of Evidence Grading DS 

Comments All patients collected random urine samples after completing a timed 24-hour urine collection. 
Blood samples taken, although no specific advice made about fluid intake, exercise or protein. 
Albumin was measured by immunonephelometry, Hba1c was measured by chromatography and creatinine by Jaffe reaction 
According to time urinary albumin excretion rate (UAER) measured in the 24-hour collection (criterion standard), samples 
were classified as normoalbuminuric (UAER less than 20 mg/min n =50), microalbuminuric (UAER 20-200 mg/min n – 30), 
and macroalbuminuric (UAER greater than 200 mg/min, 2 =25). 
The receiver operating characteristics (ROC) curve of UAC and UACR in a random urine sample for screening of 
microalbuminuria (normo- and microalbuminuric samples; n = 80) and macroalbuminuria (micro- and macroalbuminuria; n = 
55) were plotted 
Relationship between UAER vs. UAC and UACR was calculated by Pearson’ s correlation coefficients. 
Sensitivities and specificities of RUS measurements (UAC and UACR) as a screening test for microalbuminuria were 
calculated using normo- and microalbuminuric samples (n = 80) and for macroalbuminuria using micro- and 
macroalbuminuric samples (n = 55). 
The ROC curve method was used to analyse the performance of the screening test. 
A cut-off point with a sensitivity of 100% was chosen for each curve. A second cut-off point was also determined in each 
curve by the intersection of the curves with the 100%-to-100% diagonal. The latter point represented the best equilibrium 
between sensitivity and specificity. 
Differences between UAC and UACR were compared by the McNemar test 

Reference / Citation  218 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Ciavarella A, Silletti A, Forlani G, Morotti L, Borgnino LC, D’ Apote V 1989 A screening test for microalbuminuria in type 1 
(insulin-dependent) diabetes. Diabetes Research and Clinical Practice, 7, 307-312 

N= N=99 
Italy 

Research Design Diagnostic study 
Aim Screening test accuracy 
Population Type 1 diabetes 
Intervention First morning albumin concentration (FMAC) 
Comparison First morning albumin:creatinine (FMA/C) ratio  

Albumin measured by radioimmunoassay and creatinine measured by picric acid.  
Outcome Timed collection - Urinary Albumin Excretion rate (AER) by radioimmunoassay 
Characteristics (32 males and 67 females, aged30 � 10 years with mean duration of diabetes 15 � 8 years. 
Results  On the basis of urinary albumin excretion rate (AER), 46 patients were normoalbuminuric (AER less than 20mg/min), 28 were 

microalbuminuric (AER 20-200 mg/min), and 25 proteinuric (AER greater than200mg/min_ 
The relationship of 4h AER to FMAC and FMA/C ratio was highly significant (r = 0.96 and r = 0.98 respectively). 
High sensitivity and high specificity were found when cut-offs of 20 mg/ml and 2.5 mg/mmol were selected for albumin 
concentration and albumin/creatinine ratio respectively to discriminate between normal and elevated albuminuria. The two 
tests, performed in combination in the same urine sample, revealed the highest sensitivity (98%) and specificity (100%) 
Day to day variability – mean coefficient of variation was 46% on 4-h AER, 51% on FMAC and 44% on FMA/C 

Hierarchy of Evidence Grading DS 

Comments Twenty healthy subjects studied as controls 
Results of timed albumin secretion were successively compared with single-void first morning samples. 
Albumin excretion rate was calculated from albumin concentration and 4-h timed urine collection. 
Values of 20mg/min were considered abnormal and predictive of nephropathy in diabetic patients. 
A cut-off of 20mg/min was selected for FMAC and 2.5mg/mmol for FMA/C ratio to discriminate between normal and 
elevated albuminuria 
Baseline characteristics compared 
Statistical analysis was performed by means of linear regression analysis after log 10 transformation of the data.  
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The sensitivity (proportion of true positives), specificity (proportion of true negatives) and predictive value of the proposed 
initial screening test were assessed by means of Bayes’  Theorem. 
Blinding to test results not discussed 
Samples taken at similar times 

Reference / Citation  219 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  McHardy KC, Gann ME, Ross IS, Pearson DWM. 1991 A simple approach to screening for microalbuminuria in a type 1 
(insulin-dependent) diabetic population. Ann Clin Biochem 28: 450-455 

N= N=334 
UK 

Research Design Diagnostic study 
Aim Screening test 
Population Type 1 diabetes 
Intervention Monitoring simple clinical parameters 
Comparison Immuno-turbidimetry 

Outcome Diagnostic accuracy 
Characteristics aged 18-60 years (172 male; 162 female), mean age 35 yrs, mean age at diagnosis 20 years (range 1-56), and a median 

duration of diabetes of 13 years (range 1-52). 
Results  An abnormally high mean value, greater than2.5 mg Albumin per mmol creatinine (Ua/Uc) was found in 33 patients (9.9%) 

These patients were older (mean 42 vs. 34 years, p less than0.01), had longer disease duration (18 vs. 14 years, p less 
than0.01) and higher HbA1c values (6.8 vs. 6.3%, p less than0.05) than those without microalbuminuria. 
Mean log Ua/Uc showed a significant correlation only with HbA1c (r = 0.193, p less than0.001) and diabetes duration ( r = 
0.125, p less than0.05) 
Although triplicate samples were collected within 7 days, Ua/Uc showed considerable intraindividual variation, with a mean 
coefficient of variation of 49%. 
Ua/Uc values greater than 1mg/mmol on the first specimen had a sensitivity of 97% and a specificity of 82% for detecting 
those with a three-sample mean value greater than 2.5 mg/mmol. 

Hierarchy of Evidence Grading DS 

Comments Participants were patients attending routine out-patient review at regional diabetic clinic 
Blood pressure recorded. 
Midstream specimen of urine sent for microscopy and culture. 
Each patient asked to post three fresh first morning urine samples directly to the laboratory within the following week. 
The albumin excretion rate was determined immunoturbidimetrically in three sterile Albustix negative, first morning urine 
samples submitted over a week. 
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Serum urine and creatinine were measured using an adaptation of the Jaffe method. 
Plasma glucose was assayed as was HbA1c. 
Urinary albumin excretion was expressed as mg albumin per mmol of creatinine (Ua/Uc) for each sample 
An abnormally high mean value, greater than2.5 mg Albumin per mmol creatinine (Ua/Uc) was found in 33 patients (9.9%) 
These patients were older (mean 42 vs. 34 years, p less than0.01), had longer disease duration (18 vs. 14 years, p less 
than0.01) and higher HbA1c values (6.8 vs. 6.3%, p less than0.05) than those without microalbuminuria. 
Mean log Ua/Uc showed a significant correlation only with HbA1c (r = 0.193, p less than0.001) and diabetes duration ( r = 
0.125, p less than0.05) 
Although triplicate samples were collected within 7 days, Ua/Uc showed considerable intraindividual variation, with a mean 
coefficient of variation of 49%. 
Ua/Uc values greater than 1mg/mmol on the first specimen had a sensitivity of 97% and a specificity of 82% for detecting 
those with a three-sample mean value greater than 2.5 mg/mmol 

Reference / Citation  222 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Collins ACG, Vincent J, Newall RG,  Mitchell KM, Viberti GC. 2001 An aid to the early detection and management of 
diabetic nephropathy: assessment of a new point of care microalbuminuria system in the diabetic clinic. Diabetic Medicine 18, 
928-932 

N= N=154 
 

Research Design Diagnostic study 
Aim To compare the performance of the DCA2000 microalbuminuria system for albumin and creatinine concentrations and the 

albumin:creatinine ratio (ACR) with laboratory measurements in the hospital diabetes clinic and to assess the ease of use and 
applicability by standard clinic personnel. 
Screening test accuracy 

Population Type 1 diabetes 
Intervention DCA2000 Microalbumin reagent cartridge contains all the reagents required for the measurement of albumin and creatinine. 

DCA2000 analyser is pre-calibrated for albumin and creatinine measurement. 
Before testing urines, DCA Microalbumin low and high control samples with assigned mean (Range) of 20 (24-36) and 184.5 
(147.6-221.4) mg/l respectively for albumin and 8.3 (6.7-10.1) and 30.6 (24.5-36.8) mmol/l respectively for creatinine were 
run. 

Comparison Various scores from  DCA  test 

Outcome Immuno-turbidity 
Characteristics Urine proved negative for nitrite, leukocytes and blood were used 
Results  Control material within-run precision (coefficient of variation) for albumin and creatinine ranged up to 7.1% and 3.3% 

respectively. 
Between run coefficient of variations ranged from 2.1% to 4.3% 
Method comparisons yielded correlation coefficients greater than0.99 for albumin, creatinine and ACR, only a small negative 
bias of 3.2mg/l for albumin and 0.1mg/mmol for ACR, no concentration-related bias for ACR and no between-method 
difference for either albumin (p = 0.195) or ACR (p = 0.341). 
At a laboratory concentration cut-off of 20mg/l the sensitivity, specificity, negative and positive predictive values were 92.4% 
100% 92.7% and 100%. 
Normal reference range mean albumin creatinine and ACR values for the DCA 2000 and the laboratory were 7.7mg/l vs. 
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9.0mg/l 13.0 mmol/l vs. 12.6 mmol/l and 0.66 mg/mmol vs. 0.81 mg/mmol respectively 
Hierarchy of Evidence Grading DS 

Comments Fresh aliquots of either first-morning or spot urine samples were obtained from diabetic patients. 
Urine samples tested using Multistix 8SG reagent strips. 
Urine stored at 4�C until measurement. 
Urinary albumin and creatinine concentrations were measured by a laboratory biochemist within 24-48h of receipt from the 
clinic. 
Reference range from normal patients collecting first-morning. 
Urinary albumin determined using an immunoturbidimetric method. 
Urinary creatinine concentration measured by buffered kinetic Jaffe method. 
Urine albumin and creatinine concentration and ACR were measured in 154 diabetic patient samples and in 77 normal 
subjects 
Control material within-run precision (coefficient of variation) for albumin and creatinine ranged up to 7.1% and 3.3% 
respectively. 
Between run coefficient of variations ranged from 2.1% to 4.3% 
Method comparisons yielded correlation coefficients greater than0.99 for albumin, creatinine and ACR, only a small negative 
bias of 3.2mg/l for albumin and 0.1mg/mmol for ACR, no concentration-related bias for ACR and no between-method 
difference for either albumin (p = 0.195) or ACR (p = 0.341). 
At a laboratory concentration cut-off of 20mg/l the sensitivity, specificity, negative and positive predictive values were 92.4% 
100% 92.7% and 100%. 
Normal reference range mean albumin creatinine and ACR values for the DCA 2000 and the laboratory were 7.7mg/l vs. 
9.0mg/l 13.0 mmol/l vs. 12.6 mmol/l and 0.66 mg/mmol vs. 0.81 mg/mmol respectively. 

Reference / Citation  223 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Shephard MDS, Barratt LJ, Simpson-Lyttle. 1999 Is the Bayer DCA 2000 acceptable as a screening instrument for the early 
detection of renal disease? Ann Clin Biochem 36:393-394 

N= N=60 
Australia 

Research Design Diagnostic study 
Aim Screening test accuracy 
Population Mixed diabetes population 
Intervention Bayer DCA 2000 instrument uses a reagent cartridge, which provides a quantitative measurement of albumin and creatinine, 

as well as ACR, all within a 7-minute window. Low and high control samples (Bayer DCA Microalbumin/Creatinine Low and 
High Control kit) were analysed daily on the DCA 2000 over 15-day period to assess between-run precision. 

Comparison Standard laboratory methods (nephelometry) 

Outcome Diagnostic accuracy  
Characteristics Not recorded 
Results  Between-day coefficients of variation (n = 15) for each measurement on the DCA 2000 were: 3.0% and 2.4% for urine 

albumin (at levels of 34 and 201mg/L, respectively), 2.1% and 1.8% for urine creatinine (8.8 and 36.7 mmol/L), and 3.4% and 
2.3% for urine ACR (for ratios of 3.8 and 5.5). 
For the 60 urines tested, the DCA 2000 showed excellent correlation with the laboratory methods (regression analysis slopes = 
1.05, 1.03 and 0.99, and r = 0.99, 0.99 and 1.00 for urine albumin, urine creatinine and urine ACR, respectively). 
Of the 60 urines tested, 34 (57%) were classified as normal and 26 (43%) as microalbuminuric (ACR between 3.4 and 34 
mg/mmol) by the laboratory methods. 
The DCA showed the following diagnostic performance characteristics for microalbuminuria: sensitivity 100%, specificity 
97%, predictive value of a positive test 96% and predictive value of a negative test 100%. 

Hierarchy of Evidence Grading DS 

Comments Sixty random spot urines from diabetic subjects (64% males and 36% females) were analysed over a 30 day period by both the 
DCA 2000 and by routine methods at the laboratory (immunephelometry for albumin, Jaffe method for creatinine) 
DCA 2000 compare with nephelometry 
No mention of blinding 
Random patients samples tested 
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Diabetic patients not differentiated into type 
Reference / Citation  224 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Webb DJ, Newman DJ, Chaturvedi, Fuller JH, EUCLID study group. 1996 The use of the Micral-Test strip to identify the 
presence of microalbuminuria in people with insulin dependent diabetes (IDDM) participating in the EUCLID study. Diabetes 
Research and Clinical Practice 31: 93-102 

N= N=530 
European 

Research Design Diagnostic study 
Aim Screening test accuracy 
Population Type 1 diabetes 
Intervention Micral-Test strip (semi-quantitative test to estimate albumin excretion rate (AER).  
Comparison Albumin and creatinine using particle enhanced immunoturbidimetric assay (PETIA) and Jaffe method. 

Outcome Diagnostic accuracy 
Characteristics Not recorded 
Results  Single Micral-Test 

Using the result from just one Micral Test to detect an AER of 20 mg/min gives 29 (5.8%) false negative results and 58 
(11.6%) false positive results (sensitivity 70%, specificity 87%). 
When a Micral-Test result greater than 20 mg/l was used to detect an AER greater than 20mg/min, the sensitivity and 
specificity were 67% and 86%. 
When an albumin concentration (PETIA) greater than 20 mg/l was used to detect an AER greater than 20mg/min, the 
sensitivity and specificity were 75% and 94% 
Pooled test 
The mean AER, from two collections, was compared with the corresponding ‘pooled’  Micral-Test results (mean of the two 
readings). 
Receiver Operating Characteristic curves were used to assess if there was suitable ‘pooled’  Micral-Test result for screening a 
microalbuminuria. 
A ‘pooled’  Micral-Test result (greater than 15mg/l) was used to detect mean AER greater than 20 mg/min (sensitivity 78%, 
specificity 77%). 
This pooled cut-off had already been used for screening on to the study ad led to an over-estimate (154 vs. 77) of the true 
number of microalbuminuria participants on the study 
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Hierarchy of Evidence Grading DS 

Comments On entry, all participants had albumin concentrations from two overnight urine collections measured by a central laboratory, 
and the corresponding Micral-test performed on the two collections locally. 
A Micral-Test strip was used to stratify patients by albuminuria status. 
After recording total volume of sample, individual urine samples were mixed by shaking and a 10ml sample taken. 
Data were examined to see how well the result of the Micral Test related to the corresponding central AER measurement 
Data analysed using SAS statistical package procedures FREQ, UNIVARIATE and TTEST 
Data on AER and Micral-Test results for 300 men and 192 women were available for analysis. 
Other studies used smaller numbers of patients or samples. 
18 study centres. 
In this study, at least 18 different people read the strips using standardised protocol. 
Some samples were stored frozen for up to 6 months, compared with most other studies which use fresh to one-week old 
urine. 
Test needs to be used to exact timings and reading of strip is subject to interobserver variation 

Reference / Citation  225 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Adamson CL, Kumar S, Sutcliffe H, France MW, Boulton AJM Screening strategies in the detection of microalbuminuria in 
insulin-dependent diabetic patients Practical Diabetes July/August Vol 10 No 4, 142-144 

N= N=109 
UK 

Research Design Diagnostic study 
Aim Screening accuracy 
Population Type 1 diabetes 
Intervention Dipstick immunochemical method (Micral-Test) and albumin:creatinine ratios 
Comparison Urinary Albumin Excretion Rates (UAER) by immunephelometry 

Outcome Diagnostic accuracy 
Characteristics (59 men and 50 women) (means age 44.7 years, mean duration of diabetes 19.4 years) 
Results  Microalbuminuria was detected in 13 subjects in the EMU using both the Micral-Test and albumin:creatinine ratio 

In detection of subjects with UAER greater than20mg/min, Micral-Test in an EMU sample had a sensitivity of 87.5% and 
specificity of 95.1%. 
Albumin:creatinine ratio (predictive value greater than3.6mg/mmol) in an EMU sample has a sensitivity of 87.5% and 
specificity of 92.1%; in random urine samples values of 84.6% and 80.7% were obtained respectively. 
Both Micral-test and albumin:creatinine ratios in EMU samples had high negative predictive values (97.5% and 97.2% 
respectively). 

Hierarchy of Evidence Grading DS 

Comments Early morning, random and overnight urine samples provided. 98.2% provided spot samples. Early morning and overnight 
urine collections were available in 59.6% and 29.4% respectively. Forty-nine subjects provided all three samples. 
Micral-Test, urine albumin:creatinine ratios, and albumin excretion rates assessed. 
All Micral-test results read by single observer. 
Prediction limits separating patient populations with and without microalbuminuria were taken as 20 mg/min and 20mg/l for 
UAER and MICRAL-Test respectively. 
The prediction limit for albumin:creatinine ratios is taken as greater than3.6mg/mmol 
Test was compared with valid reference standard 
No reference to blinding; however, measurements taken at different times. 
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All samples were measured 
Reference / Citation  227 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Gossain VV, Gunaga KP, Carella MJ, Edminster RR, Bowman KA, Rovner 1996 Utility of Micral Test strips in screening for 
microalbuminuria. Arch Pathol Lab Med 120: 1015-1018 

N= N=64 
USA 

Research Design Diagnostic study  
Aim Screening test accuracy to evaluate clinical utility of Micral strips for detection of microalbuminuria 
Population Mixed diabetes population 
Intervention Micral test 
Comparison immunonephelometric method 

Outcome Diagnostic accuracy 
Characteristics (30 male and 34 female) n = 47 type 1 diabetes, n = 17 type 2 diabetes.  

Duration of diabetes 3-44 years.   
21 patients had retinopathy, 12 had hypertension, and 4 had albuminuria in the range of clinical nephropathy 

Results  All 36 control subjects and 44 samples from diabetic patients had normal albumin excretion (less than15mg/24hours) by the 
immunophelometric method. 
Seventy-eight of these were correctly identified as negative by Micral strips, giving a specificity of 97.5%. 
There were 23 samples with albumin excretion of more than 16mg/24 h. Sixteen of these were correctly identified, giving a 
sensitivity of 69.5%. 
There were 16 samples with albumin excretion of 30mg/24h or more; 14 of these were correctly identified by Micral strips, 
and two were false negatives, giving a sensitivity of 87.7%; however, when urine samples with albumin concentrations of less 
than 11mg/L were excluded, the Micral strips correctly read 21 out of 23 samples, giving a sensitivity of 91.3%. 

Hierarchy of Evidence Grading DS 

Comments Sixty-seven, 24-hour urine samples were obtained from 64 patients with diabetes.  
Thirty-six urine samples were obtained from normal controls; 22 of these were 24-hour samples and 14 were overnight 
samples. 
Urine samples analysed using Micral strips. 
Micral testing was performed within 2 hours after the samples arrived in the laboratory. 
Microalbumin concentration measured on Beckman Array Specific Protein analyser – test designed to detect albumin 
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concentrations within measuring range from 2 – 40 mg/L. 
Micral immunochemical test strip is a dipstick method designed for semiquantitation of urinary microalbumin concentration. 
As measured by INA, the urinary albumin excretion rate was divided into three groups 
Group 1 – included subjects with less than 15mg/24 h of albumin excretion (normal) 
Group 2  - included subjects with albumin excretion levels of 16 to 300 mg/24h (microalbuminuria), and  
Group 3  - included those with albumin excretion more than 300 mg/2h (nephropathy) 
Test was compared with valid reference standard. 
Cannot tell whether test and reference standard were measured blind to each other as same technician analysed Micral-Test 
and immunephelometry. 

Reference / Citation  228 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Agardh CD. A new semi quantitative rapid test for screening for microalbuminuria. Practical Diabetes July/August Vol 10 No 
4 

N= N=117 
Sweden 

Research Design Diagnostic study 
Aim Screening test accuracy 
Population Mixed diabetes population 
Intervention Micral-Test (semi quantitative technique) 
Comparison Quantitative turbidimetry method (quantitative laboratory technique) 

Outcome Diagnostic accuracy 
Characteristics Not recorded 
Results  Good agreement between the two methods for readings between 0 and 10. 

From 20 upwards, however, the laboratory method values showed a wide variation, mostly towards higher values. 
Based on a total of 117 values, pathological urinary albumin concentrations were recorded by Micral Test with a sensitivity of 
87.8% and a specificity of 97.4%. 
The negative predictive value was 0.94 and the positive predictive value 0.95 

Hierarchy of Evidence Grading DS 

Comments Albumin was measured on the first morning specimen after excluding signs of urinary infection. 
Micral-Test readings were performed as soon as samples were available. 
Determination of albumin by turbidmetry was conducted on the day of collection. 
All readings were made by the same person according to the instructions given by the manufacturer. 
For distinguishing between ‘normal’  and ‘elevated’  urinary albumin concentrations, the cut-off value used was set as 20mg/l 
albumin 
Valid reference standard was used 
Cannot tell whether test and reference standards measured independently (blind) of each other 
All samples were tested 
No distinction between type 1 and type 2 diabetics 
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Reference / Citation  226 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Piehlmeier W, Renner R, Kimmerling T, Schramm W, Garbe S, Proetzsch, Fahn J, Piwernetz K, Landgraf R. 1998 Evaluation 
of the Micral-Test S, a qualitative immunologic patient self-test for microalbuminuria: the PROSIT project. Diabetic Med. 15: 
883-885 

N= N=108 
Germany 

Research Design Diagnostic study 
Aim Diagnostic test 
Population Mixed diabetes population 
Intervention Micral-Test S 
Comparison Urinary albumin concentration by Immunoturbidity 

Outcome Diagnostic accuracy 
Characteristics Not recorded 
Results  If one positive out of three self-tests per week was considered as a positive overall self-test, the sensitivity of the self-test was 

90%, specificity 77%, positive predictive value 49% and negative predictive value 97%. 79.6% of patients classified 
themselves correctly. 
When at least two positive self-tests were considered necessary for the definition of a positive self-test, sensitivity decreased 
to 81% and negative predictive value was 95%, whereas specificity increased to 92% and positive predictive value was 71%; 
89.8% of all patients classified themselves correctly. 

Hierarchy of Evidence Grading DS 

Comments Patients received urine jars, test-strips and information material, and performed self-tests for microalbuminuria on a first 
morning urine on three days within one week 
Patients documented each test result as either positive or negative. 
A positive microalbuminuria test was assumed either by at least one positive test out of three self-tests, or in case of at least 
two positive self-tests. 
The same urine specimens were retested using quantitative measurement of urinary albumin concentration by 
immunoturbidimetry. 
A positive overall retest result was defined as more than 20mg/l albumin in at least two urine samples. 
Sensitivity, specificity, positive and negative predictive values were calculated for both ways of assessing a positive self-test 
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Test was compared with valid reference standard 
Blinding of tests and reference not discussed 
Timing of measurements not discussed 
All patient samples were measured 
Diabetes type not documented 

Reference / Citation  229 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Kouri TT, Viikari JSA, Mattila KS, Irjala KMA. 1991 Invalidity of simple concentration-based screening tests for early 
nephropathy due to urinary volumes of diabetic patients. Diabetes Care, Vol. 14, No 7: 591-93 

N= N=409 
Finland 

Research Design Diagnostic study 
Aim Screening test accuracy 
Population Mixed diabetes population 
Intervention Dipstick 
Comparison Albumin concentrations and 12-h nightly excretion rates (N-AER) measured by nephelometry 

Outcome Diagnostic accuracy 
Characteristics Not recorded 
Results  An increased N-AER (greater than15 mg/min) was seen in 99 type 1 patients (27%) and 15 type 2 patients (33%). 

Median of the results was 22 mg/min, and the range was 17-400 mg/min, including 5 cases with N-AER greater than 200 
mg/min (macroalbuminuria, despite being dipstick negative) 
The median urinary volume was 900ml/12h, with a maximum of 3000ml. 
At the level of 20mg albumin/L, the sensitivity to detect elevated N-AER was 70% among type 1 patients and 60% among 
type 2 patients. 
At a lower albumin concentration of 10mg/L, the sensitivities were increased to 91 and 87% in type 1 and type 2 patients, 
respectively 

Hierarchy of Evidence Grading DS 

Comments Dipstick-negative specimens from 363 consecutive type 1 patients and 46 type 2 patients were studied. 
Timed 12-h nightly urine samples collected between 1900 and 0700 with instructions to avoid exercise. 
Urine volumes were measured and albumin concentrations and 12-h nightly excretion rates (N-AER) were measured by 
nephelometry (sensitivity 2mg/L) 
If all incipient microalbuminurias are to be detected ( a limit of 10 mg albumin in a nightly 12-h collection), a method with a 
sensitivity of 20 mg/L is needed if the urine volumes do not exceed 500 ml. In this study, 85% of the volumes exceeded this 
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limit 
Type 1 and type 2 diabetics from 15 primary care centres 
Short report lacking detail 
Test compared with valid reference standard 
Only dipstick negative samples were assessed. 
Excluded as dipstick method not specified 

Reference / Citation  230 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  Le Floch JP, Marre M, Rodier M, Passa P. 2001 Interest of Clinitek microalbumin in screening for microalbuminuria: results 
of a multicentre study in 302 diabetic patients. Diabetes Metabolism (Paris) 27, 36-39.   

N= N=302 
France 

Research Design Diagnostic study 
Aim Screening test accuracy 
Population Mixed diabetes population 
Intervention Clinitek Microalbumin. 
Comparison Immunephelometry and radioimmunoassay 

Outcome Diagnostic accuracy 
Characteristics Not recorded 
Results  In the study population, 48 patients (17%) had a positive microalbuminuria with reference assay; however, different rates were 

found in each site (25%, 11% and 15%, respectively, p less than0.001). 
Using the Clinitek Microalbumin, a positive result was found among 86 patients (29%), (39%, 26% and 23%, respectively).  
A good agreement was observed in the population as a whole (81%, K = 0.47 � 0.06) and in each site (77%, 81%, 84%, 
respectively). Sensitivity was 79% (82%, 80%, 75%), specificity 81% (76%, 81%, 85%), positive predictive value 46% (53%, 
35%, 46%), negative predictive value 95% (93%, 97%, 95%), and positive likelihood ratio 4.2 (3.4, 4.3, 5.0, respectively) 

Hierarchy of Evidence Grading DS 
Comments Samples under study were tested for microalbuminuria and creatininuria using both Clinitek Microalbumin and the reference 

assay commonly used in the biological laboratory of the centre. 
Measurement with Clinitek Microalbumin was done by the same nurse and on the same urinary sample, following 
manufacturer recommendations.  
Results were read immediately using the Clinitek 50 or Clinitek 100 device 
Semi-quantitative results were obtained in 4 classes: 10, 30 , 80 or 150mg/l. 
Similarly, creatinine was divide into 5 classes; 10,50,100, 200 or 300 mg/dL  
Finally, ACR was divided into 3 classes; less than30, [30-300], greater than300mg/g. 
In the study population, 48 patients (17%) had a positive microalbuminuria with reference assay; however, different rates were 
found in each site (25%, 11% and 15%, respectively, p less than0.001). 
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Using the Clinitek Microalbumin, a positive result was found among 86 patients (29%), (39%, 26% and 23%, respectively).  
A good agreement was observed in the population as a whole (81%, K = 0.47 � 0.06) and in each site (77%, 81%, 84%, 
respectively). Sensitivity was 79% (82%, 80%, 75%), specificity 81% (76%, 81%, 85%), positive predictive value 46% (53%, 
35%, 46%), negative predictive value 95% (93%, 97%, 95%), and positive likelihood ratio 4.2 (3.4, 4.3, 5.0, respectively) 

Reference / Citation  231 
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Q 50  In adults with Type 1 diabetes what are the screening tests for emerging diabetic kidney disease? 
 

Author / Title / Reference / Yr  McIntosh A, Hutchison A, Marshall S, Barnes D, Brown V, Hopper S, Nicholls A, Peters J, Viberti GC, Walker J, Feder G, 
Home PD  Clinical guidelines and evidence review for Type 2 diabetes. Renal disease: prevention and early management. 
Sheffield: ScHARR, University of Sheffield (NICE) 

N= 30 studies included: n = 13 side-room tests, n = 17 laboratory methods and n = 3 both laboratory and side-room tests 
Research Design Systematic review 
Aim To assess the optimum treatment for early kidney disease management in  
Population Mostly Type 2 diabetes or mixed diabetes population 
Intervention A number of different diagnostic screening tests are considered. The majority of the studies of screening methods assess 

different methods for measuring albumin levels in the urine. 
Comparison Varied between studies 

Outcome Screening tests identified in the review, measured accuracy of screening in terms of sensitivity and specificity of the screening 
method evaluated. The ideal screening test would have a sensitivity of 100% and also a high level of specificity. 

Characteristics Varied between studies 
Results  Aim of screening for diabetic renal disease is to correctly identify as many people as possible with abnormal albumin 

excretion, so that interventions can be instigated which delay the progression of renal disease or prevent end-stage renal 
failure and which reduce the incidence of premature cardiovascular morbidity and mortality. 
Laboratory tests (diagnostic tests) are quantitative and allow the precise measurement of very low concentrations of albumin 
in the urine. The use of laboratory tests for screening requires sophisticated equipment usually only available in laboratories 
and hospitals. 
Side-room tests (screening tests) should be simple, quick to apply, reliable and cost-effective. 
 
Sensitivities and specificities of screening tests  

 
Laboratory diagnostic tests 

Albumin: creatinine ratio tests  
Tests included: 
Radioimmunoassay and Jaffe reaction 
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ELISA and Jaffe reaction 
DCA 2000 
Immunoturbidity and Jaffe reaction 
 
Sensitivity ranged from 80% to 100% in the studies, with specificity ranging from 81% to 100% 
 
Albumin concentration 
Tests included: 
Radioimmunoassay 
Immunoturbidity 
Laser Turbidimetric 
Immunonephelometry 
ELISA 
 
Sensitivity ranged from 56% to 97% in the studies, with specificity ranging from 42% to 97% 
 
Side-room screening tests 
Screening tests for microalbuminuria  
Tests included: 
Microbumintest 
Micral-Test II 
 
Sensitivity ranged from 51% to 97% in the studies, with specificity ranging from 55% to 97% 
 
Screening tests for proteinuria 
Tests included 
Albustix 
 
Sensitivity ranged from 70% to 100% in the studies, with specificity ranging from 55% to 79% 
 
In summary, all the side-room tests specifically designed to identify microalbuminuria met acceptable levels of sensitivity and 
specificity. Reliance on the results of the single use of any one of the tests was not sufficiently reliable. Repeat tests are 
therefore required and confirmation by laboratory testing is advised at diagnosis. 
 
Choice of urine sample for testing 
 
Temperature and time factors 
Albumin concentrations do not differ in aliquots stored at 4�C for up to eight weeks; however, albumin concentrations in fresh 
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urine are significantly higher from those in the same urine samples stored at -20�C for two (p=0.01), eight (p=0.0001) and 24 
(p = 0.0001) weeks. 
No statistically significant difference in albumin concentration between two-day and two-week samples stored at 4�C 
Some specimens stored at -20�C show a 50% decrease in albumin concentration after nine weeks. 
After two months (p=0.03) and six months (p=0.005) of storage at -20�C significantly lower albumin concentrations are 
evident. 
At -40�C and -80�C there are non-significant changes in albumin concentration. 
Urine albumin excretion over three consecutive days shows considerable day-to-day variation in patients. 
 
Handling of urine sample 
Multiple freezing and thawing of samples stored at -20�C did not significantly alter albumin concentrations (p = 0.99). 
 
Storage materials 
Storage in different test tubes (polypropylene, polystyrene or borosilicate glass) at –20�C did not result in a significant change 
in urinary albumin after one week or one month. 
 
Variability in sampling 
Overnight albumin:creatinine ratio sampling has the best overall sensitivity and specificity. 
 
Antihypertensive drugs: 
All antihypertensive agents have benefits for people with Type 2 diabetes and renal disease as lowering blood pressure leads 
to beneficial reductions in proteinuria, which can be taken as a proxy for improved renal function. 
For people with Type 2 diabetes who have microalbuminuria, the use singly or in combination of ACE inhibitors, Angiotensin 
II receptor antagonists, b-blockers, non-DHP and long acting DHP calcium channel blockers and diuretics reduces albumin 
excretion and reduces the risk of progression of microalbuminuria to proteinuria. 
 
ACE inhibitors and Angiotensin II receptor antagonists 
Strong evidence shows that ACE inhibitors have a beneficial effect on proteinuria even if there is little reduction in blood 
pressure.  
For the same reduction in blood pressure they also appear to have greater impact on proteinuria than other antihypertensives, 
with the exception of angiotensin II receptor antagonists. 
Recent trials have shown an equally beneficial effect of angiotensin II receptor antagonists and ACE inhibitors on renal 
function, although the evidence base is still emerging.  
This is true for both normotensive and hypertensive people with Type 2 diabetes. 
 
Lipid regulating agents 
The evidence available on the impact of statins on renal function is inconclusive and insufficient evidence is available for any 
other lipid regulating agents. 
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Improved blood glucose control 
Blood glucose control at or below HbA1c 6.5%–7.5% according to the individuals target delays the development of renal 
disease.  
Over 6 years follow up lower HbA1c delayed the onset and progression of diabetic nephropathy. 
 
Dietary interventions 
A systematic review including randomised and non-randomised trials suggested that people with diabetes could benefit from a 
reduction in dietary protein intake.  
A trial of protein restriction in type 2 diabetes showed significant reduction in proteinuria at 6 months (28%, p less than0.001) 
but not at 12 months (18%, p=0.08) 
There is insufficient evidence about the benefits of a reduced salt diet on renal outcomes in people with Type 2 diabetes. 
 
Starting ACE inhibitor therapy. 
The guidelines also highlight three points regarding initiation of ACE inhibitor therapy: 
Caution in patients with peripheral vascular disease/renovascular disease 
Caution in patients with raised serum creatinine 
In all patients measure serum creatinine and electrolytes one week after initiating ACE inhibitor therapy, and each increase in 
dose 

Hierarchy of Evidence Grading NICE 

Comments Areas of screening covered by the evidence review: 
Screening objectives 
Different types of test 
Laboratory tests (diagnostic tests) 
Side-room tests (screening) 
Type of urine sample 
Reference standard 
Full details of the methodology are outlined in the document  
Databases Searched: Cinhal, Cochrane Trials Register, Embase, Healthstar, Medline, Psyclit, Science Citation, Social Science 
Citation. Trial registers searched for ongoing and unpublished trials and conference proceedings were examined using the 
Index to Scientific and Technical Conference Proceedings (ISI). Access to grey literature was through the HMIC database and 
SIGLE. 
Databases searched from 1983 onwards. 
Some databases were only searched from 1990 onwards, e.g. homocysteine 
Search terms not included. 
Details of search strategies available from the authors. 
Assessment and grading of papers retrieved was conducted independently by two reviewers and disagreements were resolved 
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by discussion. 
Quality criteria were assessed on the following criteria contained in the Canadian Hypertension Consensus Conference 
Report: - 
Independent interpretation of the test procedure (without knowledge of result of reference standard); 
Independent interpretation of the reference standard (without knowledge of result of test procedure); 
Reproducible description of both the screening test and the reference standard 
Study population included patients suspected but not known to have the disorder of interest; 
At least 50 patients with the condition and 50 patients without the condition 
Papers graded according to study design using the AHCPR hierarchy 
The majority of studies for screening methods in the literature assess different methods for measuring albumin levels in the 
urine. 
The review only included studies evaluating side-room tests that are currently commercially available. 
No evidence was found for the following commercially available tests; Medi-Test Combi 2, Medi-Test Protein 2, Uristix, BM-
Test-GP or Albym Test. 
No definitive gold standard diagnostic test was found for renal disease in diabetes against which screening methods could be 
compared. 
Screening studies reviewed used laboratory methods as reference standards. 
Direct comparison between different side-room tests was not possible because the studies identified used various reference 
standards, methods of use of test, urine samples and definitions and ranges of microalbuminuria. 
Renal care working group consisted of relevant health care professionals and specialist resources. 
Patient representation was present on recommendations panel. 
Clinical pathway developed at start of project to identify priority areas. 
A number of areas that were felt to be inadequately addressed by available literature were outlined as research issues. 

Trials included  See original study 
Reference / Citation  243 
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Q 51  What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Lovell HG 2003 Angiotensin converting enzyme inhibitors in normotensive diabetic patients with microalbuminuria 
(Cochrane Review). In: The Cochrane Library, Issue 1, 2003. Oxford: Update software 

N= 12 RCTs, normotensive diabetic patients (IDDM and NIDDM) 
Research Design Systematic review and Meta analysis 
Aim To evaluate usefulness of drug therapy in managing microalbuminuria 
Population Mixed diabetes population 
Intervention ACE inhibitors: captopril, enalapril or lisinopril.. 

 
Comparison Placebo 

Outcome Primary outcome: Progression to end-stage renal disease measured by albumin excretion rate (AER) 
Secondary outcomes: blood pressure, Glycosylated Hb and glomerular filtration rate (GFR)  
Longer term outcomes were not available 

Characteristics Varied between studies 
Overall treatment and control groups were matched for sex (54 and 58% males respectively), duration of diabetes (12.3 and 
12.7 years respectively). 
Age on inclusion in study varied due to differing selection criteria between studies but no significant heterogeneity was seen. 
However, in both patients receiving ACE and controls average age was 41 years. 
Pooled mean body mass was 23.8 and 23.2 for patients receiving ACE inhibitors and placebo respectively. This difference is 
highly significant (95% CI 0.40.9) 
Mean systolic, diastolic or arterial blood pressures were not significantly heterogeneous between the two groups. 
Pooled mean initial blood pressures were non-significantly higher for those treated with ACE-is vs. those on placebo (130/78 
mmHg vs. 128/78 mmHg). Five mean arterial pressures of those assigned to ACE-is had a significantly higher average than 
those on placebo (96.7 vs. 95.4 mmHg; 95% CI: 0.8–2.9). 
Measurements of GHb (8.9 vs. 8.7%); GFR (125 vs. 128 ml/min/7.13m2); AER (following log transformation to counteract 
distributional skewness) did not show significant heterogeneity between those receiving ACE inhibitors or placebo 

Results  End of study data 
All three ACE inhibiting drugs used in the combined studies (captopril, enalapril and lisinopril) significantly reduced albumin 
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excretion rate in comparison with controls. 
Blood pressure 
Seven studies with estimates for systolic blood pressure were very highly heterogeneous, as were five with end of study 
arterial pressures (p less than0.001), reflecting the differences between studies on blood pressure targets and the addition of 
other antihypertensive treatments. 
Pooled mean blood pressures were lower for the treated than untreated groups (127/76 vs. 129/79 and 97 vs. 101 mmHg), 
however the mean blood pressures for individual studies did not all follow the same pattern and the heterogeneity renders the 
differences non-significant. 
Glycosylated Hb 
For each study, GHb showed significant heterogeneity between 10 studies (chi-squared = 20 (nine degrees of freedom); p less 
than0.025). However the values for ACE-I and placebo treated patients were very close (8.8v s. 8.7% respectively). 
Glomerular Filtration rate 
At the end of the study GFR was homogenous for the five studies compared, but no significant difference was seen between 
the two groups of patients (121 vs. 119 ml/min/17.3m2 for treatment and control groups respectively). 
Albumin Excretion Rates 
Logarithmic transformation of end-of-study AER removed all heterogeneity seen between the studies, showing a significant 
GLIIHUHQFH�EHWZHHQ�RYHUDOO�WUHDWPHQW�DQG�FRQWURO�PHDQV�����YV������PJ�GD\�RU����YV������ J�PLQ�� 
Albumin excretion rate fell for patients on angiotensin converting enzyme inhibition in 11 of the 12 studies, but did so only 
for 2 of the placebo groups.  
Estimated effect of ACE inhibition was highly significant (p less than0.001) whether fixed random, weighted or standardised 
models were used. The pattern of effects is the same, and significant, in both measurement groups. 
 
Changes throughout the studies 
Blood pressure: 
Results for initial and final sBP and dBP were not homogenous (p less than0.001) although those with mean arterial BP were 
not as different (p greater than0.1) despite the differences in definition between the studies. 
Mean changes in sBP and dBP showed a decrease in patients on ACE inhibitors compared to controls (130/78 to 127/76 vs. 
128/78 to 129/79 mmHg, respectively). 
Mean arterial BP rose little for the ACE inhibitor patients (96.7 to 97.0 mmHg) but not as much as the controls (95 to 101 
mmHg). 
Therefore significantly greater antihypertensive effect was experienced by initially normotensive patients in the ACE inhibitor 
group than the placebo group. 
Glycosylated Hb 
Results were not significantly heterogeneous between the studies.  
Pooled mean effect was just significant with an average fall from 8.89–8.85% for the ACE inhibitor treated groups, compared 
to controls (which rose from 8.71–8.74%) 
Glomerular filtration rate 
Differential effects for GFR were not significantly heterogeneous between studies. 
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Albumin excretion rates 
The 12 studies were extremely heterogeneous with regard to differing effects ACE inhibitors on AER (chi-squared with 11 
degrees of freedom = 120, p less than0.001), more so for those measured in microg/min than for those in mg/day, partly due to 
the skewed distribution of AER. Logarithmic transformation reduced but did not eliminate the heterogeneity overall (chi-
squared with 11 degrees if freedom = 30; p less than0.005) or separately for those measured as mg/day or microg/min.  
AER fell for patients on ACE inhibitors in 11/12 studies, but only for 2/12 groups on placebo. 
Estimated effect of ACE inhibition was highly significant (p less than0.001) irrespective of the statistical model used. 
Type of diabetes 
In seven studies patients were exclusively Type 1 diabetes (or insulin dependent) and in four studies, as solely type 2 or 
NIDDM. 
ACE inhibition provided a significant reduction in AER in both groups and in the remaining study with both IDDM and 
NIDDM patients.  
Type of ACE inhibitor  
All three ACE inhibiting drugs significantly reduced AER in comparison with controls. 
Captopril was prescribed for IDDM in one study excluded from the analysis, where AER increased at an annual rate of 17.9% 
(95%CI: –29.6 to –4.3%) in the treatment group, compared to 11.8% (95%CI: –3.3 to 29.1%) in controls (p=0.004) 
 
Conclusion: 
A rise in blood pressure is associated with the change from normoalbuminuria through microalbuminuria to 
macroalbuminuria.  
People with diabetic nephropathy may start and some remain normotensive, but with higher BPs than normoalbuminurics. 
Eventually diabetic patients become hypersensitive and benefit from the use of antihypertensive drugs to slow the progression 
to end-stage renal failure. 
Intraglomerular hypertension may exist whether or not systemic hypertension is present. Drugs that specifically lower 
intraglomerular pressures independent of their effect on systemic blood pressure might prove beneficial in reducing the rate of 
progression of renal insufficiency.  ACE inhibitors alter efferent arteriolar tone and consequently decrease intraglomerular 
pressure independent of their effect on systemic blood pressure.  
The beneficial effect of angiotensin converting enzyme inhibition in limiting its rise is clear. None of these studies lasted long 
enough to establish a relationship with end-stage renal failure.  
After an open follow-up extension of their study Ravid et al concluded that treatment with enalapril resulted in an absolute 
risk reduction of 42% for nephropathy to develop during seven years (95% CI:15–69%; p less than0.001) in people with type 
2 diabetes. 
 
ACE inhibitor use in normotensive or microalbuminuric diabetics appears to produce intermediate benefits on both blood 
pressure and albumin excretion rate. 
 
Implications for practice 
Inhibition of ACE can arrest and even reduce the albumin excretion rate in microalbuminuric normotensive diabetics. There is 



National Collaborating Centre 
for Chronic Conditions 

 

Page 51 of 99 

also some reduction or prevention of increase in systolic blood pressure and it is not possible to be sure that reduction of AER 
is due to a separate renal effect. No substantial side-effects were observed. A direct link between postponement of end-stage 
renal failure could not be demonstrated. 
 
Further research 
Long term studies to establish a link between early use of ACE inhibitors and end-stage renal failure in representative groups 
of patients are needed. 

Hierarchy of Evidence Grading Ia 

Comments Main question: Can the rate of decline in the glomerular filtration rate be reduced or even prevented in normotensive diabetic 
nephropathy by captopril or other hypotensive regimens?  
Where publications included raw data, means and variances were recalculated, otherwise means or medians over a confidence 
interval range were taken.  
Inclusion criteria: RCTS of ACE inhibitors vs. placebo, follow up ����\HDU��LQLWLDOO\�QRUPRWHQVLYH�GLDEHWLF�SDWLHQWV��QR�
patients had blood pressure greater than 160/95 mmHg) with microalbuminuria or overt albuminuria. If greater than 1 control 
group was included in the trial, only the one receiving placebo was included in the review. Most studies explicitly excluded 
comorbidities.  
Searched MEDLINE, reference lists of retrieved papers, personal reference lists. for English language reviews and RCTs. 
Search terms: diabetes & ACE inhibitors, diabetes & renal failure, diabetes & mircoalbuminuria 
Studies were excluded from the review if they did not reach a required methodological quality. 
The quality of studies was assessed using a score with seven components. 
Studies had individual inclusion/exclusion criteria but were all RCTs in which normotensive diabetics received an angiotensin 
converting enzyme inhibitor for ����\HDU� The average score of meta-analyses studies was 55/100 (range 34–78) 
Randomisation was reported as concealed in only two of the trials. 
Blinded outcome included in most studies 
Intention to treat analysis were not evident. 
Six studies reported steps to establish compliance 
No study continued to end-stage renal failure. 
Reasons for withdrawal generally reported except in three studies where it was impossible to identify the treatment group of 
patients withdrawing from the study. Reported reasons for dropouts show little difference between treated patients and 
controls. 
Longer term studies are needed to identify true effects of early initiation of ACE inhibitors on end-stage renal disease.  
Changes in AER may be due to antihypertensive effect not any effect on intraglomerular hypertension  
In seven of the studies patients were exclusively IDDM or insulin dependent and in four as solely NIDDM. The remaining 
study included both types of diabetic patient  
Date of most recent substantive amendment: 1 April 1999 
First draft of review was presented to a scientific meeting of the Scottish Study Group for the Care of the Young Diabetic, 
which provided a check on the comprehensiveness of retrieved studies 
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Not all publications specify whether ± is followed by standard deviation or standard error. Some papers, or groups of papers 
contained conflicting figures. Where raw data was not available, SD of change was calculated assuming (questionably) that 
start and end measures are independent. Since the data are a mixture of arithmetic mean, geometric mean and median using 
two units of measurement, the authors advise caution. 
Data and descriptions of some of the studies have been extracted from more than one publication but without multiple 
counting. 
Sample sizes in the studies were often small. 

Trials included  Ahmad 1997; Bakris 1994; Bilo 1993; Chase 1993; Hallab 1993; Laffel 1995; Marre 1998; Mathiesen 1991; Parving 1989; 
Ravid 1994; Sano 1995; Stornello 1989; Viberti 1994 

Reference / Citation  232 
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Q 51  What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  The ACE inhibitors in Diabetic Nephropathy Trialist Group. 2001 Should all patients with type 1 diabetes mellitus and 
microalbuminuria receive angiotensin-converting enzyme inhibitors? A meta-analysis of independent patient data. Annals of 
Internal Medicine 134:370–379 

N= 10 trials , n=646 
Research Design Meta analysis 
Aim To show which subgroup of patients are most likely to benefit from therapy, and explore the effects of covariates such as 

blood pressure changes on treatment effect 
Population Mixed diabetes population 
Intervention ACE inhibitors. 

Most common ACE inhibitors were captopril and lisinopril 
Comparison Placebo 

Outcome Side effects not explored. 
Data collected on AER, and change in systolic blood pressure (but only presented in relation to AER). 
Regression/progression to microalbuminuria/normoalbuminuiria calculated by change in AER 

Characteristics Vary between studies 
Results  Estimated Effect at 2 years for all studies, regardless of duration of follow-up 

Percentage difference (placebo group–treatment group) in AER estimated for 2 years, extrapolated from the results for the first 
year only, showed that all studies tended toward a beneficial effect.  
Overall estimated treatment effect with fixed-effects model: 71.0% (95%CI:54.8–81.4%); random-effects model: 73.7% (CI: 
50.2–86.1%) 
Thus when first year data was extrapolated, AER at 2 years for all studies combined was ~70% lower in patients receiving 
treatment, compared to placebo. 
However, this result is highly dependent on the time of follow up. The response to treatment seemed to plateau after a period, 
leading to an attenuation of the slope with increasing follow-up. This means that the treatment effect was greater when 
estimated at 2 years if only the first year follow-up data were used, than if full 4 year data were used. Because the summary 
measure depended on duration of follow-up combining treatment effects with different follow-up lengths is not valid. 
Therefore authors chose to restrict subsequent analysis to studies with ����\HDUV�IROORZ-up (10/12 studies) 
Estimated Effect at 2 years for studies with ����\HDUV�IROORZ-up 
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All studies demonstrated a marked benefit in albumin excretion rate (adjusted for baseline) which was 53.6% (fixed effects 
model) or 51.4% (random-effects model) lower in patients receiving ACE inhibitors, compared to those on placebo (95% CI: 
37.4–65.6% and 31.1–65.6% respectively).  
Using results from patient level rather than trial level regression models a marginal attenuation was seen in the treatment 
effect from 53.4 to 51.2% (CI: 33.6–64.2%) and 51.4 to 50.2% (CI: 30.3–64.6%) for the fixed and random-effects model 
respectively. 
Adjustment for baseline covariates 
Excluding a further 17 patients due to lack of sufficient baseline data, adjustments for separate addition of age, sex, diabetes 
duration, HbA1c and blood pressure had no significant impact on the treatment effect.  
Change in systematic blood pressure and albumin excretion rate 
Changes in blood pressure in relation to the treatment effect on AER were observed throughout the study. Much of the change 
in BP occurred early in the trial, at the postrandomisation visit, after which it remained relatively constant.  
Adjustment made to the treatment effect using a model that included baseline AER, baseline diastolic BP and trial, the 
treatment effect was significantly attenuated from 50.7% (CI: 29.8–65.4%) to 45.1% (CI18.6 to 63.1%) (p less than0.001). 
The p value was 0.01 for the first postrandomisation blood pressure measurement in the model. 
There was no evidence of an interaction between baseline albumin excretion rate and baseline diastolic blood pressure (p 
greater than0.02) 
Effect of baseline AER 
There was a clear gradation in beneficial effect depending on baseline AER. 
(VWLPDWHG���\HDU�GLIIHUHQFH�LQ�$(5�IRU�SDWLHQWV�ZLWK�EDVHOLQH�$(5�QHDU������ J�PLQ��ZDV��������FRPSDUHG�ZLWK�������LQ�
WKRVH�ZLWK�EDVHOLQH�$(5�QHDU���� J�PLQ�DW�EDVHOLQe (p=0.04) 
Subgroup analysis of other covariates 
People with low baseline diastolic BP (less than 76 mmHg) showed a treatment effect of 40%, compared to 54% in people 
with baseline diastolic BP greater than81 mmHg (p greater than0.2) 
Treatment effect for people with baseline HbA1c below the median was 40% compared to 59% above the median (p=0.2). 
Progression to macroalbuminuria and regression to normoalbuminuria 
With the exception of one trial (PRIMA study) the treatment effect on risk for progression to macroalbuminuria demonstrated 
a beneficial effect. 
Overall fixed-effects odds ratio = 0.37 (CI: 0.25–0.57; p less than0.001) in favour of ACE inhibitors.  
Regression to noromalbuminuria was also greater in treated patients: 
Fixed-effects odds ratio = 3.07 (CI:2.15–4.44; p less than0.001) 

Hierarchy of Evidence Grading Ia 

Comments Inclusion criteria: placebo-controlled (or containing non-intervention comparison group), ����SDWLHQWV��JUHDWHU�WKDQ��\HDU�
follow-up, AER measured at baseline and ����IROORZ-up visits.  
Databases searched: MEDLINE, biographies of recent studies scrutinised, key investigators approached to identify other 
studies. 
Data from investigators from each patient included in the trial: age, Duration of diabetes, sex and treatment assignment at 
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baseline and follow-up data on AER, blood pressure and glycaemic control.  
Studies selected by adherence to inclusion criteria. No mention of quality checklist or individual study methodology  
Data collected from investigators. Data then converted to a similar format and analysed. Original protocols and manuals of 
operation checked for entry criteria. 
Mean AER calculated for each patient, and values log-transformed for analysis.  
Summary measure of AER for a given length of follow-up in each patient calculated using regression through the origin 
estimator giving gradient or rate of change of AER, per 6 months of placebo and treatment groups. 
Analysis of covariance to calculate difference in slopes of log AER, adjusted for the baseline rate.  
Adjustments made for baseline covariates demonstrated no differences following adjustment for age, sex, duration of diabetes, 
diastolic blood pressure or HbA1c. 
2 studies excluded after first analysis due to insufficient follow up leading to bias in favour of treatment effect 
Studies are small and a range of definitions are used for microalbuminuria 
The number of patients included differ from those in the published studies, because only patients who met the definition of 
microalbuminuria in this study (20–��� J�PLQ��DQG�ZKR�KDG�D�EDVHOLQH�DQG�����PRQWKV�DIWHU�EDVHOLQH� 
The treatment effect was strongly influenced by baseline AER  
Includes two studies specifically excluded in Cochrane review.  
Opted for IPD due to the different measures of renal outcome employed by the different studies. 
Only patients who met entry criteria were included in the study.  
Data included from 12 trials, increasing the number of trials or patients will reduce the influence of chance effects and 
consequently result in more tightly defined ad precise estimates of treatment differences.  
All data retrieved from authors of trials, not from reports. 
IPD allows more balanced interpretation of the results of individual trials. 
Fixed and random effects model used. 
Analysis restricted to non-hypertensive patients because control hypertensive patients would be using antihypertensive 
treatment. 
Definition of normotension used in early trials now out of date.  
Modal follow up period of studies was 2 years, only two studies continued for 4 years, however extrapolations are made for 4 
years effect. 2 studies excluded following first analysis due to short length of follow up and bias that this would introduce 
Trials selected with ����SDWLHQWV�DQG����\HDU�IROORZ-up to reduce the potential of bias from small, short-duration trials. 
Dichotomising the GHb variable for each trial is a relatively crude method for defining good or poor control. Patients 
categorised as having poor control in one trial may have good control in another.  
Because meta-analysis is based on raw data, full adjustment can be made for covariates and the outcome measure can be 
calculated in exactly the same way for all people in each trial. 
Author conclusion: data indicate that ACE inhibitors prevent progression of AER from the microalbuminuric to the clinically 
proteinuric range and can normalise AER in people with microalbuminuria.  Thus ACE inhibitors may help to reverse renal 
disease. Only a small fraction of the ACE inhibitor effect can be explained by a decrease in systolic blood pressure.  Ace 
inhibitors can also significantly reduce AER in patients with relatively low baseline AER. The magnitude of effects is small, 
but may still be clinically significant. The effect of ACE inhibitors does not differ by sex, age, disease duration, glycaemic 
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control (this has not been proven) and baseline BP. 
Trials included  Crepaldi  et al 1998 Ebbehoj et al 1998, ESPRIT 2001 (Barnes et al), EUCLID study group 1997, Marre 1998, Mathiesen 

1991, Melbourne study group 1991, O’ Donnell et al 1993, Viberti 1994 
Reference / Citation  233 
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Q51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Ahmad, J., Shafique, S., Abidi, S. M. A., & Parwez, I. 2003, "Effect of 5-year enalapril therapy on progression of 
microalbuminuria and glomerular structural changes in type 1 diabetic subjects", Diabetes Research and Clinical Practice, 
vol. 60, no. 2, pp. 131-138. 

N= n=73, enalapril =37 placebo =36 
India 

Research Design Randomised controlled trial 
Aim A study to determine the effect of enalapril, a long-acting inhibitor of ACE, on renal function and its ultrastructure in type 1 

diabetic patients with an elevated albumin excretion rate (AER). 
Operational Definition The diagnosis of diabetes mellitus was established according to WHO criteria 
Population Type 1 diabetes with persistent albuminuria 
Intervention An intervention of 10mg enalapril (orally) once daily (or dose doubled if blood pressure rose)  
Comparison Compared to a matching placebo 
Outcome Biochemical effects and structural renal changes were assessed by a number of tests at various intervals up to 5 years 

Recordings were made at three separate visits in the 2 months before renal biopsy at baseline and 3-4 months interval 
thereafter. Fasting plasma glucose, HbA1c, serum creatinine, serum and urinary electrolytes were determined.  
Twenty-four urinary AER was determined by RIA initially at 3 and 6 months, and thereafter yearly. GFR, renal plasma flow 
(RPF) and also the plasma renin activity were performed at 0, 6, 12, 36, 48 and 60 months. GFR and RPF were estimated 
using inulin and PAH, which are reliable indices of renal function  
Glyco-haemoglobin (HbA1c) was assayed by cation exchange resin  
The mesangial volume was estimated by standard stereological methods using a test grid of coarse to fine points in a ratio of 
1:8. The glomerular membrane thickness was determined by the orthogonal intercept method using a high powered 
microscope 

Characteristics Age =32yrs, Male =52%, Duration of diabetes =10yrs, BMI =23 kg/m2, HbA1c =8.1%, Type 1 diabetes =100% 
Results  The AER in the enalapril group decreased from an initial geometric mean (GM) of 87 ± 84.9 mg/24 h to a 5 year mean of 33 

±31.5 mg/24 h in contrast, for placebo GM of 93 ± 91.2 mg/24 h rose to a 5 year GM of 215 ± 212.6 mg/24 h. 
The difference between the mean values of daily albuminuria in the two groups became significant after the first year (p less 
than0.05)  
The risk for developing diabetic nephropathy within 5 years of follow-up was 11/36 (30.5%) in the placebo-group compared 
with 3/37 (8.1%) in the enalapril group. Absolute risk reduction of 22.4% (p less than 0.001).  
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Mean sBP and dBP remained unchanged 
Metabolic control, urinary urea excretion, body weight, serum sodium concentrations and serum lipid concentrations did not 
show significant differences between the two groups.  
A significant increase in plasma renin activity (enalapril 3.01 ± 0.69 to 7.93 ±1.71 ng/m/h versus placebo 2.83 ± 0.85 to 2.81 
±0.84 ng/m/h) was observed during enalapril treatment.  
In terms of biopsy tests the glomerular membrane thickness did not change in either group. The mean glomerular volume and 
mesangial volume increased in the placebo group compared to those on enalapril (P less than0.05). 

Hierarchy of Evidence Grading Ib 
Comments Changes in blood pressure may not entirely explain the anti-proteinuric effect of ACE inhibitor 

85 people were recruited into the study but results of 73 are reported if those in the intervention group who were receiving less 
benefit from the therapy than the average were excluded from analysis the effect size will be overstated 
No assessment of adverse events 

Reference / Citation   
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Q51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Parving H-H, Hommel E, Jensen BR, Hansen HP 2001 Long-term beneficial effect of ACE inhibition on diabetic nephropathy 
in normotensive type 1 diabetic patients. Kidney International 60:228–234 

N= N=32: Captopril group: n= 15, Controls: n=17 
Denmark 

Research Design Randomised controlled trial  
Aim A trial to test the efficacy of ACEi in diabetic nephropathy 
Population Type 1 diabetes 
Intervention Captopril b.i.d (average 74, range 12.5–125 mg/day) Dose adjusted at outpatient clinic visits. Average captopril dose at 8 year 

follow up = 74 mg/day (12.5–125 mg/day) 
Comparison Placebo matched controls 

Outcome Arterial BP, albuminuria (measured by fractional albumin clearance), and kidney function (measured with GFR) 
Characteristics Sex(M/F): Captopril: 10/5, controls: 13/4; Age (years): Captopril: 32±8, controls: 30±8 

Duration of diabetes (years): captopril: 20±8 controls: 20±8 
Results  Glomerular filtration rate 

Mean initial decline in GFR during the first 6 months: 
Captopril: 8 (range: 12.9 to –1.1) ml/min, controls: 2 (range 9.9 to –0.6) ml/min (non significant) 
Rate of decline of GFR over the follow-up period was 1.7 (range: 10.7 to –2.0) ml/min/year in the captopril group, compared 
to 2.8 (17.7 to –2.6) ml/min/year in controls (non significant) 
A huge variation was seen in the individual rate of decline in GFR. Five patients (2 in the captopril group) with the highest 
rate of decline (greater than10ml/min/year) had significantly higher albuminuria and total cholesterol (p less than0.05) 
compared to other participants.  
Blood pressure & Albuminuria 
Comparison of the mean values over the entire 8-year follow up of arterial BP and albuminuria show significantly lower 
values in the captopril group compared with controls. (p less than0.05) 
Blood pressure: Captopril 12/77±4/1, controls: 137/84±5/2 mmHg 
Albuminuria: Captopril: 657x/�1.29, controls: 1379x/�1.17 mg/24h 
 
Univariate analysis did not find any significant correlation between the rate of decline of GFR and any other variable at 
baseline.  
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During follow-up a strong correlation was found between rate of decline between GFR and albuminuria, and BP (p less 
than0.05) 
Multivariate analysis showed higher values of systolic BP and albuminuria were associated with enhanced decline in GFR.  
 
HbA1c, serum albumin concentration, cholesterol, sodium potassium and urinary sodium excretion and protein intake showed 
no significant changes during the study in either group. 
Five captopril and 6 control patients developed proliferative retinopathy during the 8 years of study. 
No severe side effects occurred and all patients continued or started ACE inhibition after termination of the trial. 
Subgroup analysis 
Subgroup analysis of 14 patients (10 captopril, 4 controls) still available at the end of the 8 year follow up demonstrated a 
significant elevation in arterial BP and GFR following 2 months treatment withdrawal in both treatment and control subjects, 
and in albuminuria in subjects previously receiving captopril for 8 years. 

Hierarchy of Evidence Grading Ib 

Comments Follow up: 8 years  
Patients matched in pairs according to albuminuria, arterial BP, and GFR levels and then randomised. 
Authors state randomisation was concealed, but no details given for method used. 
Blinding is not addressed  
Patients had clinic visits once per month until the third month, and once every three months thereafter.  
Clearance studies were carried out every 6 months with 51Cr-ETDA. 
Variables measured during the trial for each patients are summarised by one mean variable of all measurements over the entire 
period for that patient.  
All but one captopril treated patients are included in the analysis.  
1 patient in the captopril group excluded following study initiation due to persistent microscopic haematuria and 
mesangioproliferative glomerulonephritis and excluded from analysis 
Authors state that intention to treat analysis was applied as all patients completed the first 12 months of the study period.  
Single site study 
limited power does not allow for any conclusion regarding a specific renoprotective effect of ACE inhibition.  
8/17 patients started BP lowering treatment during the investigation period (diuretics, dihydropyridine, calcium antagonist and 
�EORFNHU��GXH�WR�DUWHULDO�%3�HOHYDWLRQ��JUHDWHU�WKDQ�������PP+J�� 

Paired and unpaired student t tests used 
P values of less than0.05 were considered significant.  
Linear regression and stepwise linear regression analysis were used to evaluate the correlation between putative predictors 
(albuminuria, BP, HbA1c, baseline GFR, urinary sodium excretion, dietary protein intake, and age) and rate of decline of 
GFR. 
All calculations made with Statgraphic.  
BNF recommended captopril dose for diabetic nephropathy: 75–100 mg daily. 
Age cut off at 50. 
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Captopril treatment aimed at prevention the rise in arterial BP that occurs in diabetic nephropathy and reduction the mean 
arterial BP by 5 mmHg. 
Protein intake measured from urinary urea nitrogen excretion. 
Additional investigation performed after 8 years on 10/15 captopril and 4/8 control patients after a BP-lowering pause of 2 
months. Other patients were not included due to: 
Captopril group: 1 dead in bed, 1 haemodialysis, 1 emigration, 1 glomerulosclerosis and glomerulonephritis, 1 undercurrent 
illnesses 
Control group: 3 ESRD, 1 stroke. 
Patients recruited in 1985 
No power analysis, sample size is small (n=15 treatment group, n=17 controls). 
8 Patients in the control group were treated with antihypertensive therapy additional to ACE inhibitors (diuretics, 
GLK\GURS\ULGLQH�FDOFLXP�DQWDJRQLVW�DQG� -blockers. 
No blinding 
No concealment of randomisation 
Subgroup analysis shows significant decrease in withdrawal of treatment from both groups of participants. 
BP and albuminuria used as risk factors for losing filtration power 
Results for renal function not corrected to body surface area. 
Author conclusion: the beneficial effect of ACE inhibition in arresting the rise in systemic BP and albuminuria is long lasting. 
A loss of GFR is minimal in most patients with diabetic nephropathy if normotension is sustained by prospective treatment 
with ACE inhibitors or restored by implementation of other antihypertensive medications with the development of 
hypertension 

Reference / Citation   
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Katayama S, Kikkawa R, Isogai S, Sasaki N, Matsuura N, Tajima N. Urakami T, Uchigata Y, Ohashi 2002 Effect of captopril 
or imidapril on the progression of diabetic nephropathy in Japanese with type 1 diabetes mellitus: a randomised controlled 
study (JAPAN-IDDM). Diabetes Research and Clinical Practice 55:113–121 

N= N=81: Captopril n = 26; imidapril n=26; placebo n=27 
Japan 

Research Design Randomised controlled trial  
Aim To evaluate the efficacy of ACEi in diabetic nephropathy 
Population Type 1 diabetes 
Intervention Captopril 37.5 mg, 

Or  Imidapril 5 mg 
Comparison Indistinguishable placebo 

Outcome Rate of change in urinary albumin excretion 
Secondary outcomes: HbA1c, systolic blood pressure 
Side effects not addressed 
At semi-annual visits, HbA1c, serum creatinine concentration, and serum, electrolyte elves were measured. 
UAE measured from two timed overnight urine samples by radioimmunoassay and creatinine concentration by the Jaffe 
reaction. 
UAE calculated as albumin concentration times urine volume and converted to daily excretion (mg/day). 
Creatinine clearance was also determined using 24 h urine samples before the study and every year during the study. 
BP measured ���K�DIWHU�WKH�PRUQLQJ�GRVH�RI�LQVXOLQ�DQG�FRGHG�PHGLFDWLRQ��$Q�DYHUDJH�ZDV�FDOFXODWHG�IURP�WZR�
measurements 

Characteristics Age of onset less than 20 years of age, aged 20–50 years, UAE greater than 30 mg/day (from two consecutive overnight sterile 
urine samples), hypertensive patients with Blood pressure less than 90 mmHg in diastole with antihypertensive agents other 
tan ACE inhibitors, Ca channel blockers and A2RBs 

Results  Increase in UAE at final visit: 
Placebo group Increased by 57%,  
captopril group decreased by 31% 
Imidapril group decreased by 37% 
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Serum creatinine and creatinine clearance levels were not altered significantly in each group. 
HbA1c levels did not show any significance between the groups 
 
Blood pressure: 
Authors state:  
Systolic BP between the three groups were not different (p=0.185). However, duration of treatment had a significant effect on 
systolic BP (p=0.048). Systolic BP in the placebo group tended to be higher by 7–1 mmHg throughout the study. The final 
systolic BP was higher by 5.7 mmHg in the placebo group (134.9±18.3) than in the ACEi group (129.2±18.4). Changes in 
systolic BP were positively correlated with the changes in UAE. 

Hierarchy of Evidence Grading Ib 

Comments Randomisation was performed centrally by telephone, using a random table. 
Baseline data obtained twice during the run-in prerandomisation period. Average values were used as the baseline value.  
No significant difference was seen in any of the parameters (age, height, body weight, % hypertension, albumin excretion, 
HbA1c or blood pressure) between any of the groups at the start of the trial. 
Patients followed up by physicians every month.  
Anti hypertensive agents other than ACEis, Ca channel blockers and A2Rbs were added or dosage of these agents was 
increased in individual patients to achieve target systolic BP levels of: less than140, less than150 and less than160 mmHg for 
patients with initial systolic BP less than 150, 150–170 and greater than 170 mmHg respectively. 
No details of how patients were selected for entry into the study.  
No power analysis 
Authors state that randomisation was by telephone with a random table but no further details are given of concealment of 
randomisation. 
No details of blinding provided, placebo defined as indistinguishable. No details of any difference between captopril and 
imidapril. 
Patients whose serum creatinine level doubled compared with the initial value, were excluded from the trial. 
Authors state that analysis was performed on an intention-to-treat basis. 
No raw data given. Bias appears to be in the direction of the ACE inhibitors. Conclusions drawn from the statistics are not 
recorded in a consistent or meaningful manner. 
65 out of 79 patients were normotensive (average initial BP  = 125.5/76.0; 129.3/79.8 and 126.7/78.1 mmHg in the captopril, 
imidapril and placebo group, respectively) 
Five patients in each of the imidapril and placebo, and two patients in the captopril groups were administered other 
hypotensive agents throughout the study.  
BPs were generally well controlled throughout the study 
No beneficial effects of ACEi’ s on GFR may be due to small sample size and short observation period. 
Study terminated on recommendation of the independent data safety and monitoring board since a significant difference 
between treated and placebo group (p=0.007) was obtained. However, this figure is not cited elsewhere. 

Reference / Citation   
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Kventy J, Gregersen G, Smith Pedersen R 2001 Randomised placebo controlled trial of perindopril in normotensive, 
normoalbuminuric patients with type 1 diabetes mellitus. Q J Med 94:89–94 

N= N=89 : perindopril=43, placebo=46 
Denmark 

Research Design Randomised controlled trial  
Aim A study of the protective effects of ACEi 
Population Type 1 diabetes 
Intervention Perindopril 4 mg b.i.d 
Comparison Placebo b.i.d 

Outcome Urine albumin/creatinine ratio (ACR), mean blood pressure and index of GFR based on serum creatinine 
Secondary outcome: was whether the effect of ACE inhibition was associated with the ACE genotype 

Characteristics Age (years): perindopril=44±14, placebo=46±13; male sex: perindopril =55%, placebo = 58%;  
duration of diabetes (months): perindopril=116±125, placebo=182±146 

Results  Drop outs 
Fourteen patients dropped out during the study (eight in perindopril group, six in placebo group): cough n=1, pregnancy n=2, 
non-compliance n=11 
The difference between these patients and those completing the study were not significant  
At termination 52% of the initial 89 patients were treated for greater than36 months. 
Albumin/Creatinine ration 
After 4 months of therapy ACR was significantly higher in the placebo group compared to the perindopril group, this was 
maintained throughout the study period. 
A significant increase in ACR occurred during treatment in the placebo group (p=0.07) 
A non-significant decrease was seen in the ACR of perindopril treated patients throughout the study (p=0.11) 
 
No differences were seen between the groups in mean arterial BP or creatinine clearance. 

Hierarchy of Evidence Grading Ib 

Comments Urine albumin was analysed using and immunological method, urinary creatinine measured kinetically and index of GFR 
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determined from adjusted serum creatinine.  
Patients entered into the study concomitantly 
All patients eligible for study agreed to participate 
All patients received 4 mg perindopril daily for 1 week to check the drug was well tolerated. After 4 weeks washout patients 
were randomly assigned to 2 mg perindopril or placebo. 
Concealment of allocation not discussed 
Computer randomisation 
No details of blinding discussed.  
Baseline HbA1c values were lower than those reported in other centres, 
Baseline ACR was lower (non-significantly) in the placebo group, compared to the perindopril treated patients 
No data for number of patients included in the analysis 
Study planned for 5 years follow up including 1 year entry but due to technical problems entry period was extended to 2 years. 
Mann-Whitney test used for comparison between groups and Wilcoxon matched paired test used for comparisons within 
groups. 
All data processing performed with the Statistica software 
Data not given for actual follow up time of patients 
No raw data provided for results.  
No power analysis. 

Reference / Citation  234 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Mathiesen ER, Hommel E, Hansen HP, Smidt UM, Parving HH 1999 Randomised controlled trial of long term efficacy of 
captopril on preservation of kidney function in normotensive patients with insulin dependent diabetes and microalbuminuria. 
BMJ 319:24–25 

N= N=44 : captopril n=21, control n=23 
USA 

Research Design Randomised controlled trial  
Aim A study of the protective effects of ACEi 
Population Type 1 diabetes 
Intervention Initially 25mg captopril, increased to 100 mg ; then thiazide added 
Comparison Placebo 

Outcome Albuminuria; kidney function; systolic, diastolic and arterial blood pressure. 
Characteristics Not recorded 
Results  Percentage progression to diabetic nephropathy 

Captopril group = 10% (2/21), Control group = 40% (9/23); Survival analysis p=0.019 
Glomerular filtration rate 
Captopril group: GFR declined from 126 (24) to 114-(23) ml/min after 8 years. 
Control group: GFR declined from 129 (18) to 119 (32) ml/min in the control group after 8 years (p=0.03) 
GFR increased in the captopril group after 2 months treatment pause to 126 (21) ml/min 
Decline in mean GFR was 11.8 (95% CI: 1.2–22.0; p=0.03) and 1.4 (95% CI: –4.9 to 7.7; p=0.65) in control and captopril 
control groups respectively 
Fall in GFR during 8 year follow up in 8 control patients developing nephropathy = 27.3 ml/min (CI: 3.7–51.0, p=0.03) 
GFR increased by 3.8 (–3.5 to 11.0) in captopril treated patients with UAE greater than300 mg/24h during the treatment pause 
(p=0.02 between the groups) 
Urinary albumin excretion rate 
A significant increase was seen in urinary albumin excretion (p less than0.001) in the captopril group during the 2 month 
treatment pause.  
38% (6/16 patients ) developed albuminuria greater than300mg/24h 
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HbA1c and blood pressure did not differ between the two groups during the study 
Hierarchy of Evidence Grading Ib 
Comments 8 year follow-up of Mathiesen et al 1991 

Cochrane review allocation concealment grade B for original study.  
Glomerular filtration rate measured annually with Crom EDTA plasma clearance over 4 hours.  
2 patients in each group were excluded after 4 years because they did not attend follow up sessions.  
Four patients in control group started antihypertensive treatment with diuretics, beta-blockers or calcium channel blocker. 
Three patients in the treatment group were changed from bendrofluazine to frusemide because of oedema of dBP greater 
than95 mmHg. 
After 8 years, 16/21 patients in treatment group and 2 patients in the control group were subsequently investigated after a 
treatment pause of 2 months. 
Insufficient data given for change in UAE in either group 
More details need for treatment of patients outside of intervention under investigation.  
No details given of concomitant therapy for conditions other than hypertension.  
4 patients in control group initiated antihypertensive therapy during study period.  
Treatment pause results are from a very small sample of patients without sufficient control group for conclusions to be drawn 
from these groups.  
GFR measurement after 2 months treatment pause used in analysis. 
Authors state that observation of GFR should exceed 2 years follow up for conclusions to be drawn. 
Authors attribute the temporary fall in GFR in the treatment group during follow up to a reversible haemodynamic 
phenomenon 

Reference / Citation   
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Jerums G, Allen TJ, Campell DJ, Cooper ME, Gilbert RE, Hammond JJ, Raffaele J, Tsalamandris C, on behalf of the 
Melbourne Diabetic Nephropathy Study Group 2001 Long-term comparison between perindopril and nifedipine in 
normotensive patients with Type 1 diabetes and microalbuminuria. American Journal of Kidney Diseases 37:890–899 

N= N=33: Perindopril=13, nifedipine=10, placebo=10 
Australia 

Research Design Randomised controlled trial  
Aim A trial of the efficacy of ACEi in diabetes and microalbuminuria 
Population Type 1 diabetes 
Intervention Perindopril (initially 2 mg once daily, titrated at 2 week intervals to 4 mg and then 8 mg, aiming for a reduction in supine 

diastolic BP of ���PP+J� 
Comparison Nifedipine sustained release (initially 10 mg b.i.d. increasing to 20 mg and then 40 mg if well tolerated, aiming for a reduction 

in supine diastolic BP of ���PP+J�� 
or placebo (one tablet/day) 

Outcome Primary outcome: UAE 
Secondary outcome: development of macroproteinuria or reversal to normoalbuminuric range.  

Characteristics Age (years): perindopril=35±5, nifedipine=28±4, placebo=28±3; Sex (M/F): perindopril 4/9, nifedipine 6/4, placebo 7/3;  
Diabetes duration (years): perindopril=21±4, nifedipine=12±2, placebo=15±1 

Results  Blood pressure 
A transient difference in mean arterial BP was seen at 6 months between the two active drug groups and placebo: 
Perindopril 90±2 mmHg, nifedipine 90±3 mmHg, placebo 98±2 mmHg (p less than0.05 vs. placebo) 
A borderline statically significant difference at 12 and 24 months (p=0.07 and p=0.06, respectively) 
At 36 months there was no statistically significant difference between any of the groups. 
Hypertension developed in three patients in the placebo group during the first 4 years of treatment.  
 
No changes in HbA1c, serum cholesterol or triglyceride levels were seen throughout the study  
Plasma renin concentration was increased in the perindopril group at 36 months (p less than0.01) 
 
Albumin excretion rate 
Baseline AER was in the low microalbuminuric range with no significant differences among the three groups. 
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In the placebo and nifedipine groups AER progressively increased over the 3 year follow-up. 
perindopril treatment was associated with an initial decline in AER 
0HGLDQ�$(5�DW���\HDUV��SHULQGRSULO��� J�PLQ��QLIHGLSLQH���� J�PLQ��SODFHER���� J�PLQ��S�OHVV�WKDQ����� 
Yearly rate of change in AER showed a decline in AER in the majority of the perindopril patients, compared to an increase in 
AER in most other patients (p less than0.03) 
1 patient developed macroalbuminuria in the perindopril group 
��SDWLHQWV�UHJUHVVHG�WR�$(5�OHVV�WKDQ��� J�PLQ�LQ�WKH�SHULQGRSULO�JURXS�FRPSDUHG�WR�QRQH�LQ�HLWKHU�WKH�QLIHGLSLQH�RU�SODFHER�
treated groups (perindopril vs. placebo p less than0.01, perindopril vs. nifedipine p less than0.001) 
Percentage changes in AER: 
After 12 months: perindopril = 45% decrease, nifedipine = 17.6% increase, placebo = 27.6% (p less than0.03) 
Beyond 12 months: perindopril = 12.5% per year beyond 12 months (p less than0.02 compared to the first 12 months), 
nifedipine and placebo showed no significant difference in rate of change  
Pooled analysis of results at month 24 in patients from all three treatment groups showed a significant correlation between the 
gradient in AER in individual patients and change in systolic BP (r=0.48. p less than0.01) and diastolic BP (r=0.34, p less 
than0.05) 
Glomerular filtration rate 
Baseline GFR was comparable between the three groups and no significant change was seen in any group over 3 years. 
Subgroup analysis of three months treatment withdrawal 
14 patients studied: perindopril =8, nifedipine=6) 
No significant change in BP was seen in either group after three months withdrawal 
In perindopril patients AER increased from 20–��� J�PLQ�DW�WKUHH�PRQWKV�RII�WUHDWPHQW��S�OHVV�WKDQ�������� 
In nifedipine patients AER levels remained elevated but did not increase further after cessation of the 

Hierarchy of Evidence Grading Ib 
Comments Participants were unaware of the identity of the study drug. 

Drug dispensing, laboratory measurements, and statistical comparisons were performed independently of the treating doctor 
by staff who were masked to the randomisation status of individual patients.   
Randomisation performed by a pharmacist who had no information about individual patients.  
Patients were seen at 2 week or monthly intervals until titration of their medication was completed, in all cases by 12 weeks 
after randomisation. 
If hypertension (3 months supine sBP greater than90 mmHg or dBP greater than140 mmHg if aged ����\HDUV��RU�V%3�JUHDWHU�
than160 mmHg if greater than 40 years), or significant renal impairment (GFR less than 60ml/min/1.73m² and or serum 
creatinine greater than0.2 mmol/l) developed, the study agent was discontinued and patients were allocated to perindopril or 
nifedipine.  
After randomisation and titration, visits occurred every 3 months throughout follow up. 
Patients who were normotensive at the end of the study were followed for a subsequent three months off treatment. 
Groups were compared using one way analysis of variance, student’ s t test or chi-squared analysis or Fisher’ s exact test.  
Patients completing and failing to complete the study were compared.  
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Study blinded, and randomised, randomisation was concealed.  
Treatment was protocol differed between the three groups leading to possible unblinding of patients or physicians  
Small changes in BP could be responsible for the changes in AER rate.  
Authors acknowledge that changes in systemic BP may modulate AER even when BP levels are in the normotensive range 
and any intrarenal effects of specific antihypertensive agents may be superimposed on this.  
Nifedipine in this study was a sustained release formula, therefore these results may not apply to the newer formulations as the 
controlled release form which has better 24 hour availability. 
The increase in AER in normotensive patients in the perindopril group during 3 months treatment withdrawal may represent 
that ACE inhibitors cannot completely inhibit the underlying structural damage related to nephropathic processes, however 
this needs to be investigated further before any conclusions can be drawn. 
Author conclusion: ACE inhibitors are more effective than dihydropyridine calcium channel blockers in retarding the long-
term progression of albuminuria 

Reference / Citation  235 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Tarnow L, Rossing P, Jensen C, Hansen BV, Parving HH 2000 Long-term renoprotective effect of nisoldipine and lisinopril in 
Type 1 diabetic patients with diabetic nephropathy. Diabetes Care 23:1725–1730 

N= N=52 : lisinopril=25 nisoldipine=27 
Denmark 

Research Design Randomised controlled trial  
Aim Studying the long term effects of ACEi lisinopril and nisoldopine 
Population Type 1 diabetes 
Intervention Nisoldipine (20–40 mg once a day) 
Comparison  lisinopril (10–20 mg once a day) 

Outcome Blood pressure, GFR, urinary albumin excretion and IgG 
Measurements were performed at 1, 2, 4 and 6 months and every 3 months thereafter 
Compliance was assessed by tablet counting and by measurement of plasma renin concentration. 
At baseline and every 6 months, patients were interviewed concerning the following side effects: tiredness, headache, 
dizziness, flushing, gastrointestinal problems, nightmares, cough, breathlessness, palpitations, reduced physical activity, cold 
extremities and skin and taste disturbances. 

Characteristics Not recorded 
Results  Study population 

48 patients included in the final analysis of decline in GFR 
Mean follow up time comparable between the two groups (lisinopril=45 months, nisoldipine=42 months) 
At baseline the two groups were comparable for sex and duration of diabetes. 
Patients in the lisinopril group were on average 6 years younger than those in the nisoldipine group. 
Baseline levels of GFR, office blood pressure and albuminuria were comparable between the two groups 
At the end of study 58% (n=14) of lisinopril treated patients and 42% (10) of the nisoldipine treated group were on low-dose 
study medication. Other patients received high-dose medication.  
14 patients in each group received diuretics. 
One nisoldipine and three lisinopril treated patients were taking hydralazin, on patient in the lisinopril group was taking a 
cardioselective beta-blocker 
Withdrawals 
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4 patients in the lisinopril group withdrew from the study: 2 ischaemic heart disease with end-stage renal failure, 1 due to 
angina pectoris, 1 severe orthostatic hypotension 
8 patients in the nisoldipine group withdrew due to: 3 deaths (2 cerebrovascular disease, 1 diabetic ketoacidosis, 3 end stage 
renal failure, 1 nonfatal MI and 1 hypertensive crisis.  
Blood pressure 
Office diastolic BP was reduced significantly and to the same extent in the two groups. 
No significant difference was seen in the time course of BP change in the two groups, although the effect was slightly more 
pronounced in the lisinopril group. 
24 h mean arterial blood pressure was significantly reduced in both groups of patients during the investigation period: 
Lisinopril BP: 108±3 to 100±2 mmHg; nisoldipine BP: 105±2 to 103±1 mmHg (p=0.33) 
Decrease over time in 24 h dBP did not differ significantly between the 2 groups, but was more pronounced in the lisinopril 
group (p=0.06) 
Glomerular filtration rate 
No overall significant differences in the timecourse of GFR was seen in the two groups.  
A significant decline in GFR in both group (p less than0.001) and no overall significant difference between the GFR levels of 
the two groups/ 
Rate of decline in GFR over the entire period = 0.5±0.1 ml/min/month in both groups. 
Mean difference between the groups in decline of GFR = 0.08±0.17 ml/min/month (1.0±2.0 ml/min/year) 
Inclusion of ambulatory BP as a covariate revealed no differences between the lisinopril and nisoldipine group.  
Univariate analysis found significant correlation between the rate of decline in GFR and the values at baseline and during 
follow-up of: 24 h BP, serum cholesterol, HbA1c, and albuminuria.  
A multivariate model showed that these correlations were independent of the randomisation group (r² = 0.42) 
No correlation was seen between age, baseline GFR, average urinary sodium excretion, protein intake during follow-up and 
initial changes in GFR were not correlated to the rate of decline in GFR.  
Renal failure 
Two patients in the lisinopril and three patients in the nisoldipine group entered therapy for end stage renal failure. 
Albuminuria 
A significant difference in the timecourse of albuminuria was seen between the two groups (p less than0.001) 
Lisinopril initiation reduced baseline albuminuria by 52% (95%CI: 14–73) and nisoldipine increased albuminuria by 12% (–
10 to 40) throughout the study 
Fractional clearance of albumin did not differ between the groups at baseline and was reduced in the lisinopril group (from 
380x10–6 (95%CI: 217–648) to 236x10–6 (95%CI: 111–501) compared to an increase from 212 x10–6 (95%CI: 136–330) to 
337 x10–6 (95%CI: 193–588) in the nisoldipine group 
Similar results were seen for fractional clearance of IgG 
Side effects 
8 patients reported persistent cough and three oedema despite diuretic treatment in the lisinopril group, compared with four 
and seven in nisoldipine group respectively 
Compliance 
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Compliance was revealed in 96% of lisinopril treated patients and 98% of the nisoldipine group. 
Subgroup of patients on treatment pause 
No significant difference were seen between the groups following treatment withdrawal. The initial decline in GFR during the 
first 6 months in the lisinopril but not nisoldipine in the group was abolished after withdrawal of treatment, suggesting that 
this is due to a haemodynamic mechanism 

Hierarchy of Evidence Grading Ib 

Comments 4 year study, double blinded for 1 year, single blinded (patients) for further 3 years. 
Results of 1 year study published previously.  
One patient (nisoldipine treated) revealed epimembranous glomerulonephritis and was excluded from all analyses 
For long term evaluation minimal observation period of 1 year required.  
Three patients dropping out during the first month of the intervention were excluded: 1 due to palpitations (nisoldipine), 1 to 
peripheral oedema (nisoldipine) and 1 due to nausea/hypotension (lisinopril) 
Initial 4 week run-in period without antihypertensive medication 
Antihypertensive treatment adjusted according to office blood pressure measurements, to maintain dBP less than90mmHg or a 
reduction in dBP of ����PP+J� 
Failure to achieve BP goals resulted in increased dose of treatment. Additional antihypertensive medication (mainly 
furosemide) was added if therapeutic goals were not achieved or as needed to control peripheral oedema 
Use of other ACE inhibitors, calcium channel blockers or angiotensin II receptor blockers was avoided. 
After completion of 48 months of therapy, treatment was withdrawn for 4 weeks in all patients except 2, who had GFR less 
than10ml/min/1.73m². and one other patient with severe hypertension. (nisoldipine n=15, lisinopril n=18) 
Power analysis conducted determined that to detect a minimum of 48 patients were required for this study. 
Study double blinded for the first year and single blinded thereafter 
Data for patients dropping out in the first three months are excluded from the analysis 
An intention to treat strategy on the statistical analysis was applied with a evaluation of clinical outcome during the entire 
study period in all 52 randomised patients, and gave similar results to a per-protocol analysis.  
Statistical analysis performed with students t test, chi-squared, ANOVA, regression lines for rate of decline in GFR, linear 
regression of correlation between putative predictors and the rate of decline of GFR  
Authors state that the present study population is much too small to examine cardiovascular end points in relation to different 
antihypertensive treatment regimens 
Author conclusion: long-term treatment with lisinopril or nisoldipine has similar beneficial effects on progression of diabetic 
nephropathy in hypertensive Type 1 diabetic patients 

Reference / Citation  236 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Kopf D, Schmitz H, Beyer J, Frank M, Bockisch A, Lehnert H 2001 A double blind trial of perindopril and nitrendipine in 
incipient diabetic nephropathy. Diabetes nutrition metabolism 14:245–252 

N= N= 46 : perindopril n=23, nitrendipine n=23 
Germany 

Research Design Randomised controlled trial  
Aim A study of the efficacy of pharmacological therapy in treatment of nephropathy 
Population Mixed diabetes population 
Intervention ACE inhibitor perindopril 
Comparison Long-acting dihydropyridine calcium channel blocker nitrendipine  

Both once daily. 
Outcome Urinary albumin excretion rate, creatinine clearance and isotopic clearance measurements 
Characteristics Sex (M/F): perindopril: 17/6, nitrendipine: 14/9; Aged (years): perindopril: 53.3±8.2 nitrendipine: 50.9+11.0;  

IDDM: perindopril: n=10 nitrendipine: n=12; Diabetes duration (years): perindopril: 15.8±9.6 nitrendipine: 16.7±10.4 
Peripheral vascular disease: perindopril: n=6 nitrendipine: n=4 

Results  20 patients in the perindopril group (10 IDDM and 10 NIDDM) and 16 nitrendipine treated patients (6 IDDM and 10 
NIDDM) completed the study at 12 months. 
The study was halted in 10 patients due to: adverse evens (oedema, n=2; facial flush and upper respiratory tract infection 
n=1—all nitrendipine), unable to return for follow-up examinations (1 perindopril, 2 nitrendipine), no desire to continue (1 
perindopril, 1 nitrendipine) and poorly controlled BP (1 perindopril, 1 nitrendipine). 
No statistically significant differences were seen in demographic characteristics or renal function parameters were seen 
between the two groups, despite a slight trend towards higher albumin excretion in the perindopril group. GFR and renal 
plasma flow were also compatible between the two groups. 
Blood pressure 
Blood pressure dropped significantly throughout the study in both groups. No significant difference was seen between the two 
groups. 
Baseline: perindopril SBP = 159.1±12.2, DBP = 94.8±7.5; nitrendipine: SBP = 161.1±15.7, DBP = 96.0±6.8 
12 months: perindopril: SBP = 141.3±13.3, DBP = 83.5±7.1; nitrendipine: SBP = 138.7±14.9, DBP = 80.7±11.8 
(time effect p less than0.001) 
More patients required an increase in dose in the perindopril group and also additional treatment with indapamide than in the 
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nitrendipine group. 
Glycaemic control 
No significant differences were seen before and after treatment or between the groups in glycaemic control (good control was 
maintained throughout the study) 
Albumin excretion rate 
UAE rate was slightly higher in the perindopril group at study outset and decreased over time to 72% of baseline.  
nitrendipine treated patients showed an 8% increase in UAE rate throughout the study. 
Neither of these changes were statistically significant. 
Renal function 
Creatinine clearance increased on perindopril by and average of 10.0 ml/min and decreased by 9.8 ml/min in the nitrendipine 
group. 
This difference was statistically significant (p less than0.05). 
However, this result was not maintained in changes in GFR which showed no significant changes throughout the study in 
either groups, or between groups. Renal plasma flow was also relatively unchanged throughout the study.  
Filtration fraction decreased slightly but significantly (p=0.045) following ACE inhibition, although authors state this was as 
expected.  
Hormones 
There were no statistically significant difference observed for catecholamines and ANP during the study or between the 
treatment groups.  
Renin concentrations increased during the course of the study in the perindopril, resulting in a statistically significant 
difference between the two groups at study end (p less than0.05). However, the authors state that this observation was also as 
expected.  
Results in IDDM and NIDDM 
Analysing the results separately, the benefit of perindopril on creatinine clearance was more pronounced in people with IDDM 
and the difference between perindopril and nitrendipine treatment remained significant, although this was not true for NIDDM 
patients.  
All other results were the same in these subgroups as described by the entire population 

Hierarchy of Evidence Grading Ib 

Comments Optional open combination treatment with indapamide 2.5 once daily was given when needed. 
Blood pressure readings were taken by sphygmomanomtery. Albuminuria determined by laser nephelometry Creatinine, 
creatinine clearance, HbA1a-c, blood glucose, electrolytes, liver function tests, uric acid, lipid profiles, plasma catecholamines 
and complete blood counts were also determined. GFR estimated by 99mTv-DTPA clearance and renal plasma flow by 131I-
Hippuran clearance. 
Patients received placebo for 30 days in a single-blind fashion. 
Patients randomised to double blind treatment 
Follow-up examinations at 1, 2, 3, 6, 9 and 12 months. 
Additional checks were scheduled as needed. 
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If BP failed to drop below 140/90 mmHg initial dose was doubled to 8 or 40 mg respectively. 
If this additional dose failed, open treatment with indapamide 2.5 mg was added. 
If this treatment failed, patients were withdrawn from the study if control was not achieved within 1 month time. 
Patients were also withdrawn if compliance failed, or if any major adverse event occurred. 
Patients received detailed instructions from one of the investigating physicians on how to collect urine correctly. 
Evaluation was conducted on both an intention to treat basis and per-protocol population.  
Results for this population were essentially the same, so intention to treat results are recorded, except where specified. 
No details of randomisation concealment or how double blinding was ensured.  
Power analysis calculated that population of 56 would be able to detect a difference of 77.5% SD with a power of 80% at a 
level of significance of p less than0.05. 
Due to the exclusion of 3 patients in each group, the final study only had the power to detect a difference over 83.4%. 
Superiority was not shown for either drug. 
Exclusion criteria very strict, creating an almost homogenous group of mild-to-moderate hypertensive, microalbuminuric 
people on insulin treatment. 
Patients diet is not monitored throughout the study—creatinine clearance is especially vulnerable to changes in diet (mainly 
vegetarian to animal and vice versa). Also to metabolic changes, which people with diabetes may be especially susceptible to. 
Changes in UAE rate are more likely to go undetected and are often not reported in small, short follow up trials, compared to 
longer-term larger studies which demonstrate significant effects. 
Cannot rule out any additional effects in the perindopril group being due to combination therapy as 9/20 (per-protocol 
population) patients required additional treatment with indapamide. 
Even though differences in efficacy were not seen, nitrendipine had more safety issues than perindopril. 

Reference / Citation  237 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Waugh NR, Robertson AM, 2002 Protein Restriction for Diabetic Renal Disease (Cochrane Review). In: The Cochrane 
Library, Issue 4, 2002. Oxford 

N= 4 RCTs, 1 Before and after trial 
Research Design Systematic review 
Aim An appraisal of the role of diet in controlling renal disease 
Population People with Type 1 and Type 2 diabetes at the onset of end stage 
Intervention All types of protein restricted diets 
Comparison Normal diet 

Outcome GFR and plasma creatinine 
Characteristics Age: 22–57 (only recorded in 2 studies); Sex: not recorded 
Results  Results from included studies 

Author Year No. Design Duration of trial Usual 
protein 
diet 
(g/kg/day) 

Low 
Protein 
diet 
(g/kg/day) 

Change in 
GFR 
(ml/min) 
on UPD 

Change 
in GFR 
(ml/min) 
on LPD 

Barsotti 1988 8 B/A 11 months greater 
than 1.2 0.3 -1.38 -0.03 

Ciavarella 1987 7 RCT 4.5 months 1.5 0.7 -0.9 +3.3 
Dullaart 1993 14 RCT 2 years 1.1 0.8 -0.75 -0.4 
Raal 1994 11 RCT 6 months 1.6 0.8 -1.3 +0.5 

Zeller 1991 20 RCT greater than 12 
months 

greater 
than 1 0.6 -0.8 -0.3 

   ��  MEAN 1.3 0.72 -1.0 -0.3 
 
Possible bias within trials:  

Barsotti et al 1988  
Population IDDM with overt diabetic nephropathy and mild or severe renal insufficiency 
Outcome fall in creatinine clearance: UPD: –1.48 ml/min; LPD: –0.13 ml/min. There was no 
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difference in BP 
Comments  compliance not mentioned, antihyptertensive therapy used if needed,  possible selection 

bias, 4/8 patients progressed to dialysis after 11–29 months, twice due to compliance 
problems 

Ciavarella et al 1987  
Population IDDM with proteinuria (����J����K���FUHDWLQLQH�OHVV�WKDQ����PJ�GO����SDWLHQWV�

randomised to diet, 9 controls 
Outcome Creatinine clearance: UPD: –0.9 ml/min/month; LPD: +3.3 ml/min/month. AER: UPD 

434–���� J�PLQ��/3'����–���� J�PL 
Comments  compliance assessed by dietary interview and urinary urea nitrogen—but no data given, 

no information on number with follow-up ������PRQWKV��QR�UDQGRPLVDWLRQ�PHWKRG�
reported 

Dullaart et al 1993  
Population IDDM with microalbuminuria (10–���� J�PLQ�RYHUQLJKW� 
Outcome GFR: UPD: 122–112 ml/min; LPD: 131–113ml/min and AER: UPD: 31–��� J�PLQ��

LPD: 36–��� J�PLQ 
Comments  compliance assessed by dietary history and 24 h urea nitrogen excretion, 7/14 

participants completed trial,  selection criteria not specified, 1 patient dropped-out, 
patients randomised using sealed envelopes 

Raal et al 1994  
Population IDDM with documented proteinuria for ����\HDUV 
Outcome GFR was measured by Cr EDTA. 

UPD GFR 66 - 58 ml/min; LPD mean GFR 50 - 53ml/min 
Proteinuria 
UPD 1.9 - 2.2g/24hr; LPD 2.1 - 1.1g/24hr  

Comments  Compliance assessed by dietary history carried out by a dietitian and by measurement of 
24 hour urinary urea nitrogen excretion 
18/22 patients treated for hypertension at recruitment. 
13 on ACE inhibitors. Antihypertensive medication was not altered during the study. 

Zeller et al 1991  
Population IDDM with proteinuria greater than500mg/24 h, and diabetic retinopathy. 
Outcome GFR decline in Creatinine Clearance: UPD: 0.014/month; LPD: 0.005/month for GFR by 

iothalamate declined UPD: 0.018 LPD: 0.004  
Urinary protein: UPD: + 928/24h; LPD:  –760/24h 

Comments  Not analysed by intention to treat. Compliance assessed by urinary urea and dietary 
history.  
BP analysed as confounder 
35/47 patients complied. 12 lost to analysis. Non-compliers excluded at start 
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Implications for practice 
A lower protein intake slows the progression of diabetic nephropathy toward renal failure. However, the level of protein 
restriction that is most effective in achieving this decline has yet to be established. 
The optimum level of protein restriction in practice would probably be a compromise between efficacy and compliance.  
The BDA recommend that 15–20% of energy intake is from a protein source. A pragmatic approach would be to reduce high 
protein intake to perhaps a maximum of 1g/kg/day, or to 0.8 g/kg/day in patients likely to comply.  
Implications for research 
Despite the persuasive evidence from the existing studies, further longer-term research on large representative groups of 
patients with IDDM is necessary. 
Any future research should include measurement of compliance. 
Additional information 
Compliance is clearly very important. 
Other results have shown that actual protein intake as indicated by urinary nitrogen output was higher than prescribed. In the 
MDRD study group. The lower the prescribed level, the greater the excess taken. Intake indicated by urinary nitrogen 
excretion was higher than indicated by dietary history. 
Cianciaruso et al 1989 added that “adherence may be difficult, time consuming and unpleasant for the patients”, the use for 
special low protein foods, the high cost, the time for separate cooking of meals, palatability and changes in lifestyle were all 
issues raised in this study 

Hierarchy of Evidence Grading Ia 

Comments Criteria for considering studies for review outlined in detail. 
Considerations in assessing quality and relevance of included studies:  
meaning of protein restriction (whether defined as g/day or g/kg/day and whether Kg is ideal or actual body weight) 
What other dietary changes also occur (phosphate intake, shift from animal to vegetable protein) 
Whether non-dietary changes also occur (i.e. increased attention to blood pressure control) 
Compliance with diet and any methods for monitoring that 
Definition of renal disease 
Measurement of the effect of diet (via creatinine or onset of ESRF). Creatinine and creatinine clearance are less accurate as 
measures of renal function than glomerular filtration rate based on iothalamate clearance. 
Length of follow up 
Study design-numbers, power, representativeness, analysis 
Data bases searched: Medline (1976–1999), Embase (1974–1966)  
Search terms: diabetes mellitus, diabetic nephropathy, dietary proteins, diet, protein restricted and uraemia.  
Handsearched recent issues of Diabetic Medicine, Diabetologia, diabetes care, Kidney International, Nephrology Dialysis and 
Transplantation. 
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Reference lists of papers checked.  
Reason for exclusion of studies: results for subjects with diabetes not given separately, length of follow-up to short (less than4 
months recommended to allow serum creatinine levels to reach a steady state), insufficient details of diets or results given, 
flawed design or analysis e.g. antihypertensive initiated of increased at the same time as diet was changed.  
Data were extracted for length of follow-up, level of protein restriction, renal function and dietary compliance 
Key papers were independently assessed by two reviewers  
The trials reported only the effect on short-term indicators such as creatinine clearance. No trials were found on the impact of 
protein restriction on outcomes such as the need for dialysis or transplantation. 
The implications of differences in outcome measures could be better discussed.  
Problems associated with protein restriction discussed but not within the context of the included trials.  
Outcomes differ between studies, method of measuring outcomes not always compatible. For this reason there was no meta-
analysis  
Conclusion should be more tentative given level of evidence available.  
Studies are small with a short term follow up. Therefore may be biased in favour of the treatment effect.  
This is confounded by the inclusion of only published studies.  
Most studies were performed on selected volunteers and may not be reproducible in large representative groups.  
Surrogate outcomes of glomerular filtration rate or plasma creatinine used as proxy indicators as trials are not of sufficient 
duration to provide data on the ideal outcomes of renal failure or death.  
Confounders are considered on a trial by trial basis. 
Selection of trials is not rigorous.  
Allocation concealment is graded D for all but one studies (final study awarded B grade)  
Limited to English language papers. 
Limited to published papers, leading to potential bias, as positive results are more likely to be published. 
All studies included involved small numbers of patients (n=7–20). 
All studies assessed renal function by short-term indicators such as glomerular filtration rates rather than long term outcomes 
such as prevention or delay of dialysis. 
Many studies used creatinine clearance, which takes several months to reach equilibrium and is not as good a guideline to 
GFE as testing with radioactive markers such as iothalamate due to the tubular movement of creatinine.  
Mean GFR calculated to give a true mean across all studies, rather than and ‘average of averages’  which would have given 
undue weight to the smaller studies.  
Review not restricted to randomised controlled trials, since given the steady progression of nephropathy it was considered that 
patients could act as their own control sin a before and after analysis.  
Report discussed at draft stage at the Scottish Study Group for the Care of the Young Diabetic. 
Most studies performed on selected volunteers and may not be reproducible in large representative groups. 
Formal meta-analysis was difficult due to the variety of ways in which effects were measured and reported, often without 
sufficient details, of, for example, standard deviations. However, meta-analysis would not overcome the problem of short-term 
follow up. 
Other methodological problems of studies of protein restriction: heterogeneity of aetiologies, use of plasma creatinine as an 
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indicator of renal function, importance of measuring compliance and the need for an adequate duration of follow-up. 
Authors state that The effects seen in present studies are more statistically than clinically significant. 

Trials included  Barsotti et al 1988, Ciavarella et al 1987, Dullaart et al 1993, Zeller et al 1991; Raal et al 1994 
Reference / Citation  238 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Zarazaga A, Garcia-de-loernzo L, Garcia-Luna PP, Garcia Peris P, Lopez-Martinez J, Lorenzo V, Quecedo L, Del Llano J 
2001 Nutritional support in chronic renal failure. Clinical nutrition 20:291–299 

N= 18 RCTs, prospective, non-randomised, concurrent or non concurrent studies and cohort studies (study design not attributed to 
each study) 
1 Systematic review 

Research Design Systematic review 
Aim An appraisal of the role of diet in controlling renal disease 
Population Type 1 diabetes 
Intervention Administration of nutritional support with amino acid or ketoacid supplements, with or without restriction of protein intake.  

Low-protein diet. 
1 study intervention = protein overload 

Comparison Normal protein diet (control) 
2 studies uncontrolled,  

Outcome GFR, creatinine clearance. 
Characteristics chronic renal failure in dialysis or pre-dialysis state (age 2–26 years) 
Results  Effect on progression of renal function 

Studies agree on the benefit of protein restriction on the course of nephropathy in IDDM. 
Two poor quality studies showed that protein restricted diets reduced nocturnal microalbuminuria and delayed onset of 
nephropathy (however one study was of 12 months duration, the other of 2 weeks duration) 
Eight studies showed delayed progression of nephropathy (follow up 20 days to 39 months) 
Three longer-term studies (all greater than 6 month follow up) demonstrated that this effect was notably greater in 
hyperfiltrating patients. 
 
The appropriate level of protein restriction and length of nutritional support remains to be clarified. All studies recommend 
protein intake less than 0.8–1 g/kg/ day 
Poor compliance can result in masking of results.  
 
Effect on nutritional status 
One poor quality study and one Cochrane review containing five studies confirmed good metabolic tolerance to protein 
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restriction and reduction in hyperglycaemia.  
These two studies, and two further studies (one very poor quality and one RCT) confirmed that anthropometric parameters 
(weight, midarm circumference and triceps skinfold) were preserved. 
Four studies—two poor quality, two better quality RCTs—reported no change or a slight improvement in albumin, 
triglyceride and cholesterol levels throughout the study period. 
Eight studies of varying quality (on level V, two level IV, three III, one II and one Cochrane review) confirmed the beneficial 
effect of low protein diets in lowering urinary losses of albumin and IgG. 

Hierarchy of Evidence Grading Ia 

Comments Studies excluded if patients enrolled had one of the following: systemic immune diseases, urinary tract infections, 
cardiovascular or respiratory diseases  
Studies included had to include data collected on various renal function parameters, anthropometrical and nutritional 
measurements, degree of compliance with the diet and measures of quality of life or patient satisfaction. 
Study design inclusions: RCTs, prospective, non-randomised, concurrent or non-concurrent studies and cohort studies.  
Study design exclusions: case-controlled studies, clinical series, descriptive studies, expert committee reports and single cases. 
Searched: Medline, Embase, Healthstar and Cochrane Library (1989–1999). Government agencies of health technology 
assessment (CCOTHA & HTA) 
Search terms: nutritional support, kidney failure chronic, diabetic nephropathies, quality of life (MESH), diet, nutrition, 
protein restriction, renal failure, kidney failure (free text)  
Two independent reviewers selected the studies to be included by assessing the level of quality.  
All differences resolved by discussion.  
Articles classified according to a grading scale for level of evidence to establish a hierarchy (validated) based on scientific 
rigour of the study design.  
Studies have different follow-up durations, different outcomes (although most studies include some measure of GFR or 
creatinine clearance rate) and different aims. 
Studies have different conclusions. Quality assessment of studies is evaluated, however studies are not excluded on due to 
quality  
Recommendations made on evidence available and classified according to the conclusiveness enabled by the grading of 
evidence on which they are based. 
12 studies included in this review were excluded from the Cochrane review (Waugh et al), due to insufficient duration of 
follow-up, or changes in antihypertensive therapy throughout the trial, insufficient randomisation or lack of comparison 
period. 
Inclusion criteria of trials not addressed, demographic characteristics of participants not detailed.  
Dietary protein restriction induces a faster initial and slower subsequent decline in the GFR and therefore may confound the 
interpretation of clinical trials with a follow-up of less than2–3 years. 

Reference / Citation  239 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Hansen HP, Tauber-Lassen Ellis, Jensen BR, Parving HH 2002 Effect of dietary protein restriction on prognosis in patients 
with diabetic nephropathy. Kidney International 62:220–228 

N= N=81 
Denmark 

Research Design Randomised controlled trial  
Aim A trial of protein restriction in diabetes and renal failure 
Population Type 1 diabetes 
Intervention iso-caloric low-protein diet (0.6 g/kg/day) 
Comparison Usual-protein diet (patients pre-study diet) 

Outcome Decline in GFR and development of end stage renal disease (ESRD) or death and compliance (Dietary protein intake was 
estimated on the basis of three consecutive 24-hour urine sample completed before each visit, using urinary excretion of urea 
nitrogen) 

Characteristics Sex (M/F): UPD: 23/18  LPD: 30/11, Age (years): UPD: 41, LPD: 40, Duration of diabetes (years): UPD: 28, LPD: 27 
Dietary protein intake (g/kg/24h) (SD): UPD: 1.04 (0.25), LPD: 0.97 (0.26) 
Albuminuria (mh/24h): UPD: 737, LPD: 681 

Results  Study population  
None of the demographic characteristics differed significantly between diet groups.  
A slightly lower baseline dietary protein intake was seen in the LPD group. 
There were no significant differences in medication (antihypertensive and lipid lowering) between the two groups at baseline 
or follow-up.  
133 patients eligible 
27 refused to participate, 4 met exclusion criteria; 82 patients randomised: 41 allocated to each diet; 
41 analysed for cumulative incidence of ESRD or death in both groups; LPD: 3 patients with less than 1year follow up: 1 died, 
2 failed visits 
UPD: 7 patients with ���\HDU�IROORZ�XS����UHDFKHG�(65'����GLHG����ZLWKGUHZ�GXH�WR�LQWHUFXUUHQW�LOOQHVV 
38 LPD and 34 UPD patients analysed for rate of decline in GFR 
 
Dietary protein intake and nutritional status 
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During the first three months: 
Decline in the dietary protein intake for UPD = 0.06 g/kg/day (p=0.24), compared with 0.15 g/kg/day (p =0.01) in the LPD 
group. 
The difference between the groups was not significant at this stage (p=0.22) 
Following the initial three months: 
Dietary intake in UPD = 1.02 (0.95–1.10) g/kg/day, vs. 0.89 (0.83–0.95) g/kg/day in the LPD group (p = 0.005) 
 
Anthropometric parameters did not differ at baseline or throughout the study.  
 
Dialysis, transplantation and death 
At study end, 6 patients required dialysis and 9 patients died, causes: heart failure (n=4), MI (n=5) 
Dialysis, transplantation or death occurred in 27% (n=11) of UPD patients and 10% (n=4) LPD patients 
Relative Risk of ESRD or death = 0.23 (0.07–0.72, p=0.01) for those assigned to the LPD vs. UPD, following adjustment for 
presence at baseline of CVD 
 
Renal function 
Baseline proteinuria and mean blood pressure during follow-up were higher in the UPD group (4.3 g/day and 105.5 mmHg 
respectively) compared to the LPD group (3.1 g/day and 102.3 mmHg), which may have contributed to the accelerated decline 
in GFR in the control group. 
Rate of decline in GFR: 
At baseline for the whole group = 7.1 (CI: 5.8–8.5) ml/min/year 
After 6 months follow-up a significant decline in GFR was seen in the two groups: 
UPD = 4.4 ml/min (p less than0.01); LPD = 4.4 ml/min (p less than0.01)  
The decline was comparable between the groups (p=0.87) 
Rate of decline slowed significantly in both groups during the four years follow-up, on average: UPD =  3.9 ml/min; LPD = 
3.8 ml/min 
The average improvement of the rate of decline in GFR was comparable between the two diet regimens: UPD = 2.47 (1.1 to 
4.3) ml/min/year, LPD = 3.7 (1.6 to 5.9) ml/min/year (p=0.04) 
Urinary albumin excretion rate was unchanged throughout the study. 
Geometric mean of albuminuria was comparable between diet groups during the study. 
 
Glycaemic control, blood pressure, serum lipids and urea 
BP was significantly reduced in both groups compared to pre-study levels.  
HbA1c was significantly reduced in the LPD group (p less than0.05) 
However, HbA1c and BP were comparable between the groups during follow-up. 
Serum cholesterol , HDL cholesterol, triglycerides and serum urea were comparable in the UPD and LPD groups during the 
follow up. 
Medication and smoking 
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At baseline and during follow up a comparable number of patients in both groups received antihypertensive treatment, and 
lipid lowering agents, and the number of smokers were comparable between the groups.  
Number of smokers was reduced from 19 to 13 and from 18 to 14 in the UPD and LPD groups, respectively. 
Regression analysis 
For all patients with cardiovascular risk at baseline relative risk of ESRD or death were 14.2 (4.4–45.6, p less than0.0001). 
Excluding age and sex from the model, univariate regression analyses revealed significant or borderline significant 
associations between the rate of decline in GFR and mean values during follow-up of blood pressure (p less than0.001). 
albuminuria (p less than0.001) HbA1c (p less than0.02), serum cholesterol (p less than0.04) and dietary protein intake 
(p=007).  
Multiple linear regression analysis showed that an increase in mean blood pressure (of 10 mmHg), HbA1c (of 1%) and 
albuminuria (10-fold) were associated with a significant worsening in the rate of decline in GFR of 1.2 (0.2–2.3), .071 (0.08–
1.35) and 1.94 (0.4–3.48) ml/min/year, respectively. 

Hierarchy of Evidence Grading Ib 

Comments Block randomisation: Patients in blocks of two according to the level of GFR (�����JUHDWHU�WKDQ���WR������JUHDWHU�WKDQ���WR�
������JUHDWHU�WKDQ����PO�PLQ������P2) 
Authors state that concealed randomisation took place, but do not detail what method of concealment was used  
The same dietician gave nutritional advice based on estimated protein intake, ��HYHU\�WKUHH�PRQWKV�GXULQJ�WKH�ZKROH�VWXG\�
period.  
All patients in the low-protein diet group received supplementation of calcium (500 mg/day)  
At randomisation and every three months all patients gave a complete history of medication, were examined for weight, 
urinary albumin, sodium and urea excretion, serum albumin, serum urea, Hb, HbA1c, BP, serum total cholesterol and HDL 
cholesterol. 
GFR, serum triglycerides, calcium and phosphorous, anthropometric measurements, nutritional status and smoking evaluated 
every 6 months. 
GFR measured pre-randomisation by plasma clearance of 51Cr-EDTA (n=58) or using the formula of Cockroft and Gault 
(UPD n=11; LPD n=13) 
During the study GFR was measured on the basis of the plasma clearance of an intravenous injection of 51CR-EDTA over a 4-
hour period. 
Results were standardised for 1.73m2 body surface are, using the same surface for each patients during the study.  
Flow chart provided for patients progress through study. 
Follow-up was minimum 1 year with ����PHDVXUHPHQWV�RI�*)5�IRU�SDWLHQW�WR�EH�LQFOXGHG�LQ�WKH�DQDO\VLV�� 
Slopes for GFR were calculated on the basis of the baseline GFR and all follow-up values.  
Patients developing uraemic symptoms were referred to the department of nephrology when GFR deteriorated below 10–20 
ml/min/1.73 m2, where dialysis or transplantation was initiated. These patients continued their scheduled visits and treatment 
in the study until the end of four-year follow-up. 
An independent observer without knowledge of randomisation reviews all death certificates and the 1º cause of death.  
unmasked study 
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Coronary heart disease diagnosed by electrocardiogram was recorded and subsequently coded using a validated rating scale 
independently by two trained observers, who were masked to the clinical status of the patients 
All patients recruited at the Steno Diabetes Centre between May 1995 and April 1996, and seen by the same physician  
Single site study 
Authors used intention-to-treat analysis, and related the rates of decline in glomerular filtration, and the cumulative incidence 
of ESRD or death to the prescribed diet group 
The control of blood pressure, rather than dietary protein restriction appears to be of major importance for the preservation of 
GFR during follow-up.  
Linear regression analysis used to estimate rate of decline in GFR for each patient before and during the study. 
Multiple regression analysis performed with rate of decline in GFR as the dependent variable and backward selection 
including variables (dietary protein intake, mean arterial blood pressure, HbA1c, albuminuria and total cholesterol) with p less 
than0.1 in a univariate analysis.  
Prospective power analysis: 34 patients are necessary in each diet group to detect a difference in the rate of decline in GFR of 
����PO�PLQ�\HDU�EHWZHHQ�WKH�WZR�JURXSV�� � ������� � ������ 
Statistical analyses were by intention to treat, regardless of achieved dietary protein intake, thus a lack of adherence to the 
prescribed low-protein diet by some patients would result in an underestimation of the true beneficial effect. 
Compliance to LPD in people with diabetes may be reduced due to the other restrictions on their diets. 
Patients were simultaneously treated with antihypertensive agents including ACE inhibitors. This may have blunted the 
additive beneficial effect of dietary protein restriction on the decline in GFR and albuminuria. 
Valid determination of the rate of decline in GFR in patients with chronic renal disease requires a reliable method for 
determination of GFR, repeated measurements of the GFR and follow-up for at least 2 years. All patients in this study fulfilled 
these criteria, except one patient who was followed-up for only 18 months.  
Progressive decline in GFR seen in other studies can in part be explained by the progressive time-dependent reduction in the 
rate of decline in GFR observed during antihypertensive treatment.. 

Reference / Citation  240 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Meloni C, Morosetti M,. Suraci C, Pennafina MG, Tozzo C, Taccone-Gallucci M, Casciani CU 2002 Severe dietary protein 
restriction in overt diabetic nephropathy: benefits or risks? Journal of Renal Nutrition 12:96–101 

N= N=69 
Italy 

Research Design Randomised controlled trial  
Aim A trial of protein restriction in diabetes and renal failure 
Population Mixed diabetes population 
Intervention Low-protein diet (0.6 g/kg/day) (standardised in renal function trials) 
Comparison Free-protein diet 

Outcome Renal function measured by decline in GFR; malnutrition measured by body weight and obesity index. 
Characteristics Low protein diet group: 35 patients 

Sex(M/F): 21/14; Age (years): 52.7±15.3 (range: 38–71);  
Free-protein diet group: 34 patients 
Sex(M/F): 17/17; Age (years): 56.3±16.0 (range: 35–73); IDDM = 17 

Results  Normal BP was maintained in all patients throughout the study.  
Similar control of fasting glycaemia and HbA1c was seen in both groups during follow-up. 
Dietary intake 
protein intake was significantly different between the two diet groups throughout the study (p less than0.01) 
FPD = 1.39±0.28 g/kg/day ; LPD = 0.68±0.21 g/kg/day  
Phosphate intake also differed between the groups (p less than0.005) 
FPD = 1244±186 mg/day; LPD = 705 ±144 mg/day 
Energy intake differed significantly between two groups (p less than0.05): 
FPD = 2217±304 Kcal; LPD: = 1823±239 Kcal 
Renal function 
No statistical difference were seen in renal function between the two diet groups: 
GFR at study outset did not significantly differ between the groups: 
FPD = 44.0±6.1 ml/min/1.73m2 ; LPD = 45.6±5.4 ml/min/1.73m2 
Average decline of GFR during study = 6.2±1.57 ml/min/1.73m2 
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FPD = 6.26±1.84 ml/min/1.73m2 

LPD = 6.15±1.61 ml/min/1.73m2 
No significant difference was seen between patients with type 1 and type 2 diabetes: 
LPD: Type 1 diabetes = 6.14±1.80 ml/min/1.73m2, Type 2 diabetes = 6.17±1.51 ml/min/1.73m2 
FPD: Type 1 diabetes = 6.25±1.78 ml/min/1.73m2, Type 2 diabetes = 6.27±1.85 ml/min/1.73m2 
Malnutrition 
Mean body weight and obesity index were significantly reduced following the LPD at the end of the study (p less than0.01 
and p less than0.01, respectively): 
Body weight: 63.4±8.8 vs. 60.8±7.3 kg; Obesity index: 15.5±0.8 vs. 10.3±1.6 kg 
Body weight and obesity index were unchanged throughout the 12 month follow-up in the FDP group. 

Hierarchy of Evidence Grading Ib 

Comments Follow-up: 12 months 
Aim: to evaluate if restricting protein delays progression of chronic renal failure caused by overt diabetic nephropathy and 
whether it induces malnutrition  
Paper states that diet was randomly prescribed. No details of randomisation procedure used. 
Concealment of randomisation and blinding is not addressed 
All patients were treated for hypertension with ACE inhibitors and Ca blockers and included in the study after obtaining a 
blood pressure in the normal range for ����PRQWKV� 
BP control was monitored throughout the study.  
All patients received dietary instruction from experienced dieticians at study outset and ‘regular’  home visits.  
All participants recruited in the study were included in the analysis in the groups to which they were randomised.  
Single site study. 
Before starting the study, protein intake was free in all patients, and none had clinical or biochemical signs of malnutrition.  
Compliance: Intake of protein, calories, and other nutrients was assessed monthly by means of a validated diet questionnaire 
filled in for 3 non-consecutive days/month.  
Dietician staff explained diet questionnaire accurately to patients and gave optimal self-management nutritional education. 
Dietician staff also regularly controlled diet adherence at the patient’ s home during the study period. 
Protein content of each food calculated using nutritional tables.  
Protein intake also estimated from urinary urea excretion at baseline, after 6 months and at study end.  
Results from questionnaires and urea excretion were comparable and statistical analysis was based on data from diet 
questionnaires as these were taken monthly. 
Not known if patients were treated equally apart from intervention under investigation. 
Age range includes older people in the trial, introducing the possibility that other complications and intercurrent illnesses were 
present. 
No data on regularity of dietician home visits. If on ad hoc basis then could be biased in favour of those on LPD/with 
particularly high GFR. 
Blood samples were taken at study entry and repeated monthly. 
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Urine samples self-collected monthly, 24 h before blood sample collection.  
Data are not influenced by the type of diabetes, entity of proteinuria or the clinical control of hypertension and glycaemia. 
Malnutrition may be explained associated with derangements in protein metabolism induced by diabetes. 
Investigators using different protein restricted diet in diabetic patients found different diets.  
Author conclusion: data does not seem to weigh positively on the progression of renal disease 

Reference / Citation  241 
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Q 51 What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Rossing R, Hansen B, Nielsen F, Myrup B, Holmer G, Parving HH 1996 Fish oil in diabetic nephropathy. Diabetes care 
19:1214–1219 

N= N=36 
USA 

Research Design Randomised controlled trial  
Aim A study of the effects of fish oil supplementation in diabetes and nephropathy 
Population Type 1 diabetes 
Intervention Dietary supplementation with 21 ml cod-liver oil 

 
Comparison Dietary supplementation with 21 ml olive oil 

Outcome albuminuria (measured by UAE) and kidney function (measured using GFR) 
Characteristics Sex (M/F): Fish oil 9/5, Olive oil 10/5; Age (years): Fish oil 32±7, Olive oil 34±10; Duration of diabetes (years): Fish oil 

20±4, Olive oil 40±6 
BMI (kg/m2): Fish oil 24.5±3.8, Olive oil 23.2±2.2; Smokers (%): Fish oil: 50, Olive oil 47%; GFR (ml/min/1.73m²): Fish oil 
116±7, Olive oil 108±6 
Fractional albumin clearance (x10–6)(geometric mean x/� antilog SE): Fish oil: 217 x/�1.2, Olive oil 134x/�1.4 

Results  Drop outs 
36 Patients randomised. 7 dropped out during the intervention period: 4 due to nausea (3 in Fish-oil group). In the placebo 
group 1 patient became pregnant, and 1 developed glomerulonephritis, in the fish oil group 1 patients developed breast cancer.  
Of the drop outs: 4 withdrew before any measurements were taken, two in the fish oil group registered results after 3 months 
only and 1 up until 6 months. The latter three were included in the analysis on an intention to treat basis. 
Overall 29 patients (14 fish oil and 15 placebo oil) completed the study. 
The two groups were comparable regarding age, sex, duration of diabetes, retinopathy status, smoking habits, insulin dosage 
and albuminuria, arterial blood pressures and GFR.  
Good compliance (evaluated by determination of n-3 fatty acids in the platelets) with supplementation was seen throughout 
the study  
Albuminuria 
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Albuminuria and fractional albumin clearance were increased in both groups during the study period. 
Changes were only significant in the fish oil group after 12 months.  
Increase in albuminuria after 12 months: Fish oil 22% (95% CI: 1–46), Olive oil 15% (95% CI: –11–49) 
Change in fish oil group was 1.05 (CI: 0.78–1.43) times that in the olive oil group (non-significant) 
Intention to treat analysis including all patients having measurements performed on treatment revealed the same results. 
Increase in fractional albumin clearance after 12 months: 
Fish oil 33% (CI: –10–95%), Olive oil (–12–71%) (non-significant) 
There were no changes within or between the groups in 24h excretion or fractional clearance of IgG or IgG4  
Urinary excretion of retinal binding protein was significantly increased in both groups after 12 months. 
Glomerular filtration rate 
Rate of decline of glomerular filtration rate:  
Fish oil 10.6±9.7 ml/min/year vs. Olive oil 4.5±9.7 ml/min/year (p=0.1) 
Mean difference between the two groups = 6.1 (95%CI: –1.4–13.5) ml/min/year. 
Rate of decline of creatinine clearance rate:  
Fish oil 0.8±8.7ml/min/year, Olive oil 14.7±8.0 ml/min/year (non-significant) 
Serum creatinine rose significantly in both groups IURP������YV������� PRO�O�DW�EDVHOLQH�WR������YV������� PRO�O�DIWHU����
months in the fish oil and olive oil groups, respectively (p less than0.05 compared to baseline)  
 
There were no significant changes in 24 h ambulatory blood pressure in either groups during the study.  
Protein intake was stable in the two groups at an average of 1.07±0.1 and 1.10±0.07 g/kg/day in fish and olive oil groups 
respectively.  
Plasma triglycerides and VLDL cholesterol decreased significantly at 6 and 12 months and total cholesterol and LDL 
cholesterol increased significantly at 6 months in the fish oil group.  
Mean body weight increased slightly in all patients from 71.2±2.1 at baseline to 72.3±2.1 kg at 12 months, probably due to 
lack of compliance with dietary calorie reduction. 
In each treatment group univariate linear regression between change in albuminuria and mean values of GFR, ambulatory BP, 
HbA1c, total cholesterol, triglycerides and increase in platelet eicosapentaenoic acid revealed no significant association. 
A significant correlation was found between rate of decline in GFR and plasma total cholesterol was identified in both groups: 
r²=0.24, p=0.04 and r²=0.31, p=0.02 in the fish oil and control groups respectively.  
Side effects 
No significant side effects were observed in patients completing the study.  
17% of participants in the fish oil group withdrew due to nausea. This could be avoided in future by use of encapsulated cod-
liver oil. 

Hierarchy of Evidence Grading Ib 
Comments Follow-up: 1 year 

4 week run in period where all patients received 21 ml olive oil. 
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Vitamin C and E added to both oil preparations as antioxidants  
GFR measured with 51Cr-EDTA, standardised for 1.73m2 body surface area, using the patient’ s surface area at the start of the 
study.  
Abuminuria, IgG and IgG4 were determined during the 4 h clearance period by immunoassay methods. 
Fractional clearances were calculated to adjust albuminuria for changes in plasma albumin concentration and glomerular 
filtration rate.  
24 ambulatory BP recorded the day before the clinical investigation. 
All patients collected four 24 h urine specimens at baseline and after 3, 6, 9 and 12 months. 
Protein intake calculated from urinary urea nitrogen excretion.  
Blood glucose measured every 2 h during the clearance period and at each clinic visit.  
All patients for which at least one measurement taken during the intervention period was available were included in the 
analysis on an intention to treat basis  
Cod-liver oil emulsion contained: 2.0 g eicosapentaenoic acid and 2.6 g docosahexaenoic acid/day. Not present in olive oil. 
Authors state concealed randomisation to either group in blocks of 4 according to their GFR  
Authors state concealed randomisation employed, but no details given of method used 
No details of blinding.  
Fish oil has been found to have antihypertensive effects in hypertensive, but not normotensive, nondiabetic patients with renal 
disease. No such effects on blood pressure were seen here, so the transient effect on albuminuria seen at 3 months was not due 
to changes in 24 h ambulatory BP. 
Power analysis states 34 participants are required for a power of 80%. Only 29 patients completed this study, although 
additional intention to treat analysis is performed on a total of 32 patients.  
Study has a small sample population, therefore clinical significance is difficult to define even if statistical significance is 
inferred.  
No blinding. Cod-liver oil has a distinctive taste so patients would easily be able to deduce which treatment they were 
receiving, especially following a run-in period with olive oil. This may lead to changes in behaviour that may result in 
changes in outcome measures over a 12-month period.  
P������ZDV�FRQVLGHUHG�VLJQLILFDQW 
All calculations were make with Statgraphics  
All patients were taking insulin.  
Except for one patient taking levothyroxine, none of the patients were taking other drugs. 
All patients were asked to reduce the calorie intake of their usual diabetic diet by ~800 kj, corresponding to the energy in the 
dietary oil supplement. 
Usual diet contained: 45–55% carbohydrate, 30–35% fat, 15–20% protein, without sodium or protein restriction.  
Investigations were carried out at baseline and after 6 and 12 months of treatment.  
Power analysis revealed that �����SDUWLFLSDQWV�ZHUH�UHTXLUHG�WR�GHWHFW�D�����GLIIHUHQFH�LQ�8$(���º outcome) between patients 
WUHDWHG�ZLWK�ILVK�RLO�DQG�ROLYH�RLO��DVVXPLQJ�D�FRHIILFLHQW�RI�YDULDWLRQ�RI�����IRU�8$(�� � �����WZR�VLGHG��� � ����� 
Data provided are for patients completing the study at 12 months. Further intention to treat analysis performed including those 
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not completing the study who had ���PHDVXUHPHQW�IROORZLQJ�WUHDWPHQW� 
Dose of fish oil chosen due to previously recorded results at this dose reported a beneficial effect on arterial blood pressure, 
kidney function and microvascular albumin extravasation. 
Author conclusion: dietary supplementation with high dose fish oil was unable to arrest the progressive rise in albuminuria, 
preserve kidney function, and reduce arterial blood pressure in normotensive IDDM patients with diabetic nephropathy. 
Results suggest a possible transient (nonsustained) effect of fish oil on albuminuria during the first three months (no raw data 
provided) 

Reference / Citation  242 
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Q 51  What is the appropriate management of early diabetic kidney disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network 2001 Management of Diabetes: A national clinical guideline; Management of 
diabetic nephropathy. pg. 20–23 

N= 31 References (18 relevant to Type 1 diabetes) 
Research Design Systematic review – guidelines 
Aim To recommend treatment for kidney problems in diabetes 
Population Mixed diabetes population 
Intervention Multiple interventions for prevention and management of diabetic nephropathy:  

Glycaemic control, blood pressure control, ACE inhibitor therapy, angiotensin II antagonists and Dietary protein 
Comparison Varied between studies 

Outcome Prevention and management of diabetic nephropathy, measured by urinary albumin excretion rate (AER) and glomerular 
filtration rates  

Characteristics Varied between studies 
Results  Type 1 diabetes evidence statements 

Risk identification and prevention 
Hyperglycaemia 
Raised blood pressure 
Baseline urinary albumin excretion 
Increasing age 
Duration of diabetes 
Presence of retinopathy 
Smoking 
Raised cholesterol and triglyceride levels 
Male sex 
Serum homocysteine levels. 
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Screening 
Measurements of urinary albumin loss and serum creatinine are the best screening tests for diabetic nephropathy1 
The daily variability of urinary albumin loss is up to 40%. First morning samples best reflect a timed collection and provides 
adequate assessment of urinary albumin loss. A normal value in a random sample confirms normoalbuminuria1. 
NICE guidelines recommend that measurement of urinary albumin:creatinine ratio or urinary albumin concentration is usually 
measured with laboratory facilities. Commercial near-patient tests for measurement of low-level albuminuria 
(microalbuminuria) have adequate levels of sensitivity (greater than80%) and specificity (less than90%). 
Management 
Glycaemic control 
Reduction in mean HbA1c from 9.0–7.30% was associated with a 39% and 54% reduction in the occurrence of 
microalbuminuria and proteinuria, respectively over 6.5 years 
Blood pressure control 
In microalbuminuric patients, mean achieved blood pressure on ACE inhibitor therapy of 122/73 and 122/79 mmHg was 
associated with a 30 and 18% reduction in AER at 30 and 24 months respectively 
In patients with proteinuria (established diabetic nephropathy), average blood pressure levels of 130/80 mmHg were 
associated with renal benefit in the context of ACE inhibitor therapy  
ACE inhibitors 
ACE inhibitors are more effective than other agents in reducing urinary albumin loss 
ACE inhibitor therapy for three years was associated with a 50% reduction in a combined end-point death, dialysis and 
transplantation that was independent of blood pressure. 
Meta-analysis has demonstrated an additional benefit on glomerular filtration rate independent of blood pressure change. 
Glycaemic control 
No clear benefit was suggested in the evidence for good glycaemic control in the treatment on microalbuminuria in people 
with type 1 diabetes. 
Dietary protein 
Reduction of dietary protein intake to 0.6–0.8 g/kg/day reduces the rate of GFR loss in people with proteinuria and impaired 
renal function. 
One meta-analysis suggested that the effects of a low protein diet on decline in glomerular filtration rate may be greater in 
people with diabetes than those without diabetes 
Referral 
No evidence exists to advise on the correct time for referral to a renal clinic, however most renal physicians would prefer 
patients to be referred earlier rather than later. 
There is no direct comparative data to demonstrate the effectiveness of combined diabetes/renal clinics over conventional care 
in the management of patients with diabetic nephropathy 
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Type 1 diabetes 
Screening 
D All patients with diabetes should have their urinary albumin concentration and serum creatinine measured at diagnosis and 
at regular intervals, usually annually. 
D Urinary albumin concentration should be measured using a first morning urine sample and the urinary albumin:creatinine 
ratio should be measured by a laboratory method or a near-patient test specific for albumin at low concentration 
D An abnormal result should be confirmed by a further sample without delay. 
Prevention 
A Good glycaemic control (HbA1c around 7%) should be maintained in all patients with diabetes to reduce the risk of 
developing diabetic nephropathy.  
Treatment 
A Blood pressure should be maintained at less than140/80 mmHg in all patients with diabetes 
The majority of patients with diabetes will require more than one antihypertensive agent in order to achieve target blood 
pressures 
A Patients with microalbuminuria or proteinuria should be commenced on an ACE inhibitor. 
In the presence of significant bilateral renal artery stenosis ACE inhibitor therapy is associated with acute renal failure and 
should not be used.  
A Patients with type 1 diabetes, proteinuria and a reduced GFR should reduce dietary protein intake to 0.6–0.8/kg/day 
Patients commenced on reduced dietary protein intake should be frequently and carefully monitored by a registered dietitian to 
ensure an adequate nutritional state.  
Referral 
3DWLHQWV�VKRXOG�EH�UHIHUUHG�WR�D�UHQDO�FOLQLF�LI�VHUXP�FUHDWLQLQH�H[FHHGV����� PRO�O 
 
Type 2 diabetes (for reference) 
Prevention 
A Tight blood pressure control (less than140/80 mmHg) in patients with type 2 diabetes should be maintained to reduce the 
risk of developing diabetic nephropathy.  
Treatment 
A Patients with microalbuminuria or proteinuria should be considered for angiotensin II antagonist therapy. 

Hierarchy of Evidence Grading Ia 

Comments Systematic review of the literature carried out using an explicit search strategy devised by the SIGN information team 
All searches covered systematic reviews, meta-analysis and randomised controlled trials, extended to cover observational 
studies where appropriate. 
All searches covered: Cochrane Library, Embase, Healthstar and Medline. Where appropriate they also covered CINAHL and 
PsychInfo. 
Years searched: 1991–2000 
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All selected papers were evaluated using standard methodological checklists before conclusions were considered as evidence. 
 

Trials included  See original study 
Reference / Citation   
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11 Management of complications: diabetes foot problems 
 

11.1 screening and surveillance of diabetic foot problems 
 

 
Question 53:  In adults with Type 1 diabetes what are the optimum methods for surveillance for diabetic foot problems? 
Question 54:  In adults with Type 1 diabetes, what are the optimum screening tests for diabetic foot problems? 
 

Author / Title / Reference / Yr  NICE. Clinical Guidelines for Type 2 diabetes: prevention and management of foot problems.  1-164. 2003. 
N= 1 Cochrane review 

5RCTs 
Additional observational  studies and reviews 
Location: UK 

Research Design Systematic review 
Aim To examine the prevention and management of foot problems 
Population People diagnosed with type 1 and 2 diabetes in primary and secondary care 
Intervention N/A - various 
Comparison N/A - various 

Outcome A range of outcomes and endpoints are considered including: Diabetes related knowledge, foot care knowledge, reduction of 
development of foot problems, increased self care, mortality, referral and recall. 

Characteristics N/A - various 
Results  Monitoring:  

Evidence statements: 
Evaluation of skin, soft tissue, musculoskeletal, vascular, and neurological condition on an annual basis is important for the 
detection of feet at raised risk of ulceration. (Ib) 
Both vibration perception threshold measurement using a biothesiometer and sensation threshold measurement using a 10 
gram (5.07) monofilament accurately predict neuropathic people at raised risk of ulceration. The use of the 10 gram (5.07) 
monofilament is convenient and easy to use. (III) 
Comparisons of different methods of measuring neuropathy reveal no dominant technique. (III) 
 
Regular contact with professionals is key as many people are unable to perform key adequate monitoring due to poor eyesight 
and reduced mobility, as well as providing the opportunity to reinforce messages of self-care.  
 
Prediction of risk of ulceration: 
One study observed in people categorised as sensate or insensate, with or without deformity or history of disease, that an ulcer 
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was about 5 times as likely to occur in a person with a history of disease in lower extremity or lack of sensation. Sensation 
status testing performed with a 5.07 monofilament at 8 points on the plantar surface, produced sensitivity = 93% and 
specificity = 86%, Likelihood ratios: +ve test = 5.2 (95%CI: 4.0–6.7), –ve test = 0.12 (95%CI: 0.05–0.27) 
Categorisation with biothesiometer according to their vibration perception threshold at enrolment in one study  showed a 
threshold of greater than25V indicated: sensitivity = 83%, specificity = 62%, Likelihood ratios: +ve test = 2.2 (95%CI: 1.8–
2.5); –ve test = 0.27 (95% CI: 0.14–0.48) 
A one year RCT of 1033 people in which treatment was not effective, showed in people with established neuropathy with each 
1 unit increase in VPT at baseline, hazard of first ulcer increased by 5.6%. A unit increase in the muscle and reflex 
components of the Michigan diabetic polyneuropathy (DPN) score increased the hazard of first ulcer by 5.0% 
Additional techniques available for assessing neuropathic deficit including the tactile circumferential discriminator (TCD); the 
graduated tuning forki; thermal discrimination devices and others have not been prospectively evaluated but generally 
compared with other techniques for their ability to detect existing ulcers. 
Two studies found no difference in the ability to detect existing ulcers between biothesiometers and monofilaments. 
One study comparing the reproducibility of screening using a monofilament, biothesiometer and palpitation of pedal pulses 
showed that only the monofilament gave greater than85% reproducible results after 2 weeks.  
The 10g 5.07 monofilament has been shown to be easy to use and cheap when compared to a biothesiometer. 
 
Frequency of inspections 
No direct evidence is available for the optimal content of frequency of visual inspections and examinations. The Foot Care 
Working party concluded that regular surveillance at a minimum of once annually was acceptable when no complications 
have been previously found. The ability to detect feet at raised risk of ulceration and aggressive intervention to reduce 
morbidity underlies the benefits of monitoring diabetic people.  
 
Recall 
Evidence statements: 
Where diabetic people and general practices are willing participants and when an organized system of recall and review is in 
place which specifies components of foot care, shared care arrangements between hospital and general practice provide levels 
of surveillance as good as hospital diabetic clinic attendance alone. (Ib) 
Prompt and appropriate information exchange between primary and secondary care, and with diabetic people, improves 
communication and quality of care. (IV) 
 
Evidence 
A Cochrane review studied RCTs comparing the effectiveness of general practice or hospital care in Australia and the UK. 
Two UK studies reported no automated system of recall was provided, one contained insufficient detail for assessment, and 
the second (high participation rate and 5 year follow-up) reported poorer follow-up and overall mortality in people receiving 
general practice rather than hospital care. An Australian study showed similar follow-up in structured shared care, or hospital 
care—although follow-up was concerningly low in this study. Two further UK studies featured regular prompting of people 
and/or doctors demonstrated comparable overall mortality and glycaemic control in general practice as with hospital 
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outpatient care, and lower losses to follow up. One such study showed that primary care attenders were more likely to be 
referred to a chiropodist than hospital attenders. These trials all contain methodological flaws to complicate interpretation and 
generalisation. The relative success of shared care may be due to factors other than the implementation of structured recall and 
review. Other studies have questioned the care received by people in the community and suggested and erratic and generally 
poor standard of supervision. 
 
The optimal period for routine surveillance of emergent foot problems is unclear, but the trials featuring structured recall and 
review used periods of 3 to 6 months.  
 
A recent review suggested that at discharge to general practice the exchange of information between specialists and both GPs 
and people with diabetes may be unhelpfully delayed and inadequate in content. Structured notes are advocated, containing 
details of diagnosis, examinations and procedures, history and progress, admission and discharge treatments, a management 
plan and problem list. 
 
No evidence was found to specify the precise components, or method of transmission of information. The Foot Care Working 
Group concluded that good practice when organizing services was to give careful consideration to communication between 
primary care and specialist services.  
 
The Foot Care Working Group also endorsed recommendations that a multi-disciplinary team of professionals should be 
available and co-ordinated to promptly provide the full range of appropriate services to people. This was based on work by a 
multi-disciplinary group set up by the British Diabetic Association (Diabetes UK) containing specific recommendations on the 
respective roles of the chiropodist, diabetologist, general practitioner, nurse, orthotist, radiologist and surgeon arranged 
variously in hospital, community care and vascular service teams, although there is currently no comparative evidence in this 
area. 
 
Identifying the foot at risk of complications: 
Evidence statements:  
A range of risk factors has been identified to indicate an increased risk of ulceration. (III) 
 
Evidence: 
Inconsistent evidence from studies using different methods and patient data and selections of risk factors identifies many 
markers of increased risk: old age, duration of diabetes, neuropathy, peripheral vascular disease, renal disease, foot 
deformities, plantar callus, previous ulceration or amputation, poor vision, poor footwear, cigarette smoking, social 
deprivation and social isolation. 
Surveys indicate sub-optimal supervision of elderly people in hospital, residential care, and general practice. Older people 
contain the greatest proportion of people at raised risk of ulceration and other complications. 
 
The Foot Care Working Group recommends that specific consideration should be given to organizing care to ensure adequate 
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supervision of at risk people, although there is no available evidence concerning the most appropriate process. 
 
Screening and protection programmes 
Evidence statements: 
Implementing a screening and protection programme for people with gross risk factors for ulceration reduces morbidity and is 
cost-effective. (Ib) 
 
Evidence: 
In a screening and protection programme conducted in an English diabetic outpatient clinic setting (n=2001), people in the 
intervention group were screened and those at raised risk, recalled. Following further assessment 192/259 were entered into a 
foot protection programme. These people had gross neuropathy indicated by foot deformities. These people were eligible for 
foot care education, chiropody and preventative footwear. People in the intervention group demonstrated non-significant 
trends in reduced ulceration and minor amputations and statistically significant reductions in amputations. Fewer people 
presenting with ulcers progressed to amputation (p=0.006). High gross risk factors may be explained by the older age range in 
this study, however, it demonstrates the potential for screening and protection of people at greatest risk of ulceration. 
 
Recommendations: 
 
Monitoring: 
Regular visual inspection of feet, assessment of foot sensation, and palpation of foot pulses by health care professionals is 
important for the detection of risk factors for ulceration. (A) 
Identification of neuropathy based on insensitivity to a 10 gram (5.07) monofilament is convenient and appears cost-effective. 
(D) 
Health professionals involved in the assessment of diabetic feet should receive adequate training. (D) 
 
Recall: 
Regular recall and review of diabetic people should be implemented. (B) 
Implementation should include a monitoring process to identify and address problems in health care delivery and 
communication. (D) 
 
Identifying the foot at risk of complications: 
Special care should be taken to regularly evaluate people with risk factors for ulceration: old age, duration of diabetes, 
neuropathy, peripheral vascular disease, foot deformities, plantar callus, previous ulceration or amputation, poor vision, poor 
footwear, cigarette smoking, social deprivation and social isolation. (C) 
Health care professionals may need to make special arrangements to provide adequate evaluation and care of older people and 
people who are immobile. (D) 
 
Screening and protection programmes 
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People with risk factors of ulceration should be referred to a specialist multi-disciplinary protection programme. (A) 
 
Other recommendations: 
Principal recommendations 
Foot care for all people with diabetes 
Arrange recall and annual review of complications and their risk factors, by trained personnel 
Examine feet, and lower legs, as part of annual review to detect risk factors for ulceration including: 
testing of foot sensation using a 10g monofilament or vibration 
palpation of foot pulses 
inspection of foot shape and footwear 
Classify foot risk as: low current risk or at risk or high risk or ulcerated foot 
 
Foot care for the low current risk foot (normal sensation, palpable pulses) 
Agree a management plan including foot care education with each person 
 
Foot care for the at risk foot (neuropathy or absent pulses or other risk factor) 
If previous foot ulcer or deformity or skin changes manage as high risk 
Enhance foot care education 
Inspect feet 3–6 monthly 
Advise on appropriate footwear 
Review need for vascular assessment 
 
Foot care for the high risk foot (risk factor + deformity or skin changes or previous ulcer) 
Arrange frequent review (1–3 monthly) from specialised podiatry/foot care team 
At each regular diabetes review, evaluate the provision of: 
intensified foot care education 
specialist footwear and insoles 
frequent (according to need) skin and nail care 
Review education/footwear/vascular status as for the at risk foot 
Ensure special arrangements for those people with disabilities or immobility 
 
Foot care for the ulcerated foot 
Arrange urgently, foot ulcer care from a team with specialist expertise 
Expect that team to ensure, as a minimum: 
investigation and treatment of vascular insufficiency 
local wound management, appropriate dressings, and debridement as indicated 
systemic antibiotic therapy for cellulitis or bone infection 
effective means of distributing foot pressures, including specialist footwear, casts 
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tight blood glucose control 
 
Foot care emergency (new ulceration, cellulitis, discolouration) 
Refer to specialised podiatry/foot care team within 24 hours 
 
Research issues: 
Areas that are inadequately addressed by the literature: 
The clinical and cost effectiveness of therapeutic footwear in people at higher risk of ulceration 
All aspects of foot ulcer treatment and care: different antibiotic regimes, wound dressings etc.  
Identification of people at higher risk of foot ulceration to identify people in need of a protection programme 
Strategies for ongoing care and evaluation of the elderly or immobile 
Use of standardised measures (especially outcome measures) in research articles. 

Hierarchy of Evidence Grading Ia 
Comments Key areas addressed: 

 
Care of the diabetic foot without complications: organisation between primary and secondary care, the role of health care 
professionals 
The foot at raised risk of complications: definition, identification, prevention of complications 
The ulcerated foot: diagnosis, treatment 
 
Searches limited to English language citations, all databases searched from 1983 onwards. 
Studies addressing some aspect of screening, management, care, prevention or education relating to the foot care of people 
with diabetes. In each area the best available evidence was used.  
Studies addressing Type 1 as well as Type 2 diabetes were included since although their aetiology is different, their 
management is almost identical. 
 
Key features of NICE inherited national clinical guideline: 
It is evidence based, where evidence is available 
In areas where evidence is lacking this is made clear, and the consensus methods used are clearly described 
Recommendations are explicitly linked to evidence where available 
The recommendations, methods and conclusions in the guideline are explicit and transparent 
 
Studies presented as a qualitative overview to produce an evidence report, as meta-analysis was not generally possible. The 
evidence report was presented to a Foot Care Working Group to develop recommendations 
 
Glycaemic control has been identified in a number of studies to reduce the incidence and progression of microvascular disease 
in Type 1 diabetes and a trend towards greater neuropathy with poor glycaemic control, but this latter evidence is not 
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conclusive. The association between glycaemic control and blood pressure and the occurrence of complications in Type 1 
diabetes will be covered elsewhere in this guideline. 

Trials included  Please see original article. 
Reference / Citation 244 
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Question 53:  In adults with Type 1 diabetes what are the optimum methods for surveillance for diabetic foot problems? 
Question 54:  In adults with Type 1 diabetes, what are the optimum screening tests for diabetic foot problems? 
 

Author / Title / Reference / Yr  Scottish Intercollegiate Guidelines Network 2001 Management of Diabetes. A National Clinical Guideline 
N= 5 Observational studies 

2 Reviews 
Location: Scotland 

Research Design Guidelines. 
Aim To determine effective diabetes management. 
Population People with type 1 and type 2 diabetes. 
Intervention N/A – various. 
Comparison N/A – various. 

Outcome A range of outcomes are considered, principally in reducing the occurrence of foot problems in people with diabetes 
Characteristics N/A – various. 
Results  Structured foot review: 

Evidence statements (grading): 
The absence of reliable symptoms and the high prevalence of asymptomatic disease make foot screening essential. (4) 
 
Guideline development group considered that at least annual screening from diagnosis of diabetes is appropriate. No evidence 
is available in this area. 
 
Neuropathy screening can be performed either by using clinical neuropathy disability scores, 10 g monofilaments, or by use of 
vibration perception thresholds. All these methods, singly or in combination, have shown benefits in selecting people at 
increased risk of foot ulceration. (2+) 
 
Methods of screening for vascular insufficiency are less well-defined. Absent pedal pulses are a guide to the presence of 
peripheral vascular disease and can be used for first-line screening. (2+) 
 
Ankle pressure and pressure indices can be falsely elevated in people with diabetes and should be interpreted with caution. 
 
Recommendations: 
Structured foot review: 
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All people with diabetes should be screened for foot disease. (D) 
Clinical neuropathy disability scores, 10 g monofilaments, or vibration perception thresholds are all appropriate methods for 
neuropathy screening. (C) 

Hierarchy of Evidence Grading Various 
Comments Systematic review of the literature carried out using an explicit search strategy devised by the SIGN information team 

All searches covered systematic reviews, meta-analysis and randomised controlled trials, extended to cover observational 
studies where appropriate. 
All searches covered: Cochrane Library, Embase, Healthstar and Medline. Where appropriate they also covered CINAHL and 
PsychInfo. Years searched: 1991–2000 
All selected papers were evaluated using standard methodological checklists before conclusions were considered as evidence. 
 
Provides evidence-based clinical practice for the Scottish Diabetes Framework 
Guideline to be considered for review in 2004, or sooner if new evidence becomes available 
Guideline development group divided into seven multidisciplinary groups co-ordinated by a steering group comprising the 
leaders of each groups. 
Guideline underwent consultation, initiated by a national open meeting. 
Guideline was peer-reviewed and made available for consultation prior to publication of the final report. 

Trials included  See original article 
Reference / Citation  
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Question 53:  In adults with Type 1 diabetes what are the optimum methods for surveillance for diabetic foot problems? 
Question 54:  In adults with Type 1 diabetes, what are the optimum screening tests for diabetic foot problems? 
 

Author / Title / Reference / Yr  O’Meara, S., Cullum, N., Majid, M., & Sheldon, T. 2000, "Systematic reviews of wound care management: (3) antimicrobial 
agents for chronic wounds; (4) diabetic foot ulceration", Health Technol.Assess., vol. 4, no. 21, pp. 1-237. 

N= 1 randomised controlled trial. 
Location: UK 

Research Design Systematic review 
Aim To determine effective wound care management for diabetic would ulceration. 
Population Diabetic people with a foot ulcer (treatment studies) or those deemed, by presence of callus for example, to be at risk of foot 

ulceration (prevention studies) 
Intervention N/A 
Comparison N/A 

Outcome Development or resolution of callus and incidence of ulceration (prevention studies); and any quantitative measure of ulcer 
healing (proportion of people healed, reduction in wound size, time to healing), ulcer recurrence rates, side-effects and 
amputation rates (treatment studies) 

Characteristics N/A 
Results  Evidence statements: 

One large trial of a combined screening and foot protection programme reported a statistically significant reduction in major 
amputations over a 2 year periodii.  
 
Evidence: 
2001 People randomised to usual care or the experimental screening and foot care programme consisting of screening with 
Semmes-Weinstein monofilaments, biothesiometry and palpitation of pedal pulses. 
Follow-up appointments for repeated tests and additional examinations (measurement of ankle/branchial pressure index 
(ABPI), transcutaneous oxygen, foot pressures, X rays) were given to people with abnormalities.  
People with deformities, history of ulceration or ABPI �������GHHPHG�DW�KLJK�ULVN�RI�XOFHUDWLRQ��Q ����������DQG�HQWHUHG�WKH�
foot programme, involving weekly foot clinic with provision of podiatry, hosiery, protective footwear and education.  
After 2 years follow up incidence of foot ulceration = 2.4% in the experimental group vs. 3.5% in controls. (non-significant)  
Amputations= 1 in the experimental group vs. 12 in the controls, (p less than0.01) 
Cost evaluation showed the cost savings by reduction of amputation balanced out the cost of the 2 year foot care programme. 

Hierarchy of Evidence Grading 1a 
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Comments Studies were included if they were RCTs irrespective of the date or language of the report, that evaluated the effectiveness of 
an intervention to prevention or treat diabetic foot ulcers. Non-RCTs that contained a contemporaneous control were eligible 
in the absence of RCTs for a particular intervention 
Key areas addressed: 
Any intervention for the prevention or treatment of diabetic foot ulcers, or systemic or topical antimicrobials for chronic 
wounds (diabetic foot ulcers, pressure ulcers, leg ulcers of various aetiologies, pilonidal sinuses, non-healing surgical wounds, 
and cavity wounds) and used objective measures of outcome such as: 
development or resolution of callus  
incidence of ulceration (for diabetic foot ulcer prevention studies)  
incidence of pressure sores (pressure sore prevention studies)  
any objective measure of wound healing (frequency of complete healing, change in wound size, time to healing, rate of 
healing)  
ulcer recurrence rates  
side-effects  
amputation rates (diabetic foot ulcer treatment studies)  
healing rates and recurrence of disease, among others, for pilonidal sinuses. 
 
All studies quality assessed 
HTA notes: most of the research evaluating interventions for the prevention and treatment of diabetic foot ulcers is poorly 
reported and/or of poor methodological quality. Shortcomings such as small sample size, poor (or unclear) baseline 
comparability of groups short follow up, inadequate reporting and lack of blinding of outcome assessment pose particular 
problems for the interpretation of results. 
 
 

Trials included  See original article 
Reference / Citation 245 
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Question 53:  In adults with Type 1 diabetes what are the optimum methods for surveillance for diabetic foot problems? 
 

Author / Title / Reference / Yr  Mayfield JA, Sugarman JR 2000 The use of the Semmes-Weinstein Monofilament and other threshold tests for preventing 
foot ulceration and amputation in persons with diabetes. Journal of Family Practice 49:S17–S29 

N= 6 prospective studies, 10 comparative or observational studies evaluating association of the SWM with ulceration 
7 observational studies and 4 prospective studies linking VPTs to ulcers or amputations 
N greater than8000 
Location: USA 

Research Design Systematic review 
Aim To assess the effectiveness of the use of the Semmes-Weinstein Monofilament and other threshold tests for preventing foot 

ulceration and amputation in persons with diabetes. 
Population People with diabetes and various controls 
Intervention Semmes-Weinstein Monofilament and other threshold tests 
Comparison Various 

Outcome Accuracy of SWM testing to accurately predict and prevent ulceration and amputation 
Characteristics N/A 
Results  Which size on monofilament is best? 

The first study on SWM used the 4.17, 5.07 and 6.10 monofilaments in people with Hansen’s disease or diabetes.  No one 
could sense the 5.07 monofilament, and the authors concluded that this level provided the best discrimination. 
Three observational studies found 5.07 SWM (10g) correlated best with the presence or history of an ulcer. In contrast to 1 
other observational study which reported better discrimination with a 4.21 (1g). All of the prospective studies evaluating 
SWM also used the 5.07 SWM. 
Which sites for testing? 
Conflicting recommendations have been published about the sites for testing. Two small cohorts of people without diabetes or 
neuropathy reported the dorsum of the foot (skin with hair) was 10-fold more sensitive than the sole, and the heel was 10-fold 
less sensitive than the plantar surface of the forefoot. The first study showed that this plantar aspect of the forefoot provides 
the best discrimination between those who did and who did not have ulcers, and that the heel provides effectively no 
discrimination.  
A cross sectional study (n=304) found that 4 plantar sites on the forefoot--the great toe and the metatarsal heads of the first, 
third and fifth ray—identified 95% of people who had ����DEVHQW�VHQVDWLRQ�VLWH�ZKHQ���SODQWDU�VLWHV�ZHUH�Wested. 
How many sites? 
Evidence on the number of sites required for definition of an insensate foot ranges from 1 to 4 sites. The studies in this review 
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used ����LQVHQVDWH�VLWH�WR�GHILQH�D�SHUVRQ�DV�LQVHQVDWH� 
Predictive ability of the monofilament 
One prospective study (n=358) in NIDDM Native Americans found 19% to be insensate at ����VLWH��DIWHU�UHWHVWLQJ�WZLFH�IRU�
confirmation. At 2 year follow up 37/92 people with insensate feet had developed ulcerations, compared with 4/266 persons 
with intact sensation (RR=9.9; 95%CI 4.8–21). The risk of amputation also increased in the insensate group (OR=17; 95%CI 
4.5–95). 
A prospective study of an predominately African American obese indigent inner-city NIDDM population (n=352) 
monofilament testing predicted a foot ulcer with an OR of 2.75 (95%CI 1.55–4.88) over 1 year follow up. 
A longitudinal prospective study of veterans with diabetes in the UK (n=469, primarily men) which excluded people with a 
history of ulcers and vascular disease found the monofilament was associated with a RR=2.2 (95%CI 1.5–3.1) for ulceration, 
controlled for several risk factors. 
Finally, Pham et al showed people with diabetes found to be insensate to 5.07 SWM had an OR of 5.4 (95%CI 2.66–11.6) for 
the development of ulcers. 
Reproducibility of the monofilament  
Overall moderate interrater and intrarater agreement was found.  
6POHMD�HW�DO�VKRZHG�PRGHUDWH�UHSURGXFLELOLW\�RI�WKH�6:0�H[DPLQDWLRQ�RI�WKH�IRUHIRRW��  ����–0.54) while arches, heel and 
GRUVXP�KDG�RQO\�IDLU�UHSURGXFLELOLW\��  ����–0.38).  
The method of testing with the monofilament influenced reproducibility, one study outlined a sensitive objective procedure for 
evaluating response to light touch using a forced 2-choice option technique, where people who cannot feel the monofilament 
are considered insensate. However, the yes/no method of testing to provide similar results and quicker to conduct,.  
Booth & Young found performance of monofilaments from several different manufacturers deviated by greater than10% from 
the labeled force and maximum force declined rapidly over the first 3 compressions and again after 100 compressions 
One RCT (n=2001) combined screening for neuropathy with treatment. The 1001 treatment people were screened with 5.07 
SWM, VTP, and pedal pulses. SWM showed the best reproducibility (85% agreement) between the first and second, 
confirmation, screening.  
Frequency of examination 
No formal assessment of frequency of examination or the value of repeated monofilament testing following confirmation of 
neuropathy exists. Authors comment that the slow natural history suggests annual examination is sufficient, but that foot care 
specialists believe repeated testing emphasizes the importance of foot care.  
Comparison with other clinical tests of neuropathy 
Physical symptoms 
Two studies reported symptoms of tingling, burning, hyperesthesia and other uncomfortable sensations affect greater than40% 
of people with diabetes some time after diagnosis.  
However two separate studies reported poor correlation of pain symptoms with foot ulceration. Necessitating other methods of 
identification 
Clinical assessment 
Two studies, report that traditional clinical assessment of peripheral neurologic function (pinprick, vibration with tuning fork 
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DQG�OLJKW�WRXFK�WR�FRWWRQ�ZLVS��DUH�KLJKO\�VXEMHFWLYH�ZLWK�SRRU�LQWHUREVHUYHU�UHSURGXFLELOLW\�� �OHVV�WKDQ�����5HSURGXFLELOLW\�
for ankOH�MHUNV�UHFRUGLQJ�QRUPDO�DQG�DEQRUPDO�LV�VOLJKWO\�KLJKHU���  ����–0.59) but are generally poor predictors of ulceration. 
Biothesiometer 
Three prospective studies showed that a decrease in vibratory perception with a threshold of more than 25 volts is highly 
predictive if subsequent ulceration. 
Tuning fork 
Use of a 64-Hz graduated tuning fork is highly correlated with other measures of vibration and is moderately reproducible 
even with inexperienced examinersiii. However, no prospective evidence is available. 
2-point discrimination 
Another psychosomatosenosry threshold test, 2-point discrimination, using a small portable disc with 8 protruding rods spaced 
12.5–40 mm apart was shown  to be more sensitive but less specific than SWM or VPT for assessment of current data. 
However, no prospective data are available on this method. 
Temperature and pain 
Two studies evaluated threshold tests for temperature and one study pinprick sensory thresholds. Both tests were found to be 
cumbersome and irritating, and correlate less well with the risk of ulceration, compared to data for SWM and VPT 
Self-testing with monofilaments 
A study exploring the home use of the monofilament by people to detect the loss of protective sensation as a means to 
motivate and empower people. This study had a number of flaws in its study design and conduct: §� ����RI� SHRSOH� ZHUH�
already aware, from testing by their GP, of their sensation status; no data was collected on change in behaviour; self-
administration introduces bias of expectations; the rudimentary quality of the monofilaments provided may have lead to false 
results. 
 
Recommendations: 
There is good evidence supporting the predictive ability of the SWM to identify people with diabetes at increased risk of foot 
ulceration and amputation. The test is easy to administer, inexpensive, acceptable to people with diabetes, and provides more 
information than the history or standard neurologic exam. The test appears to provide the easiest and most acceptable means 
to identify people at risk.  
The role of repeated monofilament testing once clinically significant neuropathy has been identified has not been examined. 

Hierarchy of Evidence Grading 1a 
Comments Key areas addressed: Principally Semmes-Weinstein Monofilament (SWM), vibration perception testing (VPT) covered in 11 

studies. Additional information included on other types of threshold tests, including temperature threshold and 2-point 
discrimination. 
Inclusion criteria: studies assessing foot ulceration and comparing tests with a reference standard. 
Literature search limited to MEDLINE between 1985 and 2000 
Search terms included: diabetic foot or diabetes mellitus and foot ulcer or foot diseases.  
Limited search to those articles also including: sensory threshold or touch or vibration or monofilament or two point 
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discrimination.  
Articles restricted to humans and English language 
Abstracts reviewed for original data collection and inclusion of the SWM or other neuropathy assessment method for use in a 
primary care setting 
All references from selected abstracts and clinical reviews were scanned for other articles that may have been missed in the 
strategy 
Further searches were conducted using leg ulcer and diabetes mellitus and diabetic neuropathies inspired by identification of 
one paper in the references that had not been identified in the search. These further searches yielded another 15 publications.  
One additional paper published in May 2000 was included in the review that had not yet been indexed in the databases. 
Quality of included papers 
Authors state that “standard criteria for assessing diagnostic evaluations” were employed.  
Inclusions: articles with reference standard of foot ulceration or amputation 
Each study assessed for: study design, population characteristics and potential for selection bias, the degree of blinding of 
examiners to other test results, application of the test and the reference standard to all the subjects, test characteristics—
likelihood ratios or sensitivity, specificity and predictive value, reproducibility—intrarater and interrater reliability and factors 
affecting reproducibility.  
Studies were abstracted by one author and confirmed by the second author 
Individual papers not given quality rating but overall quality of the paper assessed to allow inclusion in study 
Populations included in the studies 
Several included studies appear to report data from the same populations: McNeely, Boyko and Adler report on the same 
Seattle veteran population; Lavery, Armstrong, Frykberg and Pham report on a San Antonio podiatric population. 
Some variation in populations included in the individual studies is evident within the review. 
Sample size and blinding 
Comparative studies used small convenience samples. The larger cross-sectional studies make no mention of the 
representativeness of the sample they include. Observational studies were generally performed on people with ulcers, so 
blinding was impossible. 
Calibration of equipment: 
Only three of the studies included in the review reported calibration of the monofilament, this may have caused some of the 
variation in results among the studies 

Trials included  See original article 
Reference / Citation 246 
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Question 53:  In adults with Type 1 diabetes what are the optimum methods for surveillance for diabetic foot problems? 
 

Author / Title / Reference / Yr  Bowering CK Diabetic foot ulcers 2001 Pathophysiology, assessment, and therapy. Canadian Family Physician 47: 1007–
1016 

N= 16 observational studies 
Location: Canada 

Research Design Systematic review 
Aim To examine the pathophysiology, assessment, and therapy of diabetic foot ulcers. 
Population People with type 1 and type 2 diabetes 
Intervention N/A - various 
Comparison N/A - various 

Outcome Development or resolution of callus and incidence of ulceration (prevention studies); and any quantitative measure of ulcer 
healing (proportion of people healed, reduction in wound size, time to healing), ulcer recurrence rates, side-effects and 
amputation rates (treatment studies) 

Characteristics N/A - various 
Results  Three surveys of physicians and patient chart evaluations determined that fewer than 50% of diabetic people receive 

appropriate foot evaluation as part of their annual medical checkups 
A recent community study showed 10% of people were unaware of ulceration prior to diagnosis, this problem is precipitated 
because neuropathy removes that pain that would normally alert them 
Recommendations by consensus panels suggest that annual screening foot examinations be performed for all diabetic people 
greater than15 years, with more frequent assessments in people at risk from peripheral ischaemia or neuropathy 
Neurological assessment 
One study by Rith-Najarian et al The loss of sensation to the 10g filament on the sole of the foot is associated with a 10-fold 
risk of foot ulceration and a 17 fold risk of amputation over a 32 month follow-up period.  
Two studies identified the uncallused regions of the plantar surface of the metatarsal heads as the most important areas for 
assessment, although up to 10 spots over the sole of the foot from the toes to the heel have been advocated in some cases.  
Circulatory assessment 
The findings of Rivers et al suggest that pedal pulses are not an accurate way of assessing peripheral circulation. Several 
people were identified with sufficiently severe peripheral ischaemia to warrant distal surgical bypass procedures despite the 
presence of readily palpable pedal pulses.  
The use of Doppler ultrasonography to determine ankle-branchial index (ABI) which indicates the adequacy of peripheral 
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blood flow in people without diabetes, was found by Goss et al to be less reliable in diabetic people due to calcification of the 
media of the distal arteries, resulting in an artificially high systolic pressure in the ankle. 
Radiologic assessment 
People with foot ulcers should have a baseline x-ray examination as part of their initial evaluation to detect changes including 
neuroarthropathy (charcot joint) or osteomyelitis. 
A plain X-ray is not an effective way of identifying osteomyelitis in the early stages. One study showed that even for chronic 
osteomyelitis, the plain x-ray film was positive in only 25% of cases in one small series. 
The three-phase technetium bone scan has greater sensitivity, but this is still low. One study showed the sensitivity of only 
69% and specificity of 39% 
Introducing Gallium scanning in combination with technetium improves specificity. White blood cell scanning with indium 
111 results in a sensitivity and specificity of 89% and 69%, respectively for detecting osteomyelitis.  
Combining technetium scanning with indium white blood cell scanning improves sensitivity and specificity to 100% and 80% 
respectively but is expensive and time-consuming. 
Studies examining the role for MRI scanning in osteomyelitis are of very small participant numbers, but do suggest that this 
may be an effective tool for assessing osteomyelitis. 
A low-cost method of evaluating diabetic people with foot ulcers for osteomyelitis is by palpitation of the bone through the 
foot ulcer with a blunt-tipped steel probe. If bone is felt beneath the foot ulcer this indicates the presence of a bone infection. 

Hierarchy of Evidence Grading Various 
Comments Key areas addressed: 

Etiology of diabetic foot problems 
Assessment of diabetic feet: 
Neurologic assessment 
Circulatory assessment 
Radiologic assessment 
Therapy for diabetic foot ulcers 
Study Inclusion criteria: articles on assessment and management of diabetic feet 
Literature search: MEDLINE January 1979 to September 1999 
Important research predating 1979 was also evaluated 
Search terms including: diabetic foot ulcer, peripheral vascular disease, peripheral neuropathy, infection, osteomyelitis, wound 
and ulcer care and amputation. 
Search only included papers indexed in MEDLINE database. A more thorough search of the databases may have yielded 
additional relevant papers to add to the evidence base.  
No mention of quality assessment  
Author states: unfortunately there are no randomised controlled prospective trials on many aspects of diabetic foot therapy. 
Most reports are descriptive case series. Recommendations for assessment and management are based on an overall consensus 
derived from available literature. 
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Trials included  See original article 
Reference / Citation 248 
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Question 53:  In adults with Type 1 diabetes what are the optimum methods for surveillance for diabetic foot problems? 
 

Author / Title / Reference / Yr  Paisley AN, Abbott CA, van Schie HM, Boulton AJM 2002 A comparison of the Neuropen against standard quantitative 
sensory-threshold measures for assessing peripheral nerve function. Diabetic Medicine 19:400–405 

N= 124 people 
Location: UK 

Research Design Diagnostic test 
Aim To compare Neuropen against standard quantitative sensory-threshold measures for assessing peripheral nerve function. 
Population Adults with type 1 and type 2 diabetes 
Intervention Neuropen: a combination of an interchangeable 10g monofilament for cutaneous pressure assessment and a calibrated sterile 

Neurotip™ for assessing pain sensation, contained within a pen-like hand held device 
Comparison Gold standards:  

i) Modified Neuropathy Disability score (NDS) derived from assessment of vibration, pinprick (pain), temperature sensation 
plus ankle reflexes.   
ii)VPT measured at the hallux 

Outcome Assessment of peripheral nerve function 
Characteristics Significant differences were seen in the characteristics of people recording higher NDS scores, these people were significantly 

older with a greater history of foot ulcers (p less than0.0001); predominately men, had longer duration of diabetes, and higher 
HbA1c results (p less than0.05). 

Results  In general neuropen showed high correlation with NDS and VPT test results. Taking abnormal results for either the 
monofilament or neurotip test as confirmation of neuropathy resulted in a high false positive result, but this is reduced when 
abnormal results in both monofilaments and neurotip are taken together. 
neuropen vs. NDS score  
The distribution of people scoring abnormal results using individual and combined entities of the monofilament and neurotip 
scores show that the 90–100% of people with NDS score between 7 and 10 had abnormal monofilament test results.  
85–100% of people with NDS score between 5 and 10 had an abnormal neurotip test result 
90-100% of people recording an NDS score between 3 and 10 also showed abnormal test results on either the neurotip or 
neuropen tests 
85–100% of people with NDS score between 5 and 10 recorded abnormal test results in BOTH neurotip and neuropen tests 
neuropen vs. VPT 
A VPT �����FRUUHODWHG�ZLWK������������������DQG�������DEQRUPDO�WHVW�UHVXOWV�LQ�SHRSOH�WHVWHG�ZLWK�PRQRILODPHQW�RU�QHXURWLS�
alone, either monofilament or neurotip, and both monofilament and nuerotip results respectively. 
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A VPT16–24 correlated with 50, 75, 82.1 and 42.9% abnormal test results and VPT�����FRUUHODWHG�ZLWK����������������DQG�
81.5% abnormal test results in people measured with the four different tests, respectively. 
Sensitivity and specificity 
For a diagnosis of severe neuropathy (NDS score �����93T ������VHQVLWLYLW\�ZDV�DERYH�����LQ�DOO�FDVHV��UHFRUGLQJ�WKH�KLJKHVW�
levels when confirmation was considered a abnormal test result in either monofilament or neurotip tests.  
Specificity was lowest after this test, and ranged from 30.1 to 68%, recording the highest level when confirmation was 
considered a abnormal test result in BOTH the monofilament or neurotip tests.  
The combined sensitivity and specificity was highest when the two test results were taken in combination.  
Interobserver agreement 
�FRHIILFLHQWV�LQGLFDWHG�PRGHUDWH�DJUHHPHQW�IRU�LGHQWLI\LQJ�937�EHORZ�RU�DERYH���9��  �������KRZHYHU�WKLV�ZDV�RQO\�  �����
IRU� WKH� IRXU�1'6� JURXSV�� ,QWHUREVHUYHU� DJUHHPHQW� YDULHG� JUHDWO\� IRU� WKH� QHXURSHQ� UHVXOWV��  ����� IRU� HDFK� LQGLYLGXDO� WHVW�
entity, whereas and abnormal result for the combined monofilament and neurotip test showed interobserver agreement of 
 ����� 

Lower values of agreement for VPT and NDS scores are probably due to difficulties with grouping scores from a continuous 
scale. 

Hierarchy of Evidence Grading DS 
Comments People recruited from a Diabetes Centre or a ‘high risk’ diabetic foot clinic at Rusholme Health Centre. 

Examiners were blinded to confounding factors such as age, gender, type and duration of diabetes, HbA1c, creatinine levels 
and history of foot ulceration.   
Neuropen assessment performed twice on the plantar surface of each hallux and the 1st, 2nd, 3rd and 5th metatarsal heads in 
random order. The participant was requested to affirm when a stimulus was felt. Recorded as number of sites affirmed/10. 
Pain sensation measured by neurotip pressed against the plantar surface of the hallux and people asked to distinguish between 
painful and non painful stimuli. 
NDS measured sensory modalities (vibration, pinprick and temperature (cold tuning fork) sensation) were scored as present = 
0, or reduced/absent = 1 for each side of the foot, and reflexes were scored as normal = 0, present with reinforcement = 1 or 
absent = 2 per side. Total score was out of 10 
VPT the mean if three VPT recordings for each foot were recorded and the highest mean VPT value for either foot was used 
in the analysis. 
People were grouped according to neuropathy status evaluated by the two different methods: NDS score: group 1: 0–2 (no 
neuropathy); group 2: 3–5(mild neuropathy); group 3: 6–8(moderate neuropathy); group 4: 9–10(severe neuropathy). NDS 
score�������ZDV�XVHG�DV�D�PRUH�JHQHUDO�FXW-off for indication of risk of ulceration. 
VPT score divided people into three groups: group 1: VPT������JURXS����937��–24 and group 3: VPT������7KH�ILQDO�JURXS�LV�
accepted as predicative of foot ulceration. 
Neuropen scores: monofilament assessment: normal pressure perception greater than8/10, abnormal pressure perception ��
8/10; Neurotip scores: inability to feel sensation on either or both feet = abnormal result.  
Interobserver repeatability calculated from results of 16 people by three different observers. 
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Reference standard is a previously validated predictor of new diabetic foot ulcers (NDS), with a validated scoring system, and 
VPT testing is a widely used clinical screening tool with a previously validated categorisation system. 
Neuropen scores chosen following consideration of recommendations from a previous report on monofilament sensitivity and 
specificity.  
Insufficient details are given of randomisation selection procedures  
All people who underwent testing with reference standard were also assessed with the neuropen 
Blinding of investigators is suggested in the methods section, however insufficient details are given to ensure that 
investigators were not biased by previous test results. The number of investigators involved is unknown. The results of this 
study should therefore be treated with caution. 
People exhibiting foot ulcers are not specifically excluded. Examination of these people would be incredibly biased. 

Reference / Citation 247 
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11.2 Treatment of foot ulceration and related infection 
Not applicable 
                                                 
 
 
 
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 1 of 106 

12 Management of complications: diabetes nerve damage 
 

12.1 Diagnosis and management of erectile dysfunction 
 

 
 

Q61 What is the optimum method for surveillance for sexual dysfunction in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Ackerman, M. D., D’Attilio, J. P., Antoni, M. H., Campbell, B. M. (1991). Assessment of erectile dysfunction in diabetic 
men: The clinical relevance of self-reported sexual functioning. Journal of Sex and Marital Therapy, 17, 3, 191-202. 

N= N=53 participants 
USA 

Research Design Cohort study 
Aim To evaluate the significance of patient-reported sexual symptomatology in predicting actual physiological measures of penile 

tip and base rigidity and duration of erectile episodes within the context of a multivariate design. 
Population Erectile dysfunction was defined in accordance with DSM-III-R criteria as a persistent or recurrent partial or complete failure 

to attain or maintain sufficient erections for satisfactory sexual functioning to occur. 
Intervention Male veterans suffering from diabetes mellitus, presenting with erectile dysfunction. 
Comparison Diabetic male population presenting with sexual dysfunction N=36 

Sex history question: 
- Frequency of symptoms 
- Onset of symptoms 
- Early am erections 
- Quality of erections 
- Sex interest 
- Ability to ejaculate 
Beck Depression Inventory 

Outcome Diagnosis of sexual dysfunction 
Characteristics Rigiscan values: 

- TR = Tip % rigidity 
- TD = Tip duration of erectile episode 
- BR = Base % rigidity 
- BD = Base duration of erectile episode 

Results  Reports of the presence of a.m. erections were associated with increased Rigiscan values of TR (r=0.64, p less than0.001), BR 
(r=0.58, p less than0.001), TD (r=0.65, p less than0.001) and BD (r=0.57, p less than0.001).  
Reports of fuller erectile quality were associated with increased Rigiscan values of TR (r=0.58, p less than0.001), BR (r=0.42, 
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p less than0.01), TD(r=0.67, p less than0.001), and BD (r=0.71, p less than0.001). 
Significant positive correlations were found between reports of ejaculatory capacity and three of the four Rigiscan measures of 
erectile functioning with subject reports of intact ejaculatory capacity being associated with increased Rigiscan measures of 
TR (r=0.45, p less than0.01), TD (r=0.56, p less than0.001) and BD (r=0.30, p less than0.05). 
A significant inverse relationship was found between symptom frequency and the Rigiscan measure of BD, with greater 
symptom frequency being associated with diminished duration values of erectile episodes at the penile base (r=-0.39, p less 
than0.01). 
Subject reports of a.m. erections accounted for 45% of the variance in TR [F(1,34)=28.1, p less than0.001]. Reports of a.m. 
erections in combination with reported sex interest accounted for 47% of the variance in BR [F(2,33)=14.7, p less than0.001]. 
Reported erectile quality accounted for 38% of the variance in TD [F(1,34) = 21.0, p less than0.001] and 41% of the variance 
in BD [F(1,34)=24.2, p less than0.001]. 
Estimates of how well the derived predictors would hold up in a subsequent cross-validation study were calculated using the 
Herzberg formula. Results indicate minimal R2 shrinkage, and considerable stability in the prediction of Rigiscan measures on 
the basis of the derived predictors had a cross-validation study been conducted using a second sample of 36 diabetic men 
presenting with ED. 

Hierarchy of Evidence Grading IIa 

Comments The sample was divided into IDDM vs NIDDM to determine whether there was a meaningful clinical distinction with respect 
to erectile quality but no significance was found on the four Rigiscan measures- therefore data from these two groups were 
combined in subsequent analyses. 
In order to control for redundancy or overlap among sex history questions in predicting Rigiscan values and to isolate those 
diagnostic questions of greatest clinical value in the prediction of Rigiscan measures, stepwise multiple regression statistical 
procedures were employed. 
Estimates of how well the derived predictors would hold up in a subsequent cross-validation study were calculated using the 
Herzberg formula. 
The study attempted to control for the potential impact of multiple psychiatric and physical illness factors by employing more 
stringent exclusionary criteria than those used in previous investigations. 
No comparison provided between full participants and those lost to follow up. 

Reference / Citation  249 
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Q61 What is the optimum method for surveillance for sexual dysfunction in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Leedom, L., Feldman, M., Procci, W., Zeidler, A. (1991). Symptoms of sexual dysfunction and depression in diabetic women. 
The Journal of Diabetic Complications, 5, 1, 38-41. 

N= N= 18 Diabetic women with neuropathy 
N= 9 Diabetic women without neuropathy 
N= 11 Nondiabetic women participants 
USA 

Research Design Case-control study 
Aim To assess the relationship of symptoms of depression, sexual dysfunction, and neuropathy in diabetic women. 
Population Diabetes Type I N=7; Type II N=20 
Intervention Measure of depression 
Comparison Not applicable 

Outcome The relationship between symptoms of depression (as measured by the Beck Depression Inventory and the Hamilton 
Psychiatric Rating Scale), sexual dysfunction (as measured by a questionnaire which asked patients to rate their symptoms on 
a scale from 0 to 10), and neuropathy (as measured by the visual analogue scale). 

Characteristics Mean age = Diabetic women with neuropathy/ without neuropathy/ Nondiabetic women = 
47.2yrs/45.2yrs/43.0yrs 
Mean duration of diabetes was significantly higher in patients with diabetic neuropathy as compared with non-neuropathic 
diabetic women (t=4.679, df=25, p=0.0001). 
Non-neuropathic diabetic subjects reported no symptoms of neuropathy 

Results  Diabetic women with neuropathy reported significantly more symptoms of sexual dysfunction than either non-neuropathic 
diabetic or control women. Diabetic women without neuropathy did not differ significantly from controls in any symptom 
category. 
Diabetic women with peripheral neuropathy scored significantly higher than non-neuropathic diabetic and control subjects on 
the Beck. 
Neuropathic diabetic women also scored significantly higher than non-neuropathic diabetic women on the Hamilton. 
Among diabetic women with neuropathy, there was a significant positive correlation between the severity of sexual 
dysfunction reported and the severity of depression reported (r=0.75, df=14, p less than0.0025). 
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Hierarchy of Evidence Grading IIa 

Comments P-values missing for Hamilton scores. 
Not clear from figure which bar graph corresponds to which study group.  Therefore, unable to ascertain corresponding p 
values. 
No information is provided regarding the validity of the sexual dysfunction questionnaire. 
Potential confounders have not been identified and taken into account in the design and analysis. 
No measures to prevent knowledge of primary exposure influencing case ascertainment documented. 
Results do not differentiate between Type I & II diabetes 

Reference / Citation  251 
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Q61 What is the optimum method for surveillance for sexual dysfunction in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Wellmer, A., Shariff, M. K., Knowles, C. H., Misra, V. P., Kopelman, P., Ralph, D., Anand, P. (1999). Quantative sensory 
and autonomic testing in male diabetic patients with erectile dysfunction. BJU International, 83, 66-70.   

N= Male diabetic patients with symptomatic erectile dysfunction N=68 
Male diabetic patients with symptomatic erectile dysfunction N=68 
Location=London, UK 
Sites=1 

Research Design Cross-sectional case control study 
Patients were evaluated with a symptom questionnaire based on the Michigan Neuropathy Screening instrument questionnaire 
and examined clinically. 
Sural and peroneal nerve-conduction studies and quantative sensory and autonomic tests (using the staging system of Dyck) 
were used to detect nerve abnormalities in the lower limbs. 

Aim To characterise the neuropathy in erectile dysfunction (ED) and to identify nerve fibre subtypes that may be preferentially 
affected. 

Population Patients were included in the ED group if the following questions were answered negatively: 
1. rigidity sufficient for intercourse 
2. Whether erections could be sustained for the duration of intercourse 

Intervention Adult diabetes patients  
Comparison Male diabetic patients with symptomatic erectile dysfunction N=68 

Outcome Matched diabetics without erectile dysfunction N=68 
Characteristics Nerve abnormalities in the lower limbs  that are affected in diabetes patients with erectile dysfunction. 
Results  Symptoms were significantly more for neuropathic pain in the distal lower limb for the ED group (p less than0.05). 

Autonomic symptoms were more common in the ED patients but, but only gastroparesis was statistically different (p less 
than0.05). ED patients had significantly more severe clinical neuropathy (p less than0.05) than non ED patients. 
In terms of the results of quantative sensory and automatic testing- axon reflex vasodilation and warm perception threshold 
were most commonly abnormal in diabetes with ED (p less than0.001). They were followed by vibration threshold, light touch 
threshold, cool perception threshold and axon-reflex sweating. On the nerve conduction studies, SAPs were more commonly 
abnormal in the ED group. Warm perception threshold abnormalities were only marginally more common in the ED group, 
but axon reflex vasodilation was significantly (p less than0.001) more often abnormal in the ED group. 
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Hierarchy of Evidence Grading IIa 

Comments Exclusion criteria used for cases and controls not specified. 
Percentage of dropouts not provided. 
No measures have been taken to prevent knowledge of primary exposure influencing case ascertainment. 
Results do not differentiate between Type I & II diabetes 

Reference / Citation  250 
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Q62 What are the optimum methods of management for sexual dysfunction in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Price, D. E., Gingell, J. C., Gepi-Attee, S., Wareham, K., Yates, Boolell, M. (1998). Sildenafil: Study of a novel oral treatment 
for erectile dysfunction in diabetic men. Diabetic Medicine, 15, 821-825. 

N= N= 21 participants 

UK 

Sites=2  
Research Design Randomised controlled trial  
Aim To assess the efficacy and safety of 25mg or 50 mg of sildenafil taken as a single dose, followed by once daily dosing for 10 

days in diabetic men with ED. 
Population Penile plethysmography was used to measure rigidity at the base of the penis and at the tip of the penis below the glans. After 

15min of continuous recording, a single dose of sildenafil or placebo (25mg or 50mg) was administered. Using video’s and 
magazines, visual sexual stimulation commenced 30min after dosing and continued for 90min. The duration (min) of penile 
rigidity greater than60% was monitored. 
Daily diary records of erectile activity (grading scale 1-4) and a global efficacy question (did the quality of their erections 
improve during the 10 days you took the treatment?) were used to evaluate once-daily dosing with 25mg or 50mg of Sildenafil 
or placebo for 10 days. 

Intervention Sildenafil 25mg or 50mg 
Comparison Placebo 

Outcome Penile plethysmography (RigiScan, Dacomed Corporation, Minneapolis, Minnesota, USA). 
Daily diary records of erectile activity (grading scale 1-4)  
Global efficacy question (did the quality of their erections improve during the 10 days you took the treatment?) 

Characteristics (Type 1: N=7; Type 2: N=14), Mean age=51yrs/Age range: 42yrs-65yrs, Mean duration of diabetes=11yrs (3-32yrs) 
Results  Penile rigidity 

After a single dose of sildenafil, the adjusted geometric mean (95% CI) duration (min) of penile rigidity greater than60% at 
the base of the penis during visual stimulation was significantly increased with 50mg of sildenafil compared with placebo 
(25mg sildenafil: 5.0 (1.9-12.4); 50mg sildenafil: 10.1 (4.2-23.1, p=0.0053 versus placebo) and placebo: 2.8 (0.7-8.4).  
At the tip of the penis the adjusted geometric mean duration of rigidity was 1.2 (0.2-3.8) for 25mg of sildenafil, 2.2 (0.7-6.0) 
for 50mg of sildenafil (p=0.0126 vs placebo) and 0.4 (-0.2-2.1) for placebo. 
Daily diary records of erectile activity 
Both 25mg and 50mg doses of sildenafil significantly increased the total number of erections hard enough for sexual 
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intercourse (i.e. grade 3 or 4) compared with placebo. The mean numbers of erections sufficiently rigid for sexual intercourse 
per week were 1.3 (0.9-1.8, p=0.0025) for patients taking 25mg of sildenafil and 1.6 (1.1-2.1, p=0.0002) for patients taking 
50mg of sildenafil compared with 0.6 (0.4-0.9) for placebo treated patients. 
Global efficacy question 
At the end of 10 days of treatment, a significant percentage of patients reported improvement in their erections with daily 
administration of sildenafil. Of the 20 patients who completed treatment with both placebo and 25mg of sildenafil, 10 patients 
(50%) reported that their erections were improved on 25mg of sildenafil compared with two patients (10%) on placebo 
(p=0.048).  
After treatment with placebo and 50mg of sildenafil, 11 of 21 patients (52%) recorded improvement in the quality of their 
erections on 50mg of sildenafil compared with two patients (10%) on placebo (p=0.028). 
There were no serious adverse events judged to be related to treatment. 

Hierarchy of Evidence Grading Ib 
Comments Small sample size 

No power analyses 
The study documents randomisation of subjects but randomisation methodology is not specified. 
The study documents double-blinding but blinding methodology is not specified. 
Washout period is 3-10 days at each cross-over stage. Not clear why this variation in washout period, nor is it clear what 
effect this variation in washout period might have on the study outcome 

Reference / Citation  253 
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Q 62 What are the optimum methods of management for sexual dysfunction in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Rendell, M. S., Rajfer, J., Wicker, P. A., Smith, M. D. (1999). Sildenafil for treatment of erectile dysfunction in men with 
diabetes: A randomized controlled trial. JAMA, 281,5, 465-426. 

N= Total N=268 participants, Sildenafil =136, Placebo =132 
United States 
Sites=19  

Research Design RCT multi-centre, randomised, double-blind, placebo controlled, flexible dose-escalation study. 
Aim To assess the efficacy and safety of oral sildenafil citrate in the treatment of erectile dysfunction in men with diabetes. 
Population Patients were randomised to receive sildenafil or placebo as needed, but no more than once daily, for 12 weeks. Patients took 

the study drug or placebo 1 hour before anticipated sexual activity. The starting dose off sildenafil was 50mg, with the option 
to adjust the dose to 100mg or 25mg based on the efficacy and tolerability, to be taken as needed. 

Intervention Patients were included if they had: 
Medically documented ED (as defined by the National Institutes of Health Consensus Panel) which was documented in the 
prior medical record to be at least 6 months duration 
A clinical diagnosis (as defined by the National Diabetes Group) of at least 5 years duration of Type I and at least 2 years 
duration for Type II. 

Comparison Sildenafil (orally at 100mg/day (for 93% of intervention group) 

Outcome A control of placebo  
Characteristics (IIEF) Self-administered International Index of Erectile Function. 

Global Efficacy Questionnaire (Did the treatment improve your erections?) 
Event log in which patients recorded the number of attempts at sexual intercourse and the number of attempts that were 
successful. 

Results  (IIEF) Self-administered International Index of Erectile Function. 
By ITT analysis, at 12 weeks, the least squares mean score to the IIEF questions assessing the ability to achieve (Q3) and 
maintain (Q4) erections demonstrated significant improvements among patients receiving sildenafil compared with those 
receiving placebo (p less than0.001). For question 3, the mean score was 3.2 for patients in the sildenafil group compared with 
2.0 for those in the placebo group, which represent increases from baseline of 78% and 25% respectively. For question 4, the 
sildenafil group had a 93% increase compared with a 14% increase for the placebo group. 
Of the remaining 13 questions of the IEFF, mean scores for 11 questions assessing other aspects of male sexual function 



National Collaborating Centre 
for Chronic Conditions 

 

Page 10 of 106 

showed significant improvements for the sildenafil group compared with the placebo group (p less than0.001).  
The mean scores for IEFF questions 11 and 12, which assessed frequency of sexual desire and the level of sexual desire, 
indicated no statistically significant differences between the two groups (p=.71 and p=.17). 
Global Efficacy Questionnaire  
56% of patients taking sildenafil reported improved erections compared with 10% taking placebo (p less than0.001). 
Event log  
The proportion of attempts at sexual intercourse that were successful during the last 4 weeks of treatment was significantly 
greater for all patients. The proportion of men reporting this was 48% in the sildenafil group compared with 12% in the 
placebo group (p less than0.001). The proportion of men with at least 1 successful attempt at intercourse was 61% for the 
sildenafil group vs 22% for the placebo group (p less than0.001). 
Treatment with sildenafil significantly improved erectile function across all 3 efficacy variables regardless of patient age (p 
less than0.002 vs placebo), the duration of ED (p less than0.001 vs placebo) and the duration of diabetes (p less than0.001). 
Each of the 3 efficacy variables demonstrated a significant improvement with sildenafil treatment in patients with type 2 
diabetes (p less than0.001 vs placebo). 2 of 3 variables were significantly improved with sildenafil treatment in patients with 
type I diabetes (P less than0.03 vs placebo). 
 
Adverse events related to treatment were reported for 22 (16%) of 136 patients taking sildenafil and 1 (1%) of 132 patients 
receiving placebo. The most common adverse events were headache (11% sildenafil, 2% placebo), dyspepsia (9% sildenafil, 
0% placebo), and respiratory tract disorder (6% sildenafil, 2% placebo), predominantly sinus congestion or drainage.  
The incidence of cardiovascular adverse events was comparable for both groups (3% sildenafil, 5% placebo). 

Hierarchy of Evidence Grading Ib 

Comments No Confidence intervals available 
Reference / Citation   
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12.2 Diagnosis and management of autonomic neuropathy 
 

 
 

Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Desautels, S. G., Hutson, W. R., Christian, P. E., Moore, J. G., & Datz, F. L. 1995, "Gastric emptying response to variable oral 
erythromycin dosing in diabetic gastroparesis.", Digestive Diseases & Sciences., vol. 40, no. 1, pp. 141-146. 

N= n=10 in cross over design with 3 periods 
USA 

Research Design Randomised controlled trial 
Aim To examine the effects on gastric emptying of two different oral dosages of erythromycin in people with diabetic gastroparesis 
Population Type 1 diabetes 
Intervention Erythromycin base 250 mg, or erythromycin base 1000 mg (orally) as a one off dose  
Comparison Intervention was compared to a matching placebo tablet 
Outcome Rates of liquid and solid emptying were recorded at 1 minute intervals to 3 hours post test meal, adverse events and blood 

glucose concentrations were also recorded to the same time 
Thirty minutes after test medication administration, the subjects ingested a radio nuclide meal consisting of 150 g of beef 
stew, and 50 g of canned liver pate,  and 150 g of orange juice. The meal contained 204 kcal, (67% carbohydrate, 15% protein, 
and 18% fat) and was ingested within 5 min by all subjects. 
Sequential 1-min images were taken immediately after ingestion of the meal using an externally positioned gamma camera 
with a medium energy collimator. Geometric means were calculated and corrected for radioactive decay, Compton scatter, and 
gamma ray attenuation.  
The gastric emptying curves for solid and liquid components were plotted as the fraction of meal remaining against time; the 
counts obtained at time zero were considered to represent 100% 

Characteristics Age =61.5 yrs, Male =100%, Duration of diabetes =16yrs, HbA1c =10.1%. 
Results  Although there was some improvement in liquid- phase gastric emptying compared to placebo, this was not statistically 

significant.  
In terms of gastric emptying of solids there was a highly significant difference in gastric emptying between placebo, 
erythromycin 250 mg, and erythromycin 1000 mg (P = 0.0007) This was demonstrated with a time of empting of half of the 
meal of 156 ± 40 min with placebo, compared with a time of 57 ±9 min with 250 mg erythromycin, and 39 ±9 min with 
1000mg erythromycin.  
One subject developed diarrhoea after ingestion of the 1000-mg dose of erythromycin. 
There were no significant differences in glucose levels during the study between placebo and either erythromycin dose 

Hierarchy of Evidence Grading Ib 
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Comments All participants were demonstrated to have gastro- paresis based on a previous gastric emptying radionuclide study 
Oral erythromycin significantly improved gastric emptying rates for solid-phase meal components, but not for liquids in 
people with diabetic gastroparesis.  
Improvements in gastric emptying in people with diabetic gastroparesis with a simplified oral route of administration and 
without side effects. 
Insufficient sample size to conclude that a difference did not exist between the 250-mg and 1000-mg doses of erythromycin. 

Reference / Citation 264 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Janssens, J., Peeters, T. L., Vantrappen, G., Tack, J., Urbain, J. L., De Roo, M., Muls, E., & Bouillon, R. 1990, "Improvement 
of gastric emptying in diabetic gastroparesis by erythromycin. Preliminary studies", N Engl J Med, vol. 322, no. 15, pp. 1028-
1031. 

N= n=10 in cross over design 
Belgium 

Research Design Randomised controlled trial 
Aim To examine the effect of erythromycin on the impaired gastric emptying of people with severe diabetic gastroparesis 
Population Type 1 diabetes 
Intervention 200 mg of erythromycin was infused intravenously over a 15-minute period after the meal.  
Comparison A control was infused placebo   
Outcome The outcomes measured were percentages of both solids and of liquid remaining in the stomach after the standard meal, at 1 

hour and 2 hours after digestion of the meal 
The simultaneous gastric emptying of liquids and solids was determined scintigraphically with a double-isotope technique. 
The technique used a standardized meal consisting of one scrambled egg , two slices of bread, and 150 ml of water. The 
weight of the solids was 110 g, and they contained 0.966 MJ (231 kcal), consisting of 35 percent fat, 47 percent carbohydrate, 
and 18 percent protein. The meals were eaten in a mean (±SE) period of 8±2 minutes.  
Images were obtained every 10 minutes for one hour and then every 15 minutes for another hour. The results were expressed 
as the percentages of solids and liquids remaining in the stomach over time after the completion of the meal. 

Characteristics Age =51yrs, Male =30%, Duration of Diabetes =24yrs, HbA1c =8.0%, Type 1 diabetes =100% 
Results  Erythromycin markedly accelerated the extremely slow gastric emptying of solids in those with diabetic gastroparesis. With 

85 ±7% of solids remaining in the stomach with placebo at 1 hour compared to 21 ±5% with erythromycin (p less than0.005), 
this effect was also seen at 2 hours 
Erythromycin accelerated the severely impaired emptying of liquids in the people with diabetes, with only 22 ±5% of liquid 
remaining in the stomach at 1 hour with IV erythromycin compared to 54 ±5% with placebo 
There were no outcomes recorded regarding adverse events during the cross-over study period 

Hierarchy of Evidence Grading Ib 
Comments Study is too short to allow valid conclusions about the effect of the drug on long-term control of diabetes.   

The participants’ blood glucose concentrations were maintained between 5.5 and 8.3 mmol per litre by combined infusions of 
insulin and glucose during the fast and the subsequent study period.  No other concomitant therapy was given to either group 
The effect of erythromycin on gastric emptying in people with severe diabetic gastroparesis seems to confirm the drug’s 
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strong gastro-kinetic effect 
All people in study had chronic gastroparesis that was refractory to other treatments. 
Small sample size makes extrapolation to a wider population difficult 

Reference / Citation 266 
 
 



National Collaborating Centre 
for Chronic Conditions 

 

Page 15 of 106 

 

 
 

Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Samsom, M., Jebbink, R. J., Akkermans, L. M., Bravenboer, B., van Berge-Henegouwen, G. P., & Smout, A. J. 1997, "Effects 
of oral erythromycin on fasting and postprandial antroduodenal motility in patients with type I diabetes, measured with an 
ambulatory manometric technique.", Diabetes Care, vol. 20, no. 2, pp. 129-134. 

N= n=12 in crossover design 
Research Design Randomised controlled trial 
Aim To evaluate the effects of oral erythromycin on inter-digestive and postprandial gastrointestinal motility and dyspeptic 

symptoms in people with type 1 diabetes 
Population Type 1 diabetes The people with diabetes were selected on the presence of dyspeptic symptoms, such as nausea, vomiting, 

early satiety, fullness, bloating, and abdominal pain. Mechanical obstruction or other diseases responsible for these symptoms 
were ruled out by means of endoscopy of the upper intestinal tract and ultrasound examination 

Intervention Erythromycin stearate 250g (orally) three times daily, 30 min before the meal for 14 weeks 
Comparison This was compared to a placebo tablet for the same period 
Outcome The inter-digestive phases were defined as follows: 2) phase I: motor quiescence starting after the end of phase III, 2) phase II: 

pressure waves greater than2 kPa occurring at a rate higher than two per 10 min and less than the maximum frequency of the 
antrum (three contractions/min) or the duodenum (10-12 contractions/min), and 3) phase III rhythmic contractile activity at 
the maximum frequency (three contractions/min) in poi] the antrum for at least 1 min and in the duodenum (10-12 
contractions/min) for at  least 2 min. Phase III had to be propagated over at lea over at least two recording sites and followed 
by motor quiescence. The manometric data were analysed visually to determine the position of the pressure transducers and to 
examine pathological motility patterns, using commercially available software, this was carried out over a 20hour period. 
Symptom scores for the severity of dyspeptic symptoms were also recorded daily for 14 days 
Antro-duodenal motility was studied during a 20-h  period, using a commercially available meal (stew, mixed vegetables, and 
potatoes; 1,805 kj; 27 g protein, 29 g carbohydrate, 23 g fat; together with 200 ml water or tea was taken at 6:00 P.M. At 8:00 
A.M., they took a standardized breakfast consisting of two slices of bread with margarine and jam (1,140 kj; 1 g protein, 48 g 
carbohydrate, 10 g fat) and 200 ml water or tea. At 12:0 Antro-duodenal motility was recorded using a six-channel solid-state 
manometric catheter connected to a portable data logger  
The symptoms of nausea, vomiting, early satiety, bloating, fullness, and abdominal pain were each scored at10:00 P.M. daily, 
according to a 3 point grading system, validity not specified, 
A surveillance for adverse events included weekly visits to the hospital with biochemical analysis of blood samples  

Characteristics Age =43yrs, Male =25%, Duration of diabetes =26yrs, HbA1c =9%, Type 1 diabetes =100% 
Results  No clinical or bio- chemical side effects were observed during erythromycin treatment. The blood glucose concentrations 

during 2 weeks of erythromycin or placebo treatment showed no statistically significant difference 
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During fasting The total number of phase III during erythromycin treatment was 62, compared with 48 during placebo which 
was not significant 
There was a decrease in the length of the migrating motor complex (MMC) during erythromycin treatment, compared with 
placebo  86.2 ± 25.3 Vs. 118.9 ± 46.0 min (P = 0.03). 
The postprandial pattern showed erythromycin significantly decreased the duration of the post- prandial motor Pattem, from 
417.0 ± 137.9 to 348.8 ± 93.8 min (P = 0.04).  
After dinner the number of distal antral contractions (P less than 0.01) and motility index (P less than 0.03) were significantly 
increased by erythromycin. After breakfast, there were no such increases 
In the total group, the mean symptom score did not improve during erythromycin treatment compared to placebo  
No correlation between antroduodenal motility parameters and the individual symptoms, except for phase III, which was 
invariably associated with nausea. 

Hierarchy of Evidence Grading Ib 
Comments It is unlikely that blood glucose concentrations have influenced the results of erythromycin treatment presented in this study. 

There is no validation of symptom scoring and therefore results may not be reproducible, with unknown effects on outcomes 
There was a one week washout period but no test to see if this was adequate, wit potential contamination of intervention and 
therefore decreased treatment effect. 

Reference / Citation 265 
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Q58 In adults with Type 1 diabetes, what are the symptoms suggestive of a diagnosis of autonomic neuropathy? 
 

Author / Title / Reference / Yr  Ewing, D. J. & Clarke, B. F. 1986, "Autonomic neuropathy: its diagnosis and prognosis.", Clin Endocrinol Metab, vol. 15, no. 
4, pp. 855-888. 

N= Over 170 references 
Research Design Review 
Aim To review the diagnosis and prognosis of autonomic neuropathy 
Population Not specific to Type 1 diabetes 
Intervention N/A 
Comparison N/A 
Outcome Diagnosis of Autonomic neuropathy 
Characteristics N/A 
Results  Autonomic nerve damage can be found in many people with diabetes without an manifest symptoms being present 

As autonomic symptoms are often vague and can present insidiously the majority of autonomic neuropathy in people with 
diabetes may go unrecognised for a considerable time 
Symptoms may be attributed to the diabetes itself an thus can be interpreted incorrectly 
A mixed presentation is usual, with a variable combination of postural hypotension, nocturnal diarrhoea, gastric problems, 
bladder symptoms, abnormal sweating, impotence, or a failure to recognise hypoglycaemia 
People with severe symptoms may have advanced retinopathy, nephropathy, and somatic neuropathy 
Diagnosis by symptoms may be patchy due to the variability of the clinical features 

Hierarchy of Evidence Grading IV 
Comments Short section on clinical presentations as part of a wider review including tests 

Many cited references 30+ years old 
Reference / Citation 256 
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Q58 In adults with Type 1 diabetes, what are the symptoms suggestive of a diagnosis of autonomic neuropathy? 
 

Author / Title / Reference / Yr  Levitt, N. S., Stansberry, K. B., Wynchank, S., & Vinik, A. I. 1996, "The natural progression of autonomic neuropathy and 
autonomic function tests in a cohort of people with IDDM", Diabetes Care, vol. 19, no. 7, pp. 751-754. 

N= 76 People recruited consecutively over 3 months from a hospital diabetes clinic in 1981 
Research Design Follow up study 
Aim People with diabetes followed up for progression of Autonomic symptoms and cardiovascular autonomic neuropathy measures 

over 9 years 
Population Type I diabetes 
Intervention Symptoms of autonomic neuropathy were assessed by a standard questionnaire, covering gastroparesis, diarrhoea, impotence, 

loss of vaginal lubrication, hypoglycaemic unawareness, and postural hypotension 
Progression of clinical symptoms of autonomic neuropathy were analysed using chi squared test 

Comparison N/A 
Outcome 5 standard cardiovascular tests were performed to determine cardiac autonomic neuropathy, including R-R ration, changes in 

heart rate with deep breathing, R-R variation with the Valsalva manoeuvre , response to blood pressure of sustained hand grip , 
and resting heart rate. 
 

Characteristics Male =57%, Age =28.5 yrs, Duration of diabetes =4.6 yrs 
Results  All of the cardiac function tests were worse in people who died in the 9 year follow up than survivors 

Of the autonomic symptoms recorded only symptoms of gastroparesis progressed significantly over the study period, with only 
1 person reporting symptoms at baseline and in 8 people at 9 years with no recoveries reported (p less than0.01) 
The following symptoms of autonomic neuropathy occurred at 9 years: gastroparesis (13%), diarrhoea (2%), impotence (7%), 
loss of vaginal lubrication (9%), hypoglycaemic unawareness (8%), and postural hypotension (2%). 
There is a tendency for some symptoms such as hypoglycaemic unawareness to recover. 
There was no correlation of the onset of gastroparesis with any of the tests of autonomic function 

Hierarchy of Evidence Grading IV 
Comments Focusing on cardiac autonomic neuropathy 
Reference / Citation 254 
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Q58 In adults with Type 1 diabetes, what are the symptoms suggestive of a diagnosis of autonomic neuropathy? 
 

Author / Title / Reference / Yr  Ryder, R. E. J., Dent, M. T., & Ward, J. D. 1992, "Testing for diabetic neuropathy, part two: Autonomic neuropathy", Practical 
Diabetes, vol. 9, no. 2, pp. 56-60. 

N= 53 references 
Research Design Review 
Aim To review testing for autonomic neuropathy 
Population Not specific to Type 1 diabetes 
Intervention N/A 
Comparison N/A 
Outcome Diagnosis of Autonomic neuropathy 
Characteristics N/A 
Results  Symptomatic autonomic neuropathy is relatively uncommon, but is associated with poor prognosis 

Symptoms which may be due to autonomic neuropathy in people with diabetes include: impotence, unexplained diarrhoea, 
faecal incontinence, unexplained urinary symptoms e.g. increased period between micturition, muted sensation of bladder 
fullness, frequency, urinary incontinence, unexplained bladder dilation, postural dizziness or faintness, gustatory sweating, dry 
feet, unexplained bloating, early satiety, fullness, nausea, vomiting, unexplained dysphagia, unexplained ankle oedema. 
Tests for autonomic neuropathy may help support or counter possible neuropathic aetiology 

Hierarchy of Evidence Grading IV 
Comments A review focusing on tests for autonomic neuropathy in people with diabetes, but mention of symptoms in introduction 

Symptoms of diabetic autonomic neuropathy referenced to a book chapter 
Reference / Citation 255 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Athyros, V. G., Didangelos, T. P., Karamitsos, D. T., Papageorgiou, A. A., Boudoulas, H., & Kontopoulos, A. G. 1998, "Long-
term effect of converting enzyme inhibition on circadian sympathetic and parasympathetic modulation in patients with diabetic 
autonomic neuropathy", Acta Cardiologica, vol. 53, pp. 201-209. 

N= n=60 quinapril =30, placebo =30 
Greece 

Research Design Randomised controlled trial 
Aim A study to investigate the effect of quinapril on the circadian pattern of heart rate variability (HRV) in people with definitive 

DAN 
Population Type 1 and Type 2 diabetes population 
Intervention An intervention of Quinapril (oral) at 20 mg/day  
Comparison Compared to placebo control 
Outcome Test of heart power (including high frequency and low frequency power) and the root mean square of the differences of 

successive R-R intervals of all 2 minute segments by 24 hour electrocardiogram monitoring at 0 and 12 months. Analysis was 
split into 3 lots of 8 hour time periods to assess effect on circadian cycle 
HRV analysis was undertaken using the cardiolight system with a solid state digital electrocardiogram recorder, with a 
programme to automatically detects abnormal QRS complexes and filters them out so that HRV is calculated only on normal 
R-R intervals. The accuracy of recording has previously been validated. 

Characteristics Age =50yrs, Male =40%, Type of diabetes =not stated 
Results  Compared to placebo after 12 months quinapril had a beneficial effect on all normalised frequency domains for all time periods 

studies 
The low frequency power to high frequency power ration (LFP/HFP) was 3.5 between 7:00 am and 15:00 pm with quinapril 
and 5.4 on placebo. From 15:00 to 23:00 the ratios were 3.4 and 4.8 with quinapril and placebo respectively, and between 
23:00 and 07:00 the ration with quinapril was 3.1 compared to 4.9 on placebo (p less than0.001 for all) 
Heart rate at 12 months was found to be lower with quinapril than placebo 81 ± 1.3 BPM Vs 87 ± 2.1 BMP (p less than0.001) 
There were no significant changes in blood pressure recordings between the groups over 12 months 
During the study period there were no complications of DAM or side effects and there were no hospitalisations in either study 
group 

Hierarchy of Evidence Grading Ib 
Comments DAN defined as abnormal results in two of the standard reflex test 

The trial was double blinded with outcome assessments of heart rate variability (HRV) performed blindly by one of the 
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investigators 
Haemodynamics may not have been equal across the groups with unknown effect on outcomes 
This study provided results that are widely applicable to people with diabetes and with established autonomic neuropathy who 
are normotensive   
Improved LFP/HFP ration both during mornings and Night, time intervals at which these indices are most adversely affected 
and acute cardiovascular episodes display a relatively high occurrence with quinapril has been demonstrated 
It is possible that improvement of indices related to autonomic function in people with DAN may prove to be beneficial in 
clinical practice 

Reference / Citation 262 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Didangelos, T. P., Karamitsos, D. T., Athyros, V. G., & Kourtoglou, G. I. 1998, "Effect of aldose reductase inhibition on 
cardiovascular reflex tests in patients with definite diabetic autonomic neuropathy over a period of 2 years", Journal of Diabetes 
& its Complications, vol. 12, no. 4, pp. 201-207. 

N= n=70 Tolrestat =35, placebo =35  
Greece 

Research Design Randomised controlled trial 
Aim A study to investigate the effect of Tolrestat on Diabetic Autonomic Neuropathy (DAN) over a period of 2 years on standard 

cardiovascular autonomic function tests compared with placebo 
Population Both Type 1 and Type 2 diabetes 
Intervention An intervention of 200 mg/day Tolrestat (orally) for 2 years 
Comparison Compared with a control of placebo 
Outcome Five parameters of cardiac rhythm are evaluated, and autonomic function tests of Heart rate variation, Valsava manoeuvre, 

Postural Index, and Blood pressure response to standing all evaluates every 3 months to 2 years, with Glycated Haemoglobin 
also recorded 
Cardiac rhythm in 5 parameters was assessed by a monitor device, and the autonomic function tests were performed according 
to consensus statement of the American Diabetes Association and the American Academy of Neurology. 

Characteristics Age =55yrs, Male =40%, Type 1 diabetes =31%, Symptomatic diabetic autonomic neuropathy =8%, duration of diabetes 
+18yrs, HbA1C =8.8% 

Results  All measures of autonomic function significantly declined over the 2 years when on placebo and improved with Tolrestat. 
Expiration / inspiration ratio improved significantly compared to placebo after 15 months (p less than0.05, no absolute figures 
for group means and standard errors available as data only presented in figures) 
There were significant increases in indices of postural index, mean circular resultant of R-R, standard deviation of R-R, and 
Valsava ration at and thereafter 18, 21, 21, and 24 months respectively (p less than0.05 for all, no absolute figures for group 
means and standard errors available as data only presented in figures) 
Postural hypotension with Tolrestat was reduced significantly compared with placebo at 6 months (p less than0.05, no absolute 
figures for group means and standard errors available as data only presented in figures) 
Changes in autonomic function parameters were not influenced by changes in HbA1c levels as demonstrated by subgroup 
analysis of those with high or low levels 

Hierarchy of Evidence Grading Ib 
Comments People defined as DAN if two or more of the autonomic function tests proved positive 
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Of the 35 people randomised to the intervention group 3 (9%) withdrew due to significant increase in transaminases levels and 2 
(6%) were lost to follow up. In the Placebo group 3 people were lost to follow up (9%)  
The exclusion from the analysis of the 3 people from the intervention group who were withdrawn due to side effects might 
overstate effectiveness if these same people were gaining less benefit from the intervention drug compared to the rest of this 
group (analysis not performed) 
No results table 
Long outcome assessment 
Trial curtailed at 2 years as Tolrestat withdrawn due to lack of efficacy in peripheral neuropathy 
9% withdrawal from intervention arm due to high values of aspartate aminotransfase, and alanine aminotransfase. No significant 
changes were found in values of haematocrit, haemoglobin, white blood count, or platelets 
People defined as Dan if two or more of the autonomic function tests proved positive 
No evidence than Tolrestat can affect autonomic function tests with mechanisms other than improvement in autonomic nervous 
function system 
Absolute figures for group means and standard errors not available as data only presented in graphic form, p values less 
than0.05 for comparisons with baseline and between groups are indicated 

Reference / Citation 260 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Faes, T. J., Yff, G. A., DeWeerdt, O., Lanting, P.,  Heimans, J. J., & Bertelsmann, F. W. 1993, "Treatment of diabetic autonomic 
neuropathy with an aldose reductase inhibitor", Journal of Neurology., vol. 240, no. 3, pp. 156-160. 

N= n=24, Statil =18, Placebo =16 
Holland 

Research Design Randomised controlled trial 
Aim A study to test the efficacy of Ponalrestat (Statil) in people with diabetic autonomic neuropathy in terms of clinical symptoms 

and neuro-physiological parameters. 
Population Type 1 and Type 2 diabetes 
Intervention An intervention of 600mg/day Statil (orally) for 24 weeks 
Comparison A comparison to a control of placebo 
Outcome Symptom scores and neuro-physiological parameters were assessed in all people participating in the trial at baseline, 4 weeks 

and at 24 weeks, with safety parameters and HbA1c recorded at 4 weekly intervals. Not all outcomes were measured in all 
people, because of proliferative retinopathy the Valsava manoeuvre was performed only in 8 
Symptom scores are evaluated as an overall rating of neuropathy symptoms (both sensory, motor, and autonomic disturbances) 
on a 4 point scale, no details of validation of this method are given. Heart rate variations during 6 deep breaths were evaluated 
by ECG, Heart rate response to standing was measured as was response to Valsalva manoeuvre, Pupillary light reflex was 
documented as measured from six artefact-free responses, and skin vasomotor reflex investigated after cooling the persons left 
arm and recording skin temperature decrease in the left big toe (with established reference values) 

Characteristics Age =48yrs, Male =71%, Type 1 Diabetes =91%, duration of diabetes =18yrs 
Results  There was an equal decrease in symptom scores over 24 weeks for both study groups 

There were no significant changes in autonomic functions in any of the tests to favour Statil, e.g. Exhalation / inhalation ratio of 
1.088 ± 0.023 on Statil and 1.094 ± 0.024 with placebo 
Differences within groups from baseline and between groups in terms of HbA1c were not significant. 
No side effects were reported 

Hierarchy of Evidence Grading Ib 
Comments Autonomic neuropathy defined as an expiration / inspiration ration (E/I) in response to deep breathing of less than the 5th 

percentile limit for age related normal ranges 
Three withdrew during the placebo run-in and during the trial period 2 people withdrew from either group (statil =11%, placebo 
=12%)  
The lack of comparison of those who withdrew and those who competed may have reduced effects seen if the one person who 
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withdrew from the placebo group due to retinal haemorrhage was benefiting less from the placebo than the others. 
Not all outcomes are measured in all people making significant differences harder to achieve 
Autonomic neuropathy defined as an expiration / inspiration ration (E/I) in response to deep breathing of less than the 5th 
percentile limit for age related normal ranges 
Small sample size and relatively high attrition rates 
Short follow up period 
Results of autonomic function tests are not influenced by changes in glycaemic control 
It is possible that people in this trial had already irreversible nerve damage 

Reference / Citation 258 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Gill, J. S., Williams, G., Ghatei, M. A., Hetreed, A. H., Mather, H. M., & Bloom, S. R. 1990, "Effect of the aldose reductase 
inhibitor, ponalrestat, on diabetic neuropathy", Diabete et Metabolisme, vol. 16, pp. 296-302. 

N= n=30, Ponalrestat =17, placebo =13 
UK 
4 sites 

Research Design Randomised controlled trial 
Aim A study to examine the effect of Ponalrestat upon peripheral and autonomic neuropathy in people with diabetes 
Population Type 1 and Type 2 diabetes 
Intervention An intervention with 600mg Ponalrestat (orally) every morning for 16 weeks 
Comparison A control of matching placebo  
Outcome Outcomes of autonomic and peripheral neuropathy were measured every 4 weeks to week 16 and heart rate variability studied at 

baseline and week 16 
A questionnaire regarding symptoms of autonomic neuropathy was self completed with scores of 1 to 4 on items of nocturnal 
diarrhoea, difficulty in urinating, failure of erection and/or ejaculation, gustatory sweating, dizziness on standing and diminished 
awareness of hypoglycaemia. This tool had no validation. 
Routine haematological examination was undertaken and circulating peptide studies conducted as well as test for peripheral 
neuropathy 

Characteristics Age =57yrs, Male =60%, duration of diabetes =12yrs, Type 1 diabetes =57% 
Results  The mean vibration perception threshold improved significantly with Ponalrestat compared to placebo by about 1.5 volts, 41.8  

Vs 43.5 volts respectively at week 16 (p-0.04) 
Heart rate variability, pulse and blood pressure responses to standing and autonomic neuropathy symptom scores showed no 
significant differences between groups 
Two people developed erythematous rashes (one from either group) but both healed spontaneously without the withdrawal of 
therapy 

Hierarchy of Evidence Grading Ib 
Comments The presence of autonomic neuropathy was assessed by heart rate variability in response to deep breathing. Six deep breaths 

were taken in one minute and with an ACG recording a variation in the R-R interval of less than 12 beats using the mean of 
three consecutive cycles was considered indicative of autonomic neuropathy 
The lack of definition of standardisation of groups at baseline makes evaluation of endpoints difficult without comparisons of 
changes from baseline being made, with potentially outcomes overstated if those in the control group had lower values at 
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baseline 
Outcomes for self evaluated symptoms of autonomic neuropathy may be masked by intra-rater unreliability thus diminishing 
effects seen 
There was no treatment by site interaction 
People required documented autonomic neuropathy for inclusion and were rejected if they had other possible causes for 
neuropathy, or were taking any other drugs, which would effect heart rate variability 
Further studies particularly in people with diabetes and a shorter disease duration or with less advanced neuropathy need to be 
undertaken 
A small trials with short follow up period, but with clinical outcomes reported 

Reference / Citation 247 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Kontopoulos, A. G., Athyros, V. G. , Didangelos, T. P., Papageorgiou, A. A., Avramidis, M. J., Mayroudi, M. C., & Karamitsos, 
D. T. 1997, "Effect of chronic quinapril administration on heart rate variability in patients with diabetic autonomic neuropathy", 
Diabetes Care., vol. 20, no. 3, pp. 355-361. 

N= n=40 Quinapril=20, placebo =20 
Greece 

Research Design Randomised controlled trial 
Aim  A study to investigate the effect of quinapril compared to placebo on the heart rate variability level of people with diabetic 

autonomic neuropathy (DAN) 
Operational Definition DAN established by an abnormal result in one or more of the standard cardiovascular tests of autonomic function 
Population Type 1 and Type 2 diabetes 
Intervention An intervention of Quinapril (oral) at 20 mg/day 
Comparison Therapy was compared to placebo control 
Outcome Test of heart power (including high frequency and low frequency power) and the root mean square of the differences of 

successive R-R intervals of all 2 minute segments by 24 hour electrocardiogram monitoring at 3 and 6 months 
HRV analysis was undertaken using the cardiolight system with a solid state digital electrocardiogram recorder, with a 
programme to automatically detects abnormal QRS complexes and filters them out so that HRV is calculated only on normal R-R 
intervals. The accuracy of recording has previously been validated. 

Characteristics Age =51yrs, Male =43%, Type I diabetes =48%, Duration of diabetes =15yrs, HbA1c =8.4% 
Results  Total power among people in the quinapril group was greater than in the placebo group at 6 months (13,136 ± 1,071 ms2 Vs 

8,670 ± 706 ms2 respectively) (p less than0.05). 
Similarly high frequency power at 6 months was significantly increased in the quinapril group 133±27 ms2 compared to the 
placebo group 80±11 ms2 (p less than0.01) 
There was a significant increase in the outcome of heart rate variability in all measures with quinapril compared to placebo at 
both 3 and 6 months periods (p less than0.05) 

Hierarchy of Evidence Grading Ib 
Comments No details of relative drop out rates from intervention and control groups will overstate efficacy of intervention if more people 

who were not responding to intervention dropped out and per protocol analysis used 
No formal comparison was made of demographic characteristics of the control and intervention group, but HRV was not 
significantly different at baseline 
Quinapril significantly augmented the recovery of heart rate variability indices compared with placebo in both time and 
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frequency domains 
A small sample size and medium follow up period 
A control group of people with diabetes and no autonomic neuropathy taking quinapril for other reasons might have been useful 
but a hard sample to find given study exclusion criteria 

Reference / Citation 261 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Sundkvist, G., Armstrong, F. M., Bradbury, J. E., Chaplin, C., Ellis, S. H., Owens, D. R., Rosen, I., & Sonksen, P. 1992, 
"Peripheral and autonomic nerve function in 259 diabetic patients with peripheral neuropathy treated with ponalrestat (an aldose 
reductase inhibitor) or placebo for 18 months", Journal of Diabetes & its Complications, vol. 6, no. 2, pp. 123-130. 

N= n=315, Ponalrestat =216, placebo =99 
Norway, Sweden, UK. 
22 sites 

Research Design Randomised controlled trial 
Aim An evaluation of the potential of Ponalrestat to improve sensory, peripheral and autonomic nerve function in people with 

diabetes with signs of peripheral neuropathy 
Population Type 1 and Type 2 Diabetes 
Intervention An intervention of 600 mg Ponalrestat daily as a continuous therapy 
Comparison A placebo control 
Outcome Objective sensory testing, electrophysiological evaluation of nerves, and Autonomic nerve function were evaluated at 6, 12, and 

18 months 
Reproducibility test were carried out at all participating sites and values of 1.5 to 24.4% were achieved. HbA1c was determined 
by routine methods 

Characteristics Age =46yrs, Male =78%, Duration of diabetes =20 yrs BMI =25, Type of diabetes =not stated 
Results  HbA1c remained unchanged during the trial period and did not effect any of the variables 

Sensory tests and nerve assessment found no significant changes between the groups 
In terms of Autonomic nerve function the 30:15 heart rate response to standing was significantly higher in people on Ponalrestat 
1.16 ± 0.16 as compared to placebo 1.11 ± 0.11 at 12 months (p=0.027) 
The difference in heart rate response to standing was more significant in a subgroup of people with abnormal scores at baseline 
(p=0.06) 
There were no differences in the frequency of adverse events between the groups over the course of the study (data not shown) 

Hierarchy of Evidence Grading Ib 
Comments Autonomic nerve function was evaluated by heart rate response to standing, to deep breathing , and to Valsalva manoeuvre with 

abnormalities being defined as a value below the 5th percentile of a healthy reference population. 
Of 315 people recruited 18 (6%) were later found not to have met inclusion criteria and were not analysed. 24 (8%) of the 
people on Ponalrestat and 19 (6%) of those on placebo withdrew from the study and their data was only used up to the time of 
withdrawal 
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There may be bias from the withdrawals if they were demonstrating different efficacy than those who remained in the trial no 
analysis undertaken 
Statistical significance found in heart rate response as intervention group remained similar to baseline and placebo group 
deteriorated 
The lack of improvement in glycaemic control suggests that factors other than metabolic control may be of importance for the 
development and progression of diabetic complications 
People recruited were those with peripheral neuropathy, only 1/3 showed abnormal autonomic neuropathy test results 
Power calculations undertaken before commencement of project 

Reference / Citation 259 
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Q59 What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Wehrmann, T., Lembcke, B., & Caspary, W. F. 1991, "Influence of cisapride on antroduodenal motor function in healthy subjects 
and diabetics with autonomic neuropathy", Alimentary Pharmacology & Therapeutics., vol. 5, no. 6, pp. 599-608. 

N= n=15 in cross over design 
Germany 

Research Design Randomised controlled trial 
Aim A study to examine the influence of cisapride on manometric parameters of antroduodenal motility in order to differentiate the 

effect on motor activity and antroduodenal co-ordination as potential mediators for improved gastric emptying 
Population Type 1 and Type 2 diabetes 
Intervention An intervention of 20mg cisapride taken orally with 30 ml of tap water 
Comparison A matching placebo tablet was used as control 
Outcome Outcomes of antral and duodenal motility are assessed and antroduodenal co-ordination calculated both for 3 hours while fasting, 

then post=prandial motility tested for 2 hours after a standard 500 Kcal meal and 2 pieces of white bread 
Mean duration and number if inter-digestive motility cycles were measured by internationally accepted standards for defining 
phases I, II, and III. Antral motility index, duodenal motility index and antroduodenal co-ordination were derived. A manometric 
catheter were connected to pressure transducers and their electrical impulses digitalised using an analogue-digital converter and 
recorded on line with a PC 

Characteristics Age =54yrs, Male =53%, Type 1 diabetes =20%, Duration of diabetes =13yrs 
Results  Fasting motility 

6 of 15 people on placebo and 5 while on cisapride did not record any phase III activity during the 3 hour evaluation period 
Neither antral or duodenal motility rose with cisapride compared to placebo 
Among the people with diabetes with autonomic neuropathy antroduodenal co-ordination was improved by cisapride 32.8 ± 12 
compared to placebo 23.4 ± 10 (p=0.05) 
Post-prandial motility 
The antral motility index rose from 12.3 ± 1.0 on placebo to 13.8 ±0.9 after cisapride (p less than0.05) 
There was no significant difference in duodenal motility index between the groups when on placebo or cisapride. 
There was a significantly significant (p less than0.05) increase in antroduodenal co-ordination when on cisapride 41.2 ± 14 as 
compared to when on placebo 29.5 ± 15 

Hierarchy of Evidence Grading Ib 
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Comments The presence of cardiac autonomic neuropathy was confirmed by computer assisted ECG analysis. 
Lack of assessment of wash out period may have reduced effects if contamination of intervention and control occurred.  
Confounding factor of glycaemic control during study period not adjusted for 
People in the trial were given an additional insulin injection after 30 to 60 mins of monitoring glucose levels post meal ingestion 
if levels exceeded 180 mg/dl to avoid the influence of glycaemic control an antral motility confounding the results 
Increased antroduodenal co-ordination is essential in accelerating gastric emptying after cisapride administration and might be the 
critical factor in people with diabetes with disturbed antroduodenal motor function. 
Minority of type 1 diabetes 
Short term outcomes with no clinical parameters recorded 

Reference / Citation 263 
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Q60 In adults with Type 1 diabetes, what are the symptoms suggestive of a diagnosis of gastroparesis? 
 

Author / Title / Reference / 
Yr  

Abell, T. L., Camilleri, M., Hench, V. S., & Malagelada, J.-R. 1991, "Gastric electromechanical function and gastric emptying in 
diabetic gastroparesis", European Journal of Gastroenterology & Hepatology, vol. 3, no. 2, pp. 163-167. 

N= n=51 diabetic gastroparesis =34, healthy controls =17 (although not all tested for each outcome) 
USA 

Research Design Case control study 
Aim A study to establish the prevalence of gastric electromechanical abnormalities in people with diabetic gastroparesis. 
Population Type 1 diabetes 
Intervention People with diabetes and gastroparesis 
Comparison Non gastroparesis symptomatic people with diabetes 
Outcome 34 People with diabetic gastroparesis  were evaluated as follows: electrogastrography (34); gastrointestinal manometry (30) gastric 

emptying by radioscintigraphy (l6). 17 healthy volunteers underwent gastrointestinal motility and gastric emptying studies, and eight 
(47%) also had electrogastrography.  
Gastric electrical rhythm (GER) was measured by simultaneous cutaneous and mucosal electrogastrography during 2 h fasting and 3 h 
after a standardized, solid/liquid, 511 calorie meal  Dysrhythmias were defined according to arbitrary criteria as follows: tachygastria 
greater than six cycles per min; bradygastria less than one cycle per min; or mixed dysrhythmia, a combination of bradygastria and/or 
tachygastria and containing an irregular electrical rhythm for at least 2min.  
Gastrointestinal manometry was performed simultaneously with electrogastrography, using an 8-lumen perfused tube. Phasic pressure 
activity was assessed for the antrum, pylorus and intestine for changes in frequency, amplitude and baseline pressure. The number of 
interdigestive migrating motor complexes (MMC) was defined by criteria detailed in previous publication. 
Gastric emptying was measured by radioscintigraphy on a different day. Quantification of radioactivity in the stomach was determined 
using a variable region of interest programme 

Characteristics Cases Age = 32.5yrs, duration of diabetes =16.5 years, Type 1 diabetes =100%, glycosylated haemoglobin =9.9%. 
Results  Electrogastrography 

The dysrhythmia index for 34 people in the fasting state ranged from 0.0-31.1, with a median of 3.3 and a significant association 
between the dysrhythmia index in the fasting state and disease was noted (P less than 0.05, compared with controls)  
The dysrhythmia index for diabetic people in the fed state ranged from O to 20.6, with a median of 5.8. A significant association 
between dysrhythmia index in the fed state and disease was noted (P less than 0.05, compared with controls) 
Manometry The people with diabetes had a lower distal antral motility index (median 12.24, interquartile range 11.13-13.75) than the 
group of controls (median 14.27, interquartile range 13.89-14.50) 
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Gastric emptying  
The rate of gastric emptying of solids was significantly associated with diabetic gastroparesis: the people with the disease had a slower 
rate of emptying (median = 0.004) than the group of controls (median = 0.007) (P less than 0.05). However, the onset of solid 
emptying was not significantly associated  

Hierarchy of Evidence 
Grading 

IIa 

Comments It is difficult to be sure that the relationships between gastric dysfunction and diabetic gastroparesis are causal, there are small study 
numbers for some of the gastric tests and a control group of healthy volunteers are used as opposed to people with diabetes and no 
gastroparesis. 
Knowledge of gastric function not available to investigators prior to study 
Not all cases and controls evaluated for all outcomes, only 8 controls had electrogastrography. 
Not clearly matched controls in demographic variables 
Close sensitivity of tests between one another but not useful endpoint 
Gastric rhythm abnormalities in diabetic gastroparesis may be important, they could be involved in mediating symptoms of diabetic 
gastroparesis, such as nausea and vomiting. 
The symptomatic diabetic people had higher dysrhythmia indices, a lower motility index, and a slower rate of solid emptying than 
healthy controls 

Reference / Citation  
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Q60 In adults with Type 1 diabetes, what are the symptoms suggestive of a diagnosis of gastroparesis? 
 

Author / Title / Reference / 
Yr  

Horowitz, M., O’Donovan, D., Jones, K. L., Feinle, C., Rayner, C. K., & Samsom, M. 2002, "Gastric emptying in diabetes: clinical 
significance and treatment. [Review] [215 refs]", Diabetic Medicine., vol. 19, no. 3, pp. 177-194. 

N= 215 studies 
Research Design Review 
Aim To study the clinical significance and treatment of gastric emptying in diabetes 
Population Not stated whether Type 1 or Type 2 diabetes 
Intervention N/A - various 
Comparison N/A - various 
Outcome Diagnosis of gastroparesis 
Characteristics N/A - various 
Results  A major limitation is that there are few population-based studies, and a number of reports relate to people recruited from tertiary 

referral centres, with an inherent high probability of selection bias.  
The relationship between symptoms and gastric emptying does not appear to be substantially stronger when symptoms are evaluated 
post-prandially than when fasting  
There is evidence in people with diabetes that symptoms may reflect visceral hypersensitivity 
1 upper gastrointestinal symptoms occur frequently in people with diabetes, but are not strongly predictive of disordered gastric 
emptying or motility  
It is not known whether asymptomatic people with sub-optimal glycaemic control (particularly unexplained hyperglycaemia or 
hypoglycaemia) should be screened for disordered gastric emptying 
Usually physical examination is unremarkable, apart from in severe cases where a succession splash and/or gastric distension may be 
evident 
A comprehensive history and examination should be performed, followed by appropriate investigation to identify other causes of 
upper gastrointestinal symptoms 
Occasionally the vomitus contains food that has been eaten many hours earlier, which is highly suggestive of gastroparesis.  
It should be recognised that there are many causes of gastroparesis apart from diabetes 

Hierarchy of Evidence 
Grading 

IV 

Comments International authors 
No details of object of review or development process 
Recent publication 
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Reference / Citation  
 
 

 
 

Q60 In adults with Type 1 diabetes, what are the symptoms suggestive of a diagnosis of gastroparesis? 
 

Author / Title / Reference / 
Yr  

Kockar, M. C., Kayahan, I. K., & Bavbek, N. 2002, "Diabetic gastroparesis in association with autonomic neuropathy and 
microvasculopathy", Acta Medica Okayama., vol. 56, no. 5, pp. 237-243. 

N= n=60, Type 1 diabetes =20, Type 2 diabetes =20, healthy controls =20 
Turkey 

Research Design Cohort study 
Aim A study performed to identify an alternative to gastric scintigraphy as a screening test for diabetic gastroparesis. 
Population Separate groups of people with Type 1 diabetes and Type 2 diabetes with gastroparesis 
Intervention People with gastroparesis as defined by the diagnostic criteria proposed by the Expert Committee on the diagnosis and classification of 

Diabetes Mellitus were used. Prominent symptoms were recurrent nausea, vomiting, post-prandial fullness, early satiety, belching, and 
bloating without evidence of mechanical obstruction. 

Comparison Healthy population without gastroparesis 
Outcome Outcome of gastric emptying 

Gastric emptying (Tl/2 G) was calculated in minutes and the results were first compared between groups, then correlated with the other 
obtained data separately for each group. 
Other potentially related factors were evaluated using standard methodologies. 
All subjects underwent quantitative sensory tests for heat, cold, and vibration perception thresholds using a commercial device 
QT dispersion was determined by a 12-lead ECG.  corrected to produce QTc  
Fasting blood glucose and HbA1c levels, and urine b2-microglobulin and microalbumin concentrations were determined for every 
person. 
Each diabetic person examined by an independent ophthalmologist for diabetic retinopathy, and graded from 1 to 4  

Characteristics 20 were insulin-dependent mean age 27.15 ± 8.45, 20 NIDDM, and 20 healthy volunteers Male =58 for whole study group 
Results  Only comparisons between Type 1 diabetes and healthy volunteers are reported here. 

IDDM and people had distal sensorial loss, which was most prominent as regards heat perception (38.83  ± 3.07 Vs 35.18 ± 0.97 in 
IDDM and healthy controls respectively  (P less than 0.001) 
Decrease in vibration sense was not significant in the IDDM group compared to control 
There was a strong positive correlation between T1/2G and the grade of retinopathy (cc: 0.715, P less than 0.001) in IDDM  
Also urinary b2-microglobulin  concentrations related to gastric emptying time (cc: 0.434, P = 0.056) 
Microalbuminuria in IDDM was positively correlated to gastric emptying (cc: 0.567, P = 0.009)  
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Hierarchy of Evidence 
Grading 

IIa 

Comments There are no details given about scores of study population or controls, the controls are not age matched to the Type 1 diabetes cohort 
although there was the same gender mix 
Not clear how sensitive the outcome evaluation methods would be for diagnosis 
Vibration perception threshold was significantly reduced in NIDDM compared to control but this difference was not found for people 
with IDDM 
No control with people with diabetes and no gastroparesis 

Reference / Citation  
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Q60 In adults with Type 1 diabetes, what are the symptoms suggestive of a diagnosis of gastroparesis? 
 

Author / Title / Reference / 
Yr  

Nilsson, P.-H. 1996, "Diabetic gastroparesis: A review", Journal of Diabetes & its Complications, vol. 10, no. 2, pp. 113-122. 

N= 96 references, well linked to text 
Research Design Review 
Aim Review covering diagnosis and treatment 
Population No differentiation between type of diabetes 
Intervention N/A 
Comparison N/A 
Outcome N/A 
Characteristics N/A 
Results  CLINICAL FEATURES  

Gastroparesis affects as much as 20%-50% of the diabetic population/ most often those individuals with longstanding, poorly 
controlled diabetes mellitus. For the majority, it is only associated with mild or even no symptoms.  
Besides the nausea and vomiting symptoms may also include epigastric burning, easy satiety, belching, regurgitation, post-prandial 
fullness, brittle diabetes and weight loss.  
The symptoms of gastroparesis is in most cases fluctuating. 
As diabetic gastroparesis is a part of a generalised autonomic neuropathy, people may also show postural hypotension, abnormal heart-
rate response, bladder dysfunction and impotence 
DIAGNOSTIC TESTS 
Symptoms of gastroparesis correlate poorly with abnormal gastric emptying tests, i.e. conventional radiology and scintigraphy. 
Symptomatic people may have no or minimal abnormalities and many people with documented gastroparesis may be totally 
asymptomatic. This makes the exclusion of differential diagnosis like esophagitis, peptic ulcer, ketoacidosis, anorexia nervosa, uremia, 
etc., mandatory before the diagnosis of diabetic gastroparesis is made.    

Hierarchy of Evidence 
Grading 

IV 

Comments None 
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Reference / Citation  
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12.3 Optimum management of painful neuropathy 

 
 

Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Amin, P. & Sturrock, N. D. 2003, "A pilot study of the beneficial effects of amantadine in the treatment of painful diabetic 
peripheral neuropathy", Diabetic Medicine., vol. 20, no. 2, pp. 114-118. 

N= N=17 Location=UK Sites –1 Duration – 1 week 
Research Design Randomised, double-blind, placebo-controlled crossover trial. 
Aim To investigate the benefit of intravenous amantadine infusion, compared with placebo in relieving neuropathic pain in diabetic 

people with painful neuropathy 
Population Inclusion 

Aged 18-75 with history of type 1 or type 2 diabetes and history of painful diabetic neuropathy. 
Exclusion 
peripheral vascular disease, other causes of peripheral neuropathy, pregnancy or lactation, impaired renal function with a raised 
creatinine above normal range, glaucoma, prostatism, or a history of psychiatric illness, history of insulin neuritis or started on 
insulin 6 months prior to the study 

Intervention Intravenous amantadine given as 200mg in 500ml o.9% saline infusion over 3 h period 
Comparison Placebo in form of iv saline 

 
(details of concomitant medication in comments section) 

Outcome Visual Analogue Scale (VAS-P), Neuropathy Symptom Score (NSS), Physician’ s Global Evaluation (PGE) 
 
(details of concomitant medication in comments) 

Characteristics   
HbA1c (%) 8.5 (1.8) 
BMI (kg/m2) 27.3 (6) 
Male 9 (53%) 
Type 2 diabetes 15 (88.2%) 
Type 1 diabetes 1 (5.8%) 
Duration of diabetes 21.1 (8.7) 
Duration of painful diabetic 
neuropathy 

29.1 months (24) 
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Age 58.4 (11) 
 
 

Results  Pre-therapy 
Visual Analogue Scale – Perception of pain 
The perception of pain score (VAS-P) was 7.8 cm (7.3-8.3). 
No significant change was observed following placebo infusion, 8.2cm (7.7-8.6) (p = 0.34) 
Amantadine caused a significant clinically relevant reduction in pain score to 6.2cm (4.9-7.8), that was significantly different from 
baseline (p = 0.01), and when compared with placebo (P= 0.003) 
 
Nine out of 17 people achieved pain relief of greater than50%.   
 
Neuropathy Symptom Score 
The NSS at baseline was 6.8 (6.3-7.4) and did not change during placebo (0.33). 
The amantadine infusion caused a significant improvement in these symptoms to 4.6 (3.4-5.8) (p=0.003 vs baseline and p = 0.02 vs 
placebo) 
 
VAS-R – Perception of pain relief 
The perception of pain relief following the placebo infusion was not significantly different with a mean value of 0.2 (-0.2 to +0.6) 
Following amantadine, there was a clinically significant subjective 10-fold improvement in pain relief with a score of 1.9 (0.8-3.1) 
(P=0.016 compared with placebo) 
 
Physician’ s Global Evaluation 
The PGE showed no benefit with placebo, with an assessment of –0.3 (0.5-0), but amantadine caused a clear improvement of 1 point 
with a score of 0.8 (0.1-1.5) (p = 0.006) 
 
Conclusion 
Amantadine infusion was superior to placebo in reducing the perception of pain relief using patient rated analogue scales 

Hierarchy of Evidence Grading Various 
Comments A priori hypothesis  

Amantadine licensed for Parkinsonism and treatment of Influenza A 
20 people recruited into study; three people withdrew, reasons for withdrawal stated 
At time of recruitment six were receiving tricyclic antidepressant and NSAIDS, three were on anticonvulsants, two were using 
capsaicin and one finished a course of acupuncture 
Confounding effect of concomitant medication? 
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Carryover effect assessed 
Study not powered  
Randomisation method not discussed 
Adverse effects not discussed 
Data analysed per protocol 

Reference / Citation 271 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Byas-Smith, M. G., Max, M. B., Muir, J., & Kingman, A. 1995, "Transdermal clonidine compared to placebo in painful diabetic 
neuropathy using a two-stage ’enriched enrollment’ design", Pain., vol. 60, no. 3, pp. 267-274. 

N= N=49 Location=US Sites – 1 Duration – 12 weeks?? 
Research Design Randomised, 3-period crossover followed by responder-only randomised, double-blind, placebo-controlled trial. 
Aim To test a previous clinical observation that approximately one-quarter of people with painful diabetic neuropathy appear responsive 

to clonidine. 
Population Inclusion 

Diagnosis of diabetes (National Diabetes Data Group 1979); distal symmetrical diabetic neuropathy; moderately intense pain for at 
least 3h/day for a minimum of 3 months; and the ability to speak or read English fluently. 
Exclusion: 
Presence of other significant painful conditions; clinically significant orthostatic hypotension; previous exposure to alpha-2-
adrenergic agonists for treatment of pain; poorly controlled diabetes mellitus; uncontrolled hypertension; and evidence of significant 
cardiovascular or pulmonary diseases as judged by primary care physicians. 

Intervention Phase I (n = 41)  First week of each period used for dose titration (0.1mg/day to 0.3mg/day) 
Group 1 Placebo 3wk clonidine 3 wk clonidine 3 wk 
Group 2 clonidine 3 wk placebo 3 wk clonidine 3wk 
Group 3 clonidine 3wk placebo 3 wk placebo 3wk 
Group 4 placebo 3 wk clonidine 3wk placebo 3 wk 

 
Phase II (n = 12 responders) Maximum dose tolerated by each patient in study I 
Apparent responder = ‘best global relief rating during any clonidine period was moderate or better and this was at least 1 grade better 
than their best relief score during any placebo period’  

Group 1 Clonidine Placebo Clonidine Placebo 
Group 2 Clonidine Placebo Placebo Clonidine 
Group 3 Placebo Clonidine Placebo  Clonidine 
Group 4 Placebo Clonidine Clonidine Placebo 

 
(All analgesic medications were discontinued for at least 3 weeks prior to entry of study, except 3 people on antidepressants) 
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Comparison As above 
Outcome Pain recorded in patient diary once a day, choosing from list of 13 verbal descriptions of pain intensity (validated in other studies) 

Side effect data recorded 
At end of each treatment period people reported global ratings of relief of pain. 
Patient characteristics of responders were compared in a post hoc analysis 
 
After completion of study II, consistent responders were invited to have a phentolamine infusion performed to test the hypothesis 
that these patient had sympathetically maintained pain that clonidine relieved by decreasing sympathetic outflow. 

Characteristics  
Age 61 (range 34-80) 
Sex 32 male, 17 female 
Duration of diabetes (years) 3 yrs (range 0.3-19) 
Distribution of pain 
Feet only 

 
31 

Feet, hands 
 

7 

Feet, legs 7 
Feet, arms 2 
Feet, legs, hands 1 
Legs only 1 

 
 

Results  Dose 
During study I, 38/41 people received the maximum dose of 0.3mg/day. 
In study II, all 12 people were able to take 0.3mg/day of clonidine and placebo. 
 
Pain relief 
Study I 
Adjusted mean pain intensity levels with clonidine and placebo were 1.02 and 0.99 units, respectively, a mean difference of 0.03 � 
0.06 (95% CI = -0.09 to 0.15). 
The difference in pain intensity levels was not statistically significant (p = 0.55). There was no evidence of carry-over effect (p = 
0.49) or period effect (p = 0.55) 
 
Study II 
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Adjusted mean pain intensity levels for clonidine and placebo in this study were 0.8 and 1.00 units, respectively, representing a mean 
difference of 0.2 � 0.08 favouring clonidine (95CI, 0.04-0.35). p less than0.02 
There were no significant carryover (p = 0.9) or period effects (p = 0.71) 
 
Phentolamine infusions in consistent responders 
Phentolamine blocks only performed in 3 of 8 consistent responders. Each patient failed to get substantial pain reduction at the end 
of the saline infusion or after the phentolamine infusion/ 
 
Characteristics of consistent responders 
Pain quality 
‘Sharp’  and ‘shooting’  pain was significantly more prevalent in Consistent Responders compare to other people in the study (p = 
0.01) 
7/8 Consistent Responders reported that the pain sensation most notably relieved was their sharp and shooting pain. 
 
Sensory/neural deficits 
No differential pattern was identified. 
 
Side effects 
There was no difference between Consistent Responders and all other people in quality or quantity of side effects on clonidine 
 
Conclusion 
Clonidine was not significantly better at relieving pain than placebo; however, a minority of’  responders’  consistently get moderate 
pain relief from clonidine administration. 

Hierarchy of Evidence Grading 1b 
Comments Study was powered to provide 80% chance of detecting a difference between clonidine and placebo equal to 0.20 units on Gracely’ s 

Pain Intensity Scale in which 0.35 units is the difference between moderate and mild pain. 
1 week washout period between study I and study II 
Eight of 49 people were withdrawn from study I: reasons for withdrawal discussed 
Of 41 people completing phase I, 12 met the criteria for responders and all 12 completed study II. 
8/12 apparent responders who entered study II subsequently met the criteria for consistent responder. 
Small trial 
Randomisation method not discussed 
Data analysed per protocol 
Clonidine licensed for prophylaxis of migraine, recurrent vascular headache, menopausal flushing 
No discussion of confounding factors 
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Reference / Citation 274 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Cohen, K. L., Lucibello, F. E., & Chomiak, M. 1990, "Lack of effect of clonidine and pentoxifylline in short-term therapy of diabetic 
peripheral neuropathy", Diabetes Care, vol. 13, no. 10, pp. 1074-1077. 

N= N=16  Location=US Sites – 1 Duration – 8 weeks 
Research Design Randomised, controlled crossover trial. 
Aim To confirm or rule out anecdotal reports of beneficial effects of clonidine and pentoxifylline (discussed in separate evidence table) in 

the treatment of painful diabetic peripheral neuropathy. 
Population Inclusion 

Diabetic people with peripheral neuropathy (typical symptoms with decreased vibratory and/or light touch threshold)  
Exclusion: 
People with other known causes of peripheral neuropathy, e.g. heavy alcohol abuse, cobalamin deficiency, or uremia, and people 
with moderate to severe claudication. 

Intervention Placebo twice a day  (4weeks) placebo in the morning plus 0.1mg clonidine in the evening (4 weeks) then clonidine twice a day (4 
weeks) 
 

Comparison See intervention 
Outcome Self-rating questionnaire. Each subtype of dysesthesia (heat/burning, cold/numbness, dull pain/aching, and sharp pain/tingling) was 

rated separately on a scale of 0-5. 
Total pain score of each study was the sum of these four numbers (possible range 0-20)  

Characteristics  
  Pentoxifylline groups 
 Clonidine group (n = 

16) 
Active (n = 12) Placebo (n = 9) 

Age yrs 63 � 1 64 � 1 64 � 1 
Duration of diabetes 14 � 2 14 � 2 10 � 2 
Duration of 
neuropathy (yr) 

4.3 � 1.0 4.7 � 1.5 3.7 � 0.3 

Treatment 
(oral/insulin) 

5/11 4/8 3/6 
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Weight (kg) 97 � 4.3 89 � 4.9 95 � 6.1 
Glycosylated 
haemoglobin (%) 

7.9 � 0.8 9.6 � 1.0 9.0 � 0.8 

(Pain score, feet 14.2 � 1.2 15.2 � 1.2 13.3 � 1.5 
 
 

Results  There was a statistically significant decline in foot pain from baseline in the entire group (n = 16) with clonidine at both dosage 
levels (p less than0.05); however, there was also a significant response to the placebo (p less than0.05), and the clonidine effect was 
no better than the placebo (p less than0.030) 
ANOVA was performed with time, treatment group and dose; no significant differences were observed (p less than0.7) 
 

 Pain score P vs baseline P vs placebo 
Clonidine n = 16    
    
Baseline 14.2 � 1.2   
Placebo (4 weeks) 11.8 � 1.2 less than0.05  
0.1mg/day (4 weeks) 10.2 � 1.3 less than0.01 less than0.25 
0.1 mg 2 times/day for 4 
weeks 

9.9 � 1.7 less than0.05 less than0.25 

 
 
Conclusion 
This study does not demonstrate a statistically significant effect of clonidine in the treatment of diabetic peripheral neuropathy 

Hierarchy of Evidence Grading 1b 
Comments Operational definition: typical symptoms with decreased vibratory and/or light touch threshold 

Clonidine licensed for prophylaxis of migraine or recurrent vascular headache/menopausal flushing/hypertensive crisis 
Randomisation method not discussed 
Study only double blind for first 4 weeks then single blind 
Study not powered 
Very small study 
Confounding factors not discussed 
Data analysed using students t-test 
Clonidine licensed for prophylaxis of migraine, recurrent vascular headache, menopausal flushing 
Pentoxifylline licensed for peripheral vascular disorder 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Collins, S. L., Moore, R. A., McQuayHJ, & Wiffen, P. 2000, "Antidepressants and anticonvulsants for diabetic neuropathy and 
postherpetic neuralgia: a quantitative systematic review. [Review] [31 refs]", Journal of Pain & Symptom Management., vol. 20, 
no. 6, pp. 449-458. 

N= RCT=16  
12 trials investigated 9 antidepressants and two antidepressant/fluphenazine combinations (n = 251) 
4 trials investigated anticonvulsants (n = 247) 

Research Design Meta analysis of RCTs 
Aim To determine the relative efficacy and adverse effects of antidepressants and anticonvulsants in the treatment of diabetic neuropathy 

(postherpetic neuralgia results not presented in this ET) 
Population Chronic pain due to diabetic neuropathy 
Intervention Antidepressant or anticonvulsant 
Comparison Placebo  
Outcome Clinically relevant outcome was defined as improvement on a measure of effectiveness equivalent to at least 50% pain relief 

Adverse effects 
Relative benefit (RB) and Relative Risk (RR) 
Number need to treat (NNT) 
Number need to harm (NNH) 

Characteristics Methodology 
RCTs identified by searching MEDLINE, EMBASE, CINHAL, SIGLE, PubMed, The Cochrane Library and Oxford Pain Relief 
Database. Additional reports were identified from reference lists of retrieved articles and reviews. Unpublished data was not sought.  
Inclusion criteria: full journal publication, adult participants, double-blind design, random allocation to treatment groups which 
included placebo, and either an antidepressant or anticonvulsant. 
 
Each report was read and scores using 3 item, 1-5 score quality scale. Data extracted included: condition studied, number of people 
enrolled, and analysed, study design, study duration, dosing regimen, outcome measures used for pain, reported analgesic 
outcomes, minor adverse effects, major adverse effects, and other withdrawals not related to adverse effects. 

Results  Trials 
Four trials investigated two antidepressants, providing a total of 23 active treatment arms. 
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Majority of studies used crossover design. 
Studies titrated the dose of the active treatment to the maximum tolerable level for the individual people, titrated the dose against 
plasma concentration, or used a fixed dose within usual recommended ranges. 
The two studies of gabapentin titrated people to a potential maximum dose of 3600 mg per day. In both trials the drug appeared to 
be tolerated well with 67% of patient reaching the maximum dose in one study. 
 
Twelve trials investigated nine antidepressant and two antidepressant/fluphenazine combinations in a total of 251 people. 
 
Antidepressant trials 
All trials were crossover in design. 
Five studied imipramine 

o Young and Clarke 1985 
o Kvinesdal et al., 1984 
o Sindrup et al., 1989 
o Sindrup et al., 1990a 
o Sindrup et al., 1992a 

Two studied desipramine 
o Sindrup et al., 1990b 
o Max et al., 1992 

 
Vrethem et al., 1997 - amitriptyline 
Sindrup et al., 1990b - clomipramine 
Vrethem et al., 1997 - maprotiline 
Sindrup et al., 1992b - citalopram 
Max et al., 1992 - fluoxetine 
Sindrup et al., 1990a - paroxetine 
Sindrup et al., 1992a - Mianserin 
Mendel et al., 1986 - amitriptyline/fluphenazine combination 
Gomez-Perez et al., 1985 - nortriptyline/fluphenazine combination 
 
Anticonvulsant trials 
Four studies investigated anticonvulsants in a total of 247 people. 
Two examined phenytoin 

o Saudek et al., 1977 (crossover) 
o Chadda et al., 1978 (crossover) 
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Rull et al., 1969 – carbamazepine (crossover) 
Backonja et al., 1998 – gapapentin (parallel group) 
 
Antidepressants 
Efficacy 
People with at least 50% pain relief on antidepressants (20-100%, mean 69%) compared with placebo (3-78%, mean 39%) 
Number needed to treat (NNT) for at least 50% pain relief when compared with placebo was 3.4 (95 CI 2.6-4.7) 
 
Sensitivity analyses 
Type of antidepressant 

o Tricyclic antidepressants 
Pooled data for the eight studies using tricyclic antidepressants (amitriptyline, clomipramine, desipramine, imipramine and 
maprotiline) with a total of 283 patient episodes had a relative benefit of 1.9 (1.5-2.3) with an NNT for at least 50% pain relief of 
3.5 (2.5-5.6) 
Doses used were within the low to mid range of those recommended for depression. 

o Serotonin Selective Reuptake Inhibitors 
The pooled data for the three trials (162 patient episodes) using SSRIs (citalopram, fluoxetine and paroxetine) had a relative benefit 
of 1.3 (1-1.8) showing no significant differences between the SSRIs and placebo. The doses used were a fixed 40mg/day in two 
studies and titrated between 20 and 40 mg /day in the other. 
 
All further efficacy analyses were conducted on the tricyclics alone due to lack of efficacy with SSRIs. 
 
Type of scale used (tricyclics only) 
Four studies with five active treatment arms (136 patients episodes) used scales which investigated pain relief and four trials with 
five active treatment arms (147) used neuropathy scales which measured a variety of symptoms associated including pain.  
The pooled data from pain scales had a relative benefit of 5.6 (2.7-11) and an NNT for at least 50% pain relief when compared with 
placebo of 2.6 (1.9-4.0).  
The data from neuropathy scales had a relative benefit of 1.4 (1.1-1.7) and an NNT of 5 (2.9-18)  
 
Size of treatment arms 
Seven studies (220 patient episodes) had more than 20 participants per treatment arm. The relative benefit for the data pooled from 
these trials was 1.7 (1.4-2.2) with an NNT for at least 50% pain relief compared with placebo of 4.2 (2.7-9.3) 
Two studies (42) had between 11 and 20 people per treatment arm. The relative benefit for the data pooled from these trials was 2.0 
(1.2-3.5) with an NNT for at least 50% pain relief compared with placebo of 2.6 (1.5-9.6). 
Only one trial (21) had 10 or fewer people per treatment arm. The relative benefit for the data from this trial was 3.7 (1.4-9.6) with 
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an NNT for at least 50% pain relief compared with placebo of 1.4 (1-2.2) 
 
Length of study 
Five studies (168 patient episodes) lasted for three weeks or less. The relative benefit for the data pooled from these trials was 1.4 
(1.1-1.7) with an NNT for at least 50% pain relief compared with placebo of 3.7 (2.5-7.3). 
Three studies (115 patient episode) lasted three or more weeks (maximum six weeks). The relative benefit for the data pooled from 
these trials was 5.8 (2.2-15) with an NNT for at least 50% pain relief of 2.9 (2.1-4.7) 
 
Adverse events 
The majority of adverse events observed with antidepressants were the classic antimuscarinic effects of dry mouth, constipation and 
blurred vision. 
 
Minor harm 
The relative risk estimates showed that antidepressants had a significantly increased incidence of adverse effects compared with 
placebo. The number need to harm (NNH) for minor adverse effects compared with placebo was 2.7 (2.1-3.9) for anticonvulsants. 
 

o Tricyclic antidepressants vs SSRIs 
No data available on minor adverse effects for SSRIs. 
 
Relative risk estimate for tricyclic antidepressants was significant, 2.0 (1.6-2.6) and the NNH for a minor adverse effect compared 
with placebo was 3.2 (2.3-5.2) 
  
Major harm 
The relative risk estimate showed that the incidence of major adverse effects (leading to withdrawal from the trial) was significantly 
greater for antidepressants compared with placebo. 
The number needed to harm (NNH) for a major adverse effect with antidepressants compared with placebo was 17 (11-43). 
 

o Tricyclic antidepressant vs SSRIs 
No significant difference in incidence of major adverse effects between SSRIs and placebo, relative risk 10 (0.1 to greater 
than1000)  
Ratio of benefit to major harm for SSRIs was 3 
 
The ratio of benefit to major harm for tricyclic antidepressants was 1. Ten trials with 12 active treatment arms gave information on 
major adverse effects (536 episodes). 
Tricyclic antidepressants had anincreased risk of adverse effects relative to placebo. 
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The NNH for a major adverse effects with a tricyclic when compared with placebo was 14 (8.5-38). The benefit/major harm ratio 
for tricyclic was 4. 
 
Anticonvulsants 
Participants with at least 50% pain relief on anticonvulsants (57-74%, mean 63%) compared with placebo (13-33%, mean 24%) 
Number needed to treat (NNT) for at least 50% pain relief when compared with placebo was 2.7 (95% CI 2.2-3.8) 
 
Adverse events 
With anticonvulsants the commonest adverse events were transient central nervous system effects such as dizziness, somnolence, or 
disturbance in gait. 
 
Minor harm 
The relative risk estimates showed that anticonvulsants had a significantly increased incidence of adverse effects compared with 
placebo. The number need to harm (NNH) for minor adverse effects compared with placebo was 2.7 (2.2-3.4) for anticonvulsants. 
 

o Gabapentin vs phenytoin/carbamazepine 
Both gabapentin and phenytoin showed a significantly increased incidence of minor adverse effects when compared with placebo, 
with relative risk estimated of 2.4 (1.9-3.0) and 4.2 (2.0-8.9) respectively. 
The NNH for a minor adverse effect compared with placebo was 2.6 (2.1-3.3) for gabapentin and 3.2 (2.1-6.3) for phenytoin.  
The benefit/minor harm ratio for both gabapentin and phenytoin was 1. 
 
Major harm 
The relative risk estimate showed that there was no significant difference in the incidence of major adverse effects between active 
and placebo.  
 

o Gabapentin vs phenytoin/carbamazepine 
Neither gabapentin nor phenytoin/carbamazepine showed a significant difference over placebo in the incidence of major adverse 
effects. 
The benefit/major harm ratio for gabapentin was 6 and for phenytoin/carbamazepine was 9. 
 
Conclusion 
Both tricyclic antidepressants and anticonvulsants  have an analgesic effect when compared with placebo for diabetic neuropathy, 
with at least50% pain relief achieved in two-thirds of patient episodes treated with anticonvulsants and in half treated with 
antidepressant. SSRI antidepressants were not superior to placebo. 

Hierarchy of Evidence Grading 1a 
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Comments Imipramine licensed for depression/nocturnal enuresis in children 
Amitriptyline licensed for depression with anxiety 
Clomipramine licensed for depression/obsessional and phobic states, adjunctive treatment of cataplexy associated with narcolepsy. 
Citalopram licensed for treatment of depressive illness in the initial phase and as maintenance therapy against potential relapse and 
recurrence/panic disorder with or without agoraphobia 
Fluoxetine licensed for depression, with or without anxiety, especially if sedation is not required. Pre-menstrual dysphoric disorder. 
Bulimia nervosa. Obsessive compulsive disorder. 
Paroxetine licensed for depression, OCD, panic disorder, social phobia, post traumatic stress disorder 
Nortriptyline/fluphenazine licensed for mixed anxiety and depression 
Phenytoin licensed for tonic-clonic seizures, partial seizures, seizures following neurosurgery or head injury, trigeminal neuralgia 
Carbamazepine licensed for prophylaxis of manic-depressive psychosis unresponsive to lithium/generalised tonic-conic and partial 
seizures/trigeminal neuralgia 
Gabapentin licensed in UK for following indications: neuropathic pain and adjunctive treatment of partial seizures with or without 
secondary generalisation in people not satisfactorily controlled by or intolerant to other anticonvulsants 
 
No discussion of how many reviewers extracted  
‘One patient episode’  represents the results for one patient completing one part of a crossover trials 
Sensitivity analysis was performed on the twelve antidepressant trials highlighting three important methodological considerations 
neuropathy scales which examine multiple different symptoms, including pain, may underestimate pain relief achieved if the scale 
if presented as a single overall result 
the smaller the trail, the greater the tendency to overestimate efficacy 
trials of less than three week tended to underestimate the treatment effect 

Trials included Young and Clarke 1985; Kvinesdal et al., 1984; Sindrup et al., 1989; Sindrup et al., 1990a; Sindrup et al., 1992a 
Sindrup et al., 1990b; Max et al., 1992; Vrethem et al., 1997; Sindrup et al., 1990b; Vrethem et al., 1997; Sindrup et al., 1992b; 
Max et al., 1992 ; Sindrup et al., 1990a; Sindrup et al., 1992a; Mendel et al., 1986;Gomez-Perez et al., 1985; Saudek et al., 1977; 
Chadda et al., 1978; Rull et al., 1969; Backonja et al., 1998 

Reference / citation 267 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Dejgard, A., Petersen, P., & Kastrup, J. 1988, "Mexiletine for treatment of chronic painful diabetic neuropathy", Lancet., vol. 1, no. 
8575-6, pp. 9-11. 

N= N=19 Location=Denmark Sites – Duration – 26 weeks 
Research Design Randomised, double-blind, placebo-controlled crossover trial. 
Aim To investigate the effect of mexiletine on the symptoms and signs of chronic painful diabetic neuropathy 
Population Type 1 or type 2 diabetes with painful diabetic neuropathy for more than 4 weeks, age 18-75 yrs, vibration threshold measurements 

or loss of Achilles tendon reflexes indicating neuropathy 
Intervention Group 1 (n = 9) - Mexiletine 10mg/kg body weight daily for 10 weeks – midphase period 4 weeks with nothing – placebo 10 weeks 

 
(Mexiletine given 150mg daily for first 3 days, then 300mg daily for next 3 days, and thereafter 10mg/kg bodyweight daily) 

Comparison Group 2 (n = 7) – Placebo for 10 weeks – midphase period 4 weeks with nothing – mexiletine 10mg/kg daily 
 
(Mexiletine given 150mg daily for first 3 days, then 300mg daily for next 3 days, and thereafter 10mg/kg bodyweight daily) 

Outcome Participants examined two weeks before treatment and fortnightly during treatment. 
Five-item symptom score scale (FIS) 
Visual Analogue Scale (VAS) 
Neurological examination – plantar, ankle, knee reflexes, sensitivity to touch and pain, position sense, and stereognosis 
Consumption of mild analgesics 

Characteristics   
  
Type 1 14 
type 2 2 
Sex (M/F) 10/6 
Duration of diabetes 16 (2-36) 
Age (yrs) 50 (30-64) 
Pain 14  
Paraesthesia 15 
Dysaesthesia 15 
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Results  Pre-treatment 
Symptoms and signs of diabetic neuropathy immediately before the treatment did not differ between placebo and mexiletine phases 
– as evaluated by both FIS and VAS. 
 
Post-treatment 
The FIS score was improved in all but one patient during treatment with mexiletine, but in only two people during the placebo 
phase (p less than0.01) 
Mexiletine significantly improved pain, dysaesthesia, and paraesthesia. 
During treatment with mexiletine the VAS score fell significantly; furthermore, in ten of the sixteen people it fell by more than 
15mm. 
No change in VAS score was seen during the placebo phase. 
 
Use of analgesics 
There was no difference in the consumption of analgesics during the two phases. 
 
Vibration perception thresholds 
Vibration perception thresholds in the big toe (mexiletine (mexiletine 44 volts, placebo 43 volts) and autonomic nerve function tests 
did not change significantly during the mexiletine and placebo phases. 
 
Side-effects 
Three people had mild side-effects when treated with mexiletine, including nausea, hiccup and tremor. 
 
Conclusion 
Using global criteria mexiletine was no more effective than placebo in the treatment of painful diabetic neuropathy; however, a 
post-hoc analysis demonstrated that criteria based on specific sensations show mexiletine to be more effective than placebo. 

Hierarchy of Evidence Grading 1b 
Comments Mexilitine licensed for ventricular arrhythmias 

Three people excluded – reasons given 
No description of randomisation 
Study not powered – very small sample 
 

Reference / Citation  
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Eisenberg, E., Lurie, Y., Braker, C., Daoud, D., & Ishay, A. 2001, "Lamotrigine reduces painful diabetic neuropathy: a 
randomized, controlled study", Neurology, vol. 57, pp. 505-509. 

N= N=59 Location=Israel Sites – 1 Duration – 8 weeks 
Research Design Randomised, double-blind, placebo-controlled parallel trial. 
Aim To study the efficacy of lamotrigine (titrated from 25 to 400mg/day) or placebo over a 6 week period. 
Operational Definition Evidence of peripheral neuropathy indicated by at least two of the following: medical history, neurologic examination or abnormal 

nerve conduction test results 
Population Those with established diagnosis of diabetes mellitus (type 1 or 2), no change in antihyperglycemic medications within 3 weeks of 

screening, evidence of peripheral neuropathy (as above), pain attributed to diabetic neuropathy present for at least 6 months, mean 
pain intensity of at least 4 on an 11-point numerical pain scale. People were excluded if they were aged less than18 or greater than 
75years, impaired renal or liver function, known epilepsy, presence of other painful conditions, receipt of anticonvulsants, 
antidepressants, or membrane stabilisaing agents for reasons other than pain relief, or use of opioids 

Intervention Lamotrigine 25mg once daily (2 weeks), 50mg/day twice daily (2 weeks) then titrate up to 400mg/day twice daily over 4 weeks 
 
(Simple analgesics (paracetamol or dipyrone) and NSAIDs permitted as rescue medictaion) 

Comparison Equal numbers of identical-looking placebo tablets according to same schedule 
Outcome Pain intensity score using 10 point pain scale recorded twice daily 

Rescue analgesic consumption 
McGill Pain Questionnaire (MPQ) 
Beck Depression Inventory (BDI) 
Pain Disability Index (PDI)  
Plasma glucose and HbA1c 

Characteristics  
Characteristic Lamotrigine n = 27 Placebo n = 26 p value 
Age, y 52.7 � 2.1 57.8 � 1.7 NS 
men/women 17/10 16/10 NS 
weight, kg 82.1 � 2.3 81.4 � 2.6 NS 
Diabetes type 2 24 24 Ns 



National Collaborating Centre 
for Chronic Conditions 

 

Page 60 of 106 

Diabetes type 1 3 2  
Duration of diabetes 13.9 � 1.7 9.6 � 1.1 0.04 
fasting glucose, mg/dL 215 � 15 196 � 13 NS 
HbA1c (%) 8.2 � 0.3 8.4 � 0.4 NS 
Pain duration 3.6 � 0.7 3.8 � 0.6 NS 
Previous treatment    
Antidepressants 8 10  
Anticonvulsants 7 8  
Capsaicin cream 4 2  
Other 2 3  
Pain score, NPS 6.4 � 0.1 6.6 � 0.1 NS 
MPQ words 11.9 � 0.7 11.4 � 0.7 NS 
MPQ score 28.1 � 2.0 29.6 � 1.6 NS 
PDI, total score 4.0 � 0.6 4.6 � 0.6 NS 
BDI, total score 12.6 � 1.5 16.1 � 2.0 NS 

 
No significant difference between groups; however, duration of diabetes in lamotrigine group was significantly longer than in the 
placebo group. 
 
All participants had distal symmetric pain involving the legs in a stocking-like distribution.  
Loss of sensation  was noted by 24 subjects in the lamotrigine treated group and by 21 in the placebo treated group 
Tingling sensation was reported by 23 people in the lamotrigine treated group and by 21 in the placebo treated group 
Abnormal neurologic examination results, indicative of peripheral neuropathy were found in all participants. 
 

Results  Pain relief 
Mean pain intensity dropped from 6.4 � 0.1 in pre-treatment week to 4.2 � 0.1 during treatment in the lamotrigine group, and from 
6.5 � 0.1 at pre-treatment to 5.3 � 0.1 during treatment in the placebo group. 
The differences in mean pain intensities between the tow groups were significant at lamotrigine doses of 200, 300 and 400 mg. 
 
The maximal reduction of pain from baseline was 37% in the lamotrigine-treated group, versus 20% in the control group. 
 
A 50% reduction in pain during the last 3 weeks of treatments was detected in 12 people receiving lamotrigin and only 5 receiving 
the placebo (p = 0.05) 
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McGill Pain Questionnaire (MPQ), Beck Depression Inventory (BDI) and Pain Disability Index (PDI) 
The MPQ, BDI and PDI scores did not change significantly from baseline to the end of treatment phase in any of the groups. 
 
Global efficacy 
The global assessment of efficacy performed by the patient at the end of the treatment phase shows that seven of the 22 subjects 
(32%) in the lamotrigine group regarded the drug as highly efficacious, nine (41%) regarded it as moderate, and six (27%) as low. 
 
In the placebo treated group, 2 of 21 subjects (10%) considered it as highly efficacious, 7 (33%) as moderate and 12 (57%) as low 
(p = 0.07) 
 
Analgesic medication 
Seven people in the lamotrigine-treated group recorded daily intake of at least one tablet of analgesic (a minimum of 7 
tables/week) during the baseline phase, whereas only two were using a similar amount of rescue analgesics during the last 4 weeks 
of the treatment phase. 
 
In the placebo treated group, only three required at least one tablet daily at baseline, but all three were still using the same amount 
at the end of the treatment phase. 
 
Adverse events 
Seventeen adverse events were recorded in the lamotrigine-treated group and 21 in the placebo treated group. 
 
Altogether, four people were withdrawn from the study owing to adverse events, two from each group. 
 
In the lamotrigine group, rash developed in two people during the fourth and the seventh weeks of the treatments period, both of 
which resolved shortly after lamotrigine use was discontinued. 
In the placebo group, one subject had impotence during the first week of treatment, and the other had diarrhoea. 
 
Conclusion 
Lamotrigine attenuates painful diabetic neuropathy at a daily dosage of 200 to 400 mg and has a significantly superior analgesic 
effect compared with placebo. 

Hierarchy of Evidence Grading 1b 
Comments Lamotrigine is licensed in UK for monotherapy, or ad-on therapy for simple partial or complex partial seizures, primary and 

secondarily generalised tonic-conic seizures. Lennox Gastaut syndrome 
Randomisation in blocks of four according to computer-generated random code in double-blind fashion 
In lamotrigine group two people withdrew because of lack of compliance, three people withdrew consent 
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In placebo group, four people were withdrawn and were not included in final analysis (lack of compliance and protocol violation) 
Four other subjects did not complete treatment (reasons given, but were included in analysis) 
Not intent to treat 
Last observation carried forward 
Study not powered 
Double blind 
Small study 
Short study 
No details of investigators undertaking assessment 
 

Reference / Citation 269 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Foster, A. V., Eaton, C., McConville, D. O., & Edmonds, M. E. 1994, "Application of OpSite film: a new and effective treatment 
of painful diabetic neuropathy", Diabetic Medicine, vol. 11, pp. 768-772. 

N= N=33 Location=UK Sites – 1 Duration – 8 weeks 
Research Design Randomised non placebo-controlled crossover trial. 
Aim To assess the effect of application of OpSite dressings on the pain and quality of life of people with chronic diabetic neuropathy. 
Operational Definition Symmetrical painful neuropathy of at least 3 months duration. Characteristics burning or lancinating pain in both lower limbs 

 
Population Inclusion 

Symmetrical painful neuropathy of at least 3 months duration. Characteristics burning or lancinating pain in both lower limbs 
Pressure index, ration of ankle systolic pressure to brachial systolic pressure was greater than 0.8 in each foots and foot pulses 
were palpable, thus ruling out peripheral vascular disease as a cause of pain. 
 
Exclusion: 
Peripheral vascular disease 

Intervention 1) OpSite applied to cover site of pain on one leg for 4 weeks then 
2) OpSite applied to cover site of pain on other leg for 4 weeks 
 
(Patient permitted to take up to 8 x 500mg paracetamol tablets/day) 

Comparison Non-Opsite starter leg 
 
(Patient permitted to take up to 8 x 500mg paracetamol tablets/day) 

Outcome At each 2 weekly visit pain assessment for each leg recorded using visual analogue scale for 0 to 10 cm 
Intake of paracetamol 
HbA1c 
Systolic pressure 
Vibration threshold 
Quality of life 

Characteristics   
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Sex 18 women, 15 men 
Age (yrs) 57 (36-75) 
Duration of diabetes 14.1 years ( range 1-34 years) 

 
No baseline data for location, severity and nature of pain 
 

Results  Visual Analogue Pain Scores 
Treatment effect defined to be the difference between the OpSite leg pain and the no treatment leg pain, corrected for baseline 
 
There was a significant reduction in pain from baseline in the legs treated with OpSite at weeks 2,4,6 and 8 and also in those 
without OpSite at weeks 4,6, and 8; however the reduction was significantly greater in the OpSite starter leg at the main time-
point, week 4 (p less than0.001) 
Median additional reduction in pain resulting from OpSite, as compared with no treatment, was 1.8cm (95% CI 1-8.1cm) on VAS. 
 
Quality of life 
There was a significant improvement in the quality of life of the participants. 
Changes from baseline in each of five quality of life dimensions (appetite, contact discomfort, mobility, mood and sleep) were 
statistically significant at both week 4 and week8 (p less than0.002) 
Improvement in quality of life was particularly marked for sleep/ 83% of people were sleeping with less than 3 nights disturbed 
throughout the previous fortnight at the end of the study compared with only 15% at baseline. 
Ten people (33%) changed from the very highest sleep loss category (greater than9 nights) to the lowest (less than3 nights) 
 
Paracetamol ingestion 
There was a significant reduction from baseline in paracetamol ingestion at both week 4 (p =0.034) and week 8 (p = 0.004) 
 
Conclusion 
Compared with no treatment OpSite relieves the pain associated with diabetic neuropathy 

Hierarchy of Evidence Grading 1b 
Comments Study not powered  

Randomisation method not discussed 
Not blinded 
Opsite compared with no treatment 
Treatment effect defined to be the difference between the OpSite leg pain and the no treatment leg pain, corrected for baseline 
Confounding effect of paracetamol not discussed 
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Difference between week 4 and week 6 treatment effects assessed 
Three people withdrew – reasons discussed 
Carryover effect analysed 
Main outcome timepoint determined post hoc. 
Assessment of pain in each leg not quantified at baseline 

Reference / Citation  



National Collaborating Centre 
for Chronic Conditions 

 

Page 66 of 106 

 

 
 

Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Gorson, K. C., Schott, C., Herman, R., Ropper, A. H., & Rand, W. M. 1999, "Gabapentin in the treatment of painful diabetic 
neuropathy: a placebo controlled, double blind, crossover trial", Journal of Neurology, Neurosurgery & Psychiatry., vol. 66, no. 2, 
pp. 251-252. 

N= N=40 Location=US Sites – 1 Duration – 12 weeks 
Research Design Randomised double-blind placebo-controlled crossover trial. 
Aim To study the effect of low dose gabapentin in people with painful diabetic neuropathy 
Operational Definition Distal sensorimotor neuropathy as shown by impaired pin price, temperature, or vibration sensation in both feet and absent or 

reduced ankle reflexes 
Daily neuropathic pain in the acral extremities, of at least moderate severity, for over 3 months that interfered with daily activity or 
sleep 

Population Inclusion 
Diabetes for at least 6 months on a stable dosage of insulin or oral hypoglycaemic agent 
Distal sensorimotor neuropathy as shown by impaired pin price, temperature, or vibration sensation in both feet and absent or 
reduced ankle reflexes 
Daily neuropathic pain in the acral extremities, of at least moderate severity, for over 3 months that interfered with daily activity or 
sleep 
 
Exclusion: 
diabetes and chronic renal insufficiency, painful diabetic plecopathy, or lumbosacral polyradiculopathy, peripheral vascular 
disease, another painful condition or other cause for neuropathy. 

Intervention Gabapentin 300mg for 6 weeks – 3 week washout – placebo capsules 6 weeks (n = 19)  
(Treatment with stable dosages of NSAIDS or narcotics were permitted) 

Comparison Placebo capsules 6 weeks – 3 week washout – gabapentin 300mg 6 weeks (n = 21) 
(Treatment with stable dosages of NSAIDS or narcotics were permitted) 

Outcome Visual analogue pain scale (VAS), present pain intensity (PPI) and McGill pain questionnaire (MPQ), global assessment of pain 
relief 
 

Characteristics   
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31 men 9 women 
Average age 62 years (range 43-82 years) 
Ten had neuropathic pain limited to the feet, 19 had pain in the feet and legs and 11 had pain in the feet, legs and hands. 
Mean duration of neuropathic pain was 4 years (range 4 months – 15 years) 
 

Results   
Pain scale gabapentin placebo difference p value 
MPQ 8.9 (2.3) 2.2 (2.2) 6.7 (3.2) 0.03 
VAS 1.8 (0.5) 1.4 (0.3) 0.4 (0.6) 0.42 
PPI 1.2 (0.4) 0.3 (0.5) 0.9 (0.7) 0.2 
No of people 
reporting moderate or 
excellent pain relief 

17 9  0.11 

 
 
MPQ score 
gabapentin – 8.9 points 
Placebo – 2.2 points  
p = 0.03 
 
VAS and PPI 
No significant difference between mean change in VAS core or PPI score between gabapentin and placebo 
 
Patient-reported pain relief 
14 people reported moderate or excellent pain relief with gabapentin only, six with placebo only and three with both 
17 people reported none or mild relief after both treatments (p = 0.11) 
 
Adverse events 
No serious adverse events 
Adverse events were significantly more common with gabapentin (12 people) compared with placebo (four people ) p less 
than0.0001 
 
Most common side effects of gabapentin were drowsiness (six people), fatigue (four people) and imbalance (three people). 
 
Conclusion 
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Gabapentin is minimally effective for the treatment of painful diabetic neuropathy at a dosage of 900mg/day 

Hierarchy of Evidence Grading 1b 
Comments Gabapentin licensed in UK for following indications: neuropathic pain and adjunctive treatment of partial seizures with or without 

secondary generalisation in people not satisfactorily controlled by or intolerant to other anticonvulsants 
Dose of gabapentin or placebo increased by one capsule every 3 days to stable dosage of one capsule three times daily (900 
mg/day) that was maintained throughout the remainder of the treatment period. 
Study powered to have 80% powered to detect 20% reduction in pain scores 
Randomisation method not discussed 
Adverse events reported 
Double-blind 
Participants followed up 
Objective measurements not taken at baseline or during study 

Reference / Citation 268 



National Collaborating Centre 
for Chronic Conditions 

 

Page 69 of 106 

 

 
 

Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Harati, Y., Gooch, C., Swenson, M., Edelman, S., Greene, D., Raskin, P., Donofrio, P., Cornblath, D., Sachdeo, R., Siu, C. O., & 
Kamin, M. 1998, "Double-blind randomized trial of tramadol for the treatment of the pain of diabetic neuropathy.[comment]", 
Neurology., vol. 50, no. 6, pp. 1842-1846. 

N= N=131 Location=US Sites – multicentre Duration – 6 weeks 
Research Design Randomised, double-blind, placebo-controlled parallel trial. 
Aim To evaluate the efficacy and safety of tramadol in treating the pain of diabetic neuropathy 
Operational Definition Distal symmetric diabetic neuropathy documented by clinical, eletrophysiologic, or quantitative sensory testing and have pain on a 

daily basis in the lower extremities due to diabetic neuropathy for previous 3 months. 
Moderate pain, as assessed using Likert pain rating scale, in absence of analgesic therapy 

Population Diabetes mellitus and acceptable glycemic control (total glycosylated hemoglobin less than14%. 
Distal symmetric diabetic neuropathy documented by clinical, eletrophysiologic, or quantitative sensory testing and have pain on a 
daily basis in the lower extremities due to diabetic neuropathy for previous 3 months. 
Moderate pain, as assessed using Likert pain rating scale, in absence of analgesic therapy. Aged greater than18 yrs 
People were excluded if they had a known contraindication to or prior use of tramaol, peripheral neuropathy attributable to other 
cause such as alcoholism, connective tissue disease, or toxic exposure, pain more severe than neuropathic pain, sever depression, 
estimated creatinine clearance less than30mL/min, clinically significant medical conditions, profound autonomic dysfunction, or 
brittle diabetes, history of narcotic or alcohol abuse, use of multiple daily doses of narcotic analgesics or mexilitene on a regular 
basis, evidence of amputations (including toes), open ulcers or Charcot joint. 

Intervention Tramadol 50mg/day titrated up to 200mg/day 
(people discontinued tricyclic drugs or anticonvulsant 21 days before randomisation; shorter acting analgesics were discontinued 7 
days before randomisation. No pain medications other than study medications permitted) 

Comparison Matching placebo tablets 
(people discontinued tricyclic drugs or anticonvulsant 21 days before randomisation; shorter acting analgesics were discontinued 7 
days before randomisation. No pain medications other than study medications permitted) 

Outcome Outcomes assessed at days 1, 14, 28 and 42 of double blind phase 
Primary endpoint – patient-rated pain intensity score measured on day 42 or at time of discontinuation. 
Patient-rated pain relief 
Medical Outcomes Study 
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Quality of life 
Characteristics  

Characteristics Tramadol n = 65 Placebo n = 66 
Male, n (%) 39 (60) 39 (59) 
female, n (5) 26 (40) 27 (41) 
age, (y), mean (range) 59 (34-75) 59 (32-85) 
blood glucose mean (mg/dL) 231 206 
blood glucose range (mg/dL) 61-620 35-582 
Duration of diabetes (y), mean (range) 14 (1-45) 13 (2-47) 
Glycosylated Hgb values mean (% of 
total Hgb) 

10.8 10.6 

Glycosylated Hgb values (range (% of 
total Hgb) 

5.1-17 4.4-16 

Stabbing n (%) 13 (20) 8 (12) 
Burning n (%) 34 (52) 46 (70) 
Aching n (%) 18 (28) 12 (18) 

 
 

Results  Pain intensity 
Baseline ratings of pain intensity were similar in the tramadol (2.5 � 0.1) and placebo (2.6 � 0.1) and placebo (2.6 � 0.1) treatment 
groups. 
By day 14, people in the tramadol group had less pain than people in the placebo group. An even greater reduction in pain 
intensity in the tramadol group was demonstrated by day 28. 
At the final visit (day 42 or time of discontinuation), the mean pain intensity score was significantly (p less than0.001) lower for 
people treated with tramadol (1.4 � 0.1) than for people treated with placebo (2.2 � 0.1). 
 
Dosage 
Average tramadol dosage was 210 � 113mg/day 
 
Pain relief 
From days 14 to 28, people in the tramadol group had better pain relief than people in the placebo group. 
At the final visit, people treated with tramadol (2.1 � 0.2) had significantly greater pain relief compared with people treated with 
placebo (0.9 � 0.2) (p less than0.001) 
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Health and daily activities 
People treated with tramadol had significantly less pain (p less than0.001; tramadol 54.8 � 2.6, placebo 41.9 � 2.9) and scored 
significantly better on physical (p = 0.02; tramadol 64.3 � 3.8, placebo 55.1 � 4.0) and social functioning (p = 0.04; tramadol 75 � 
3.3, placebo 69.5 � 3.5) ratings than people treated with placebo. 
 
No statistically significant differences between treatments were noted for current health perception, psychological distress, overall 
role functioning and the two overall sleep problem indexes and sleep subscales. 
 
Adverse events 
The most common adverse events in the tramadol group were nausea (23.1%), constipation (21.5%), headache (16.9%) and 
somnolence (12.3%). 
Nine people treated with tramadol and one treated with placebo discontinued due to adverse events. The most common adverse 
events leading to discontinuation of tramadol were nausea and dyspepsia. 
 
Conclusion 
Tramadol was significantly more effective than placebo for treating the pain of diabetic neuropathy 

Hierarchy of Evidence Grading 1b 
Comments Tramadol is licensed in the UK  for moderate to severe pain 

Study powered to detect difference of 0.8 (after converting the Likert scale to 0 to 4) with 85% power and 5%level of significance. 
Intention to treat 
Assignment and randomisation described in detail 
Confounding variables taken into account in study design 
Full participant flow and follow-up discussed 
Last observation carried forward 
Four people, two in each group, had no post baseline efficacy assessment and were therefore not included in the efficacy analysis. 
No discussion of between site variation 
 

Reference / Citation 281 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Jamal, G. A. & Carmichael, H. 1990, "The effect of gamma-linolenic acid on human diabetic peripheral neuropathy: a double-
blind placebo-controlled trial", Diabetic Medicine., vol. 7, no. 4, pp. 319-323. 
Ref ID: 1733 

N= N=22 Location=UK Sites – 1 Duration – 6 months 
Research Design Randomised double-blind placebo-controlled parallel trial. 
Aim To investigate whether established distal diabetic polyneuropathy can be reversed by direct supplementation of gamma-linoleic 

acid. 
Population One or more neuropathic symptom, accompanied by one or more objective physical signs of distal ‘symmetrical’  polyneuropathy. 

one or more abnormality on nerve conduction studies, and an abnormality of thermal threshold measurement. 
Intervention 8 x 500mg capsules of evening primrose oil (360 mg gamma linolenic acid) (n = 12) 

(Only usual diabetes medication permitted) 
Comparison 8 x indistinguishable placebo capsules (n = 10) 

(only usual diabetes medication permitted) 
Outcome Neurological assessment 

Nerve conduction studies 
Characteristics   

 Treatment group 
 Linolenic acid Placebo 
n 12 10 
Type of diabetes (1/2) 5/7 4/6 
Age (years) 53 (21-74) 55 (23-74) 
Sex (M/F) 5/7 5/5 
Duration of diabetes (years) 14.8 15.2 
Duration of neuropathy (years) 3.2 3.1 

 
No significant differences in baseline characteristics 
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Results   
 Baseline End of Trial Difference 
 Active Placebo p Active Placebo p Active Placebo p 
Symptom 
scores 

8.5 � 0.5 8.1 � 0.5 NS 6.4 � 0.3 9.0 � 0.4 less 
than0.001 

-2.08 � 
0.48 

0.9 � 
0.61 

less 
than0.01 

Sign 
scores 

8.4 � 0.7 7.9 � 0.5 NS 8.2 � 0.7 8.1 � 0.4 NS -0.25 � 
0.12 

0.20 � 
0.19 

NS 

Median 
MCV 
(m/s) 

47.2 � 
1.5 

46.8 � 
2.8 

NS 48.8 � 
1.5 

45.3 � 
2.6 

less 
than0.01 

1.38 � 
0.78 

-1.42 � 
1.10 

less 
than0.01 

Peroneal 
MCV 
(m/s) 

36.8 � 
1.1 

37 � 1 NS 38.6 � 
1.0 

36.9 � 
0.9 

less 
than0.05 

1.86 � 
0.86 

-0.06 � 
0.65 

less 
than0.05 

Median 
CMAP 
(mV) 

4.8 � 0.6 4.8 � 0.5 NS 5.8 � 0.8 4.1 �0.4  less 
than0.01 

0.96 � 
0.44 

-0.68 � 
0.27 

less 
than0.01 

Peroneal 
CMAP 
(mV) 

4.2 � 0.7 3.6 � 0.6 NS 4.9 � 0.8 3.3 � 0.6 less 
than0.05 

0.74 � 
0.23 

-0.33 � 
0.14 

less 
than0.01 

median 
SNAP 
(uV) 

3.3 � 1.1 4.5 � 1.2 NS 5.1 � 0.9 2.8 � 0.7 less 
than0.01 

1.83 � 
0.87 

-1.7 � 0.6 less 
than0.01 

Sural 
SNAP 
(uV) 

1.8 � 0.2 2.0 � 0.4 NS 2.2 � 0.4 0.5 � 0.2 less 
than0.001 

0.42 � 
0.36 

-1.45 � 
0.46 

less 
than0.05 

Ankle 
HT (�C) 

4.9 � 2.6 4.4 � 0.7 NS 2.6 � 0.4 4.9 � 0.7 less 
than0.001 

-2.30 � 
0.64 

0.53 � 
0.19 

less 
than0.001 

Ankle CT 
(�C) 

1.4 � 0.4 2.2 � 0.5 NS 0.9 � 0.3 2.2 � 0.5 less 
than0.01 

-0.88 � 
0.64 

0.02 � 
0.01 

NS 

 2.0 � 0.8 1.3 � 0.4 NS 1.1 � 0.3 1.3 � 0.4 NS -0.48 � 
0.21 

0.02 � 
0.13 

less 
than0.01 

Wrist CT 
(�C) 

0.8 � 0.3 0.7 � 0.4 NS 0.4 � 0.1 0.7 � 0.4 NS -0.45 � 
0.38 

0.04 � 
0.03 

NS 
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HT = heat threshold CT – cold threshold MCV = motor conduction velocity CMAP = compound muscle action potential SNAP = 
sensory nerve action potential 
 
A significant improvement in the active compared with the placebo was seen in 9 of the 12 variables. 
 
No significant change in HbA1c 
No significant changes in fatty acid profile 
 
Levels of fatty acids 
In the active treatment groups levels of arachidonic, gamma linolenic and dihomogammalinolenic acids al increased significantly 
(towards normal values) by the end of the trial. 
 
Conclusion 
Compared with placebo, dietary supplementation with gamma-linolenic acid is associated with significant clinical, 
neurophysiological and quantitative sensory improvement in established distal diabetic polyneuropathy. 

Hierarchy of Evidence Grading 1b 
Comments Operational definition: One or more neuropathic symptom, accompanied by one or more objective physical signs of distal 

‘symmetrical’  polyneuropathy. one or more abnormality on nerve conduction studies, and an abnormality of thermal threshold 
measurement. 
Study not powered  
Randomisation method not discussed 
Short study duration 
Adverse events not reported 
Double-blind 
Only one dose administered – relevance of dose not discussed 
No discussion of who undertook measurements 
 

Reference / Citation 275 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Kastrup, J., Petersen, P., Dejgard, A., Angelo, H. R., & Hilsted, J. 1987, "Intravenous lidocaine infusion--a new treatment of 
chronic painful diabetic neuropathy?", Pain., vol. 28, no. 1, pp. 69-75. 

N= N=15 Location=Denmark Sites – 1 Duration – 10 weeks 
Research Design Randomised, double-blind, placebo-controlled crossover trial. 
Aim To investigate the effect of intravenous lidocaine infusion on the symptoms and signs of chronic painful diabetic neuropathy in 15 

diabetic people 
Population Diabetic people with one of the following symptoms of neuropathy: pain, dysesthesia, paresthesia, nightly exacerbation, sleep 

disturbances.  People were excluded if they suffered from alcohol abuse, cobalamin (vitamin B12 deficiency), uremia, cardiac or 
hepatic dysfunction, intermittent claudication or infections. 

Intervention Intravenous infusion of lidocaine (5mg/kg body weight) for 30 minutes (n = 7) 
 
(People were not allowed to use any analgesics 2 weeks prior to and during the entire investigation) 

Comparison Isotonic sodium chloride 1ml/kg body weight for 30 minutes (n = 8) 
 
(People were not allowed to use any analgesics 2 weeks prior to and during the entire investigation) 

Outcome 5-item symptom score scale (FIS) immediately before and after, the day after and once weekly 5 weeks after each infusion. 
Neurologic examination including plantar, ankle and knee reflexes, sensibility for touch and pain, position sense and stereognosis. 
Twice daily Visual Analogue Rating Scale (VAS) 
Serum HbA1c 
Blood glucose 

Characteristics   
 Median (range) 
Age (yrs) 47 (27-63) 
sex 6 female, 9 male 
Duration of diabetes (years) 20 (1-39) 
Duration of painful diabetic neuropathy (years) 3 (0.5-20) 
 number of people 
pain 13 
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Dysesthesia 12 
Paresthesia 15 
Nightly symptom exacerbation 13 
Absent reflexes 14 
Reduced sensibility for touch 13 
Reduced sensibility for pain 13 
Impaired position sense 2 
Impaired stereognosis 3 
Impaired sensation for pinprick and discrimination 12 
Increased great toe vibration threshold level 9 
Decreased beat-to-beat variation (less than15 beats/min) 10 

 
 

Results   
Effect of lidocaine and placebo infusion on the symptoms of painful diabetic neuropathy 

 Number of people with symptoms 
 Lidocaine infusion Placebo infusion P 
 Before After Before After  
Pain 13 4 13 9 less than0.10 
Dysesthesia 12 4 12 9 less than0.1 
Paresthesia 15 4 15 12 less than0.1 
Nightly 
Exacerbation 

13 3 13 9 less than0.1 

Sleep disturbance 11 3 11 7 greater than0.1 
 
Immediately after the lidocaine infusion, there was a statistically significant reduction of the symptoms of painful diabetic 
neuropathy when evaluated both by FIS and VAS. 
Using FIS, a significant beneficial effect was observed 1,8 and 15 days after lidocaine infusion (p less than0.05, p less than0.02 and 
p less than0.10, respectively) 
 
The duration of the symptom-relieving effect of lidocaine ranged in the individual subject from 3 to 21 days. 
Lidocaine had a nearly significant beneficial effect n the symptoms: pain, dysesthesia, paresthesia and nightly exacerbation (p less 
than0.10 for all) 
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Eleven people had a reduction in pain score greater than 15mm on the VAS the first 3 days after lidocaine infusion, compared with 
4 people after placebo infusion (p less than0.05) 
At no time after the lidocaine infusion was there any change in the objective signs of diabetic neuropathy. 
 
No side effects were noted during the infusions. 
 
Conclusion 
Intravenous infusion of lidocaine had a pain-relieving effect up to 14 days after infusion when compared with placebo. 

Hierarchy of Evidence Grading 1b 
Comments Operational definition: More than one of the following symptoms: pain, dysesthesia, paresthesia, nightly exacerbation, sleep 

disturbances. 
Study not powered – very small groups (n = 7 in one arm) 
Washout period of 5 weeks between treatments 
Randomisation method not discussed 
Data analysed per protocol 
No discussion of confounding factors 
Drug only administered once for 30 minutes.  
Ill-defined selection criteria for subjects 
 

Reference / Citation  
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
Q59: What is the optimum method of managing autonomic neuropathy in adults with Type 1 diabetes? 

 

Author / Title / Reference / Yr  Keen, H., Payan, J., Allawi, J., Walker, J., Jamal, G. A., Weir, A. I., Henderson, L. M., Bissessar, E. A., Watkins, P. J., & Sampson, 
M. 1993, "Treatment of diabetic neuropathy with gamma-linolenic acid. The gamma-Linolenic Acid Multicenter Trial 
Group.[comment]", Diabetes Care., vol. 16, no. 1, pp. 8-15. 

N= N=111 Location=UK and Finland Sites – 7 Duration – 12 months 
Research Design Randomised double-blind placebo-controlled parallel trial. 
Aim To compare the effects of placebo and gamma linolenic acid on the course of mild diabetic neuropathy over 1 yr 
Population Diabetes mellitus, 18-70 yrs of age, no major changes in diabetes management for greater than 6 months; Two of the following 

neurophysiological criteria in the same limb – peroneal MNCV less than40m/s at 34 �C, sural MNCV less than 40m/s at 34 �C, 
sural SNAP less than5uV, and heat threshold or cold threshold outside the 99% confidence limit for normal individuals; and have 
clinical evidence of neuropathy, such as paresthesia, numbness, weakness, impaired reflexes, or pain.  People with other forms of 
neuropathy or severe neuropathy were excluded. 

Intervention 480 mg/day GLA. 
12 capsules per day (6 b.i.d) of EF4 (each capsule contains 40mg of gamma linolenic acid) 

Comparison Placebo capsules appearing identical but containing liquid paraffin. 
Outcome Participants evaluated at 3,6 and 12 months 

Neurophysiological measures - HT = heat threshold CT – cold threshold MCV = motor conduction velocity CMAP = compound 
muscle action potential, SNAP amplitude 
Neurological examination  - muscle strength, movement, tendon reflexes, sensation 
Biochemical measurements – HbA1, haematology, electrolytes, protein, albumin, fructosamine etc 

Characteristics   
 Treatment group 
 Linolenic acid Placebo 
n 54 57 
Type of diabetes (1/2) 24/29 33/22 
Age (years) 53 (21-74) 55 (23-74) 
Sex (F/M) 18/36 12/45 
Duration of diabetes (years) 12.4 � 10 13.5 � 10.9 
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Baseline measurements for neurophysiological characteristics also in table 
No significant differences in baseline characteristics; however greater number of males and type 1 people in placebo group. 
 

Results   
 Change with GLA change with placebo Difference between 

treatments 

  p  p  p 

Neurophysiological parameters 

Peroneal 
MNCV 
(m/s) 

+2.23  � 
0.95 

less 
than0.05 

-1.86 � 
0.99 

NS 4.09 
(1.35-
6.83)  

less 
than0.01 

Median 
MNCV 
(m/s) 

+2.37 � 
1.08  

less 
than0.05 

-2.14 � 
1.02 

less 
than0.05 

4.51 
(1.54-
7.49) 

less 
than0.01 

Extensor 
digitoriu
m brevis 
CMAP 
(mV) 

+1.22  � 
0.46 

less 
than0.02 

-0.62 � 
0.26 

less 
than0.05 

1.84 
(0.75-
2.94)  

less 
than0.01 

Thenar 
CMAP 
(mV) 

+1.44 � 
0.64 

less 
than0.05 

-1.13 � 
0.52 

less 
than0.05 

2.57 (0.9-
4.24) 

less 
than0.01 

Sural 
SNAP 
(uV) 

+1.68  � 
0.82 

less 
than0.05 

-0.96 � 
0.65 

NS 2.64 
(0.54-
4.75)  

less 
than0.02 

Median 
SNAP 
(uV) 

+2.41 � 
0.79 

less 
than0.01 

-1.28 � 
0.58 

less 
than0.05 

3.68 (1.6-
5.68) 

less 
than0.001 

Thermal sensitivity parameters 
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Wrist 
heat 
threshold 
(�C) 

0.84 � 
0.42 

less 
than0.05 

-0.39  � 
0.22 

NS 1.23 
(0.28-
2.17) 

less 
than0.01 

Ankle 
cold 
threshold 
(�C) 

+1.79 �  
0.95  

NS -0.42 � 
0.71 

NS 2.21 (-
0.15-
4.57) 

NS 

Wrist 
cold 
threshold 
(�C) 

+0.82 � 
0.29 

less 
than0.01 

-0.29 � 
0.2 

NS 1.11 (0.4-
1.81) 

less 
than0.01 

Neurological parameters 
Arm 
Muscle 
strength 
(averaged 
x 102) 

+4.9 � 
2.7 

NS -7.4 � 2.9 less 
than0.02 

12.3 (4.5-
20.1) 

less 
than0.01 

Leg 
Muscle 
strength 
(averaged 
x 102) 

+5.4 � 
3.9 

NS -9.2 � 5.0 NS 14.6 (2.2-
27.1) 

NS 

Arm 
Tendon 
reflexes 
(averaged 
x 102) 

+2.9 � 
4.7 

NS -12 � 5.6 NS 14.9 (0.4-
29.4) 

less 
than0.02 

Leg 
Tendon 
reflexes 
(averaged 
x 102) 

+17.7 � 
5.6 

less 
than0.01 

+0.5 � 
6.8 

NS 17.1 (-
0.2-34.4) 

less 
than0.05 

Arm 
Sensation 

+6.9 � 
3.4 

NS -7.3 � 3.6 less 
than0.05 

14.2 (4.3-
24.1) 

less 
than0.02 



National Collaborating Centre 
for Chronic Conditions 

 

Page 81 of 106 

(averaged 
x 102) 
Leg 
sensation 
(averaged 
x 102) 

+15 � 5.4 less 
than0.02 

-8.4 � 3.9 less 
than0.05 

23.4 (9.9-
36.9) 

less 
than0.01 

 
HT = heat threshold CT – cold threshold MCV = motor conduction velocity CMAP = compound muscle action potential SNAP = 
sensory nerve action potential 
(+) improvement (-) deterioration 
 
Follow-up 
52 people in the active group, 48 in the placebo group had at least one evaluation 
44 people in the GLA group and 40 in the placebo group completed the full study 
 
Adverse events 
Only two cases of nausea or vomiting in each group were thought to be treatment related. 
 
Neurophysiological parameters 
8/10 neurophysiological parameters significantly improved with GLA treatment compared with placebo 
 
Neurological parameters 
Change in response to GLA was significantly better in 5/6 assessments compared with placebo 
 
MNCV 
No significant effect of age, sex, age at onset, duration of diabetes 
 
Overall sensation 
No significant effect of age, sex, age at onset, duration of diabetes 
 
Effect of starting level of HbA1 
When the starting level of HbA1 was less than10%, the improvement with GLA was considerably greater for all 16 parameters than 
when HbA1 level was greater than10% 
 
Conclusion 
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Gammalinolenic acid was significantly superior in improving neurophysiological, neurological and thermal sensation  parameters 
of diabetic neuropathy compared with placebo over a 1 year period. 

Hierarchy of Evidence Grading 1b 
Comments Operational definition: Two of the following neurophysiological criteria in the same limb – peroneal MNCV less than40m/s at 34 

�C, sural MNCV less than 40m/s at 34 �C, sural SNAP less than5uV, and heat threshold or cold threshold outside the 99% 
confidence limit for normal individuals; and have clinical evidence of neuropathy, such as paresthesia, numbness, weakness, 
impaired reflexes, or pain. 
Gamolenic acid licensed for atopic eczema and mastalgia in UK 
Study not powered  
Randomisation method not discussed 
Adverse events reported 
Confounding variables taken into account 
Double-blind 
Participants followed up 
Last observation carried forward 
Withdrawals discussed 
No details of concomitant medication 
Variability between sites not discussed 

Reference / Citation 276 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Kumar, D. & Marshall, H. J. 1997, "Diabetic peripheral neuropathy: amelioration of pain with transcutaneous electrostimulation", 
Diabetes Care, vol. 20, pp. 1702-1705. 

N= N=31 Location=US Sites – 1 Duration – 4 weeks 
Research Design Randomised, single-blind, sham-controlled parallel trial. 
Aim To evaluate the efficacy of transcutaneous electrotherapy for chronic painful peripheral neuropathy in people with type 2 diabetes 
Population Age 31-70, type 2 diabetes, symptoms of painful peripheral neuropathy involving both lower extremities for greater than 2 months.  

Patient pain was graded, and people with scores greater than2 were selected.  People were excluded if their was clinical evidence of 
vascular insufficiency of legs or feet (history of claudication, discoloration of skin, ulceration), uncontrolled angina pectoris, 
cardiac arrhythmia, congestive heart failure, myocardial infarction within the past 6 months, untreated hypertension, 
cerebrovascular ischaemia, psychiatric disease or substance abuse including alcohol, biochemical evidence of significant renal 
(serum creatinine greater than 177 umol/l) or liver disease. People on corticosteroid, dilantin, or chemotherapeutic agents. 

Intervention Transcutaneous electrotherapy – working electrotherapy machines (30 minutes each day at home) 
(people discontinued analgesics, including tricylic antidepressants) 

Comparison sham-treatment – machine with inactive electrodes (30 minutes a day at home) 
(people discontinued analgesics, including tricylic antidepressants) 

Outcome People examined 1 month after discontinuation of electrotherapy to assess neuropathic symptoms. 
Patient-rated pain on 5 point scale 
Analogue scale used to record overall improvement in symptoms at follow-up visits 

Characteristics  
Characteristics Sham n = 13 Electrotherapy n = 18 
Male, n  5 7 
female, n  8 11 
age, (y) 59  53 
Duration of diabetes (y) 12 � 2 9 � 2 
Duration of neuropathic symptoms 
(months) 

22 � 4 16 � 3 

Average pain grade 2.92 � 0.13 3.17 � 0.12 
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At initial visit, each patient complained of pain and burning in the feet. 
Total loss of touch sensation at toes and plantar aspects in nine cases 
The vibration sense in big toes was lost in 10 patients, and the ankle jerk was absent in 21. 
On pain grading, 23 people scored 3, 5 people scored 4 and 3 people scored 2. 
Pain scores and duration of neuropathic symptoms did not differ between the people randomised to the electrotherapy or sham-
treatment (control) group. 

Results  Sham treatment 
Neuropathic symptoms did not change in 8 (62%) of these people, and their pain scores remained unaltered. 
The pain scores improved by one grade in three cases and by two grades in two other people. 
Mean pain score declined from 2.92 � 0.13 to 2.38 � 0.36; this grade reduction of 0.54 � 0.21 was significant (p = 0.04) 
 
Transcutaneous electrotherapy 
Symptomatic improvement was seen in 15 (83%) of people in the group; 3 of them improved by 3 grades, 8 by 2 and the other 4 by 
1. 
Three people, who had initial pain scores of 3, became completely asymptomatic. 
 
The group mean score declined from 3.17 � 3.12 to 1.44 � 0.25, and these changes were significant (p less than0.01) 
 
Post-treatment pain scores for these people were lower compared with those for the sham-treated people (1.44 � 0.25 vs 2.38 � 
0.26, p less than0.03)  
 
Subjective improvement 
People were questioned for subjective improvements in overall neuropathic symptoms using analogue scale. 
Amelioration was significantly greater in the electrotherapy group (52 � 7% reduction in symptoms) as compared with the control 
group (27 � 10% reduction, p less than0.05) 
 
Side effects 
One patient in the control group reported burning sensation at the site of electrode placement. No other local or systemic side effect 
were noticed. 
 
Conclusion 
Transcutaneous electrotherapy reduced the pain of peripheral neuropathy in this short-term 1 month study.  

Hierarchy of Evidence Grading 1b 
Comments Operational definition: symptoms of painful peripheral neuropathy involving both lower extremities for greater than2 months 
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Study not powered 
Randomisation not described 
Short term study 
One outcome time point 
type 2 diabetes only 
narrow age range 
no discussion of why more randomised people ended up in TENS group 
Outcomes all subjective (possibility of being influenced by investigator esp. with single blind study) 
compliance of home-treatment not discussed 
 

Reference / Citation  
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Lee, Y., Robinson, M., Wong, N., Chan, E., & Charles, M. A. 1997, "The effect of pentoxifylline on current perception thresholds 
in patients with diabetic sensory neuropathy", Journal of Diabetes & its Complications, vol. 11, pp. 274-278. 

N= N=50 Location=US Sites – multicentre Duration – 1 year 
Research Design Randomised, double-blind, placebo-controlled parallel trial. 
Aim To investigate the effects of pentoxifylline on diabetic sensory neuropathy 
Population Type 1 or type 2 diabetics with typical symptoms – pain, paresthesia, or numbness – at level of 2-3 for any one endpoint using a 

neurological examination on a five-point scale. 
Intervention Pentoxifylline (no dosage given) 

(Details of concomitant medications not discussed) 
Comparison Placebo 

(Details of concomitant medications not discussed) 
Outcome Glycated hemoglobin, blood pressure, current perception threshold (CPT) test – three locations tested were extensor surface of 

distal phalanx of the great toe, the extensor surface of the ankle at the modline, and the extensor surface of the leg, 2 cm below the 
patella, in the midline. 

Characteristics   
 Group 
n 25 25 
sex 20 M, 5 F 22 M, 3F 
Age (years) 51 � 12 53 � 14 
Diabetes type II/I 16/9 15/10 
Diabetes duration (years) 17 � 11 14 � 9 
Neurological symptom score   
Pain 0.7 � 0.7 0.5 � 0.7 
Paresthesia 0.6 � 0.7 0.5 � 0.5 
Numbness 0.6 � 0.7 0.5 � 0.5 
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Results  Participants were randomised after 2 months 
 
Pentoxifylline 
Ankle 
The pentoxifylline group at 5 Hz showed a slight increase from baseline in ankle CPT seen at visits at 4 months and 10 months, 
which were statistically significant. No significant differences between were seen at other times. 
No significant differences were seen from baseline in ankle CPT at 2000 Hz. 
 
Leg 
At 2000Hz the pentoxifylline group demonstrated a significant increase in leg CPT at 4 months and 10 months 
 
Placebo 
No significant improvements from baseline were seen at either 5Hz or 200Hz in the placebo group. 
 
Pentoxifylline vs placebo 
No significant differences between groups for all three tested anatomic sites at all Hz levels. 
 
Analysis of glycated hemoglobin as a variable revealed no significant differences between groups. 
Analysis of systolic blood pressure showed a significant point at 6  months. 
Analysis of diastolic blood pressure showed a significant point at 10 months 
 
Conclusion 
Placebo and pentoxifylline show no significant differences in CPT values 

Hierarchy of Evidence 
Grading 

1b 

Comments Operational definition: Typical symptoms – pain, paresthesia, or numbness – at level of 2-3 for any one endpoint using a 
neurological examination on a five-point scale. 
Statistical tests used were t-test and ANOVA. 
No pentoxifylline dosage given 
No drug administration protocol 
Study not powered  
Randomisation method not discussed 
Adverse effects not discussed 
Data analysed per protocol 
Ill-defined selection criteria for subjects 
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Variation in sites not discussed 
Number of sites not stated 

Reference / Citation  
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Max, M. B., Kishore-Kumar, R., Schafer, S. C., Meister, B., Gracely, R. H., Smoller, B., & Dubner, R. 1991, "Efficacy of 
desipramine in painful diabetic neuropathy: a placebo-controlled trial", Pain., vol. 45, no. 1, pp. 3-9. 

N= N=24 Location=US Sites – 1 Duration – 12 weeks 
Research Design Randomised, double-blind, placebo-controlled crossover trial. 
Aim To investigate the analgesic effect of desipramine in painful diabetic neuropathy 
Population Symptoms and signs of diffuse, predominantly sensory neuropathy or single or multiple mono neuropathy 

Daily pain persisting at least 3 months 
Active diabetes or history of diabetes, normal cognitive and communicative ability 
People were excluded if there was evidence of another aetiology for neuropathy, depression severe enough to mandate immediate 
treatment with tricyclic medication; and medical contraindications to the use of desipramine 

Intervention Desipramine 12.5-250mg/day (titration of dose to level not producing distressing side effects) 
(Concomitant medication not discussed) 

Comparison Active placebo 0.5-1mg/day chosen to mimic dry mouth produced by desipramine 
(Concomitant medication not discussed) 

Outcome Diary record of pain on 13 point scale 
Global rating self-rating of pain relief 
Pain evoked during stimulation 
Side effects 
drug levels in serum 

Characteristics   
Sex 15 men, 9 women 
Age (yrs) 62 (21-71) 
Duration of painful diabetic neuropathy (months) 24 (5-120 month) 
 number of people 
Distal symmetric pain 21 
feet 12 
feet, legs, hands 15 
Proximal leg, asymmetric 13 



National Collaborating Centre 
for Chronic Conditions 

 

Page 90 of 106 

 
Quality of pain also presented and results of neurological exam. 
 

Results  Pain Relief 
People initially receiving placebo had no relief until switched to desipramine; then pain declined steadily for 6 weeks. 
Group that began with desipramine reported progressive lessening of pain, but pain returned within 2 weeks after crossover to 
placebo 
 
Mean pain intensity diary scores in week 6, a within patient comparison showed that desipramine was superior to placebo (p less 
than0.01). (Intention to treat analysis did not change the result) 
 
Comparisons at earlier time points showed desipramine to be effective beginning in week 5 (p less than0.05) 
 
Eleven of the 20 people who completed both treatments categorized overall relief with desipramin as moderate or better, compared 
with 2/20 with placebo. 
 
Steady burning pain was significantly reduced with desipramin, relative to placebo (p less than0.05) 
 
There was neither a significant period effect not a carryover effect. 
 
Drug dose and serum level 
Mean desipramine dose during weeks 5-6 of treatment was 201mg/day (range 87.5-250mg/day) for the 20 who completed both 
treatments 
 
Adverse effects 
Two dropouts occurred during desipramine treatment; one patient had unexplained seizure and once complained of insomnia. 
Two dropouts occurred during placebo treatment; one patient developed chest pain and the other withdrew from placebo treatment 
when pain returned. 
Reports of dry mouth, sedation or constipation were common with either treatment during escalation of drug dosage. 
Symptoms of orthostatic hypotension were observed in 4 people during desipramine treatment, compared with one on placebo. 
 
Conclusion 
Desipramine is superior to placebo in relief of painful diabetic neuropathy. 

Hierarchy of Evidence Grading 1b 
Comments Operational definition: Symptoms and signs of diffuse, predominantly sensory neuropathy or single or multiple mono neuropathy 
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Daily pain persisting at least 3 months 
Study not powered  
Randomisation method not discussed 
Allocation concealment discussed 
Double-blind 
Verbal descriptors recorded in pain diary converted to numerical equivalent using scales quantified in previous studies 
Scores compared for week 6 
Period effect and treatment interaction analysed 
No washout period 
Twenty people completed both treatments 
Reasons for withdrawal discussed 
Data analysed per protocol 

Reference / Citation 270 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Oskarsson, P., Ljunggren, J. G., & Lins, P. E. 1997, "Efficacy and safety of mexiletine in the treatment of painful diabetic 
neuropathy. The Mexiletine Study Group", Diabetes Care., vol. 20, no. 10, pp. 1594-1597. 

N= N=127 Location=Sweden Sites – Duration – 3 weeks 
Research Design Randomised, double-blind, double-dummy, placebo-controlled parallel trial. 
Aim To investigate the efficacy and safety of mexilitine in the treatment of painful diabetic neuropathy 
Population Inclusion 

type 1 or type 2 diabetes with painful diabetic neuropathy for more than 4 weeks, age 18-75 yrs, vibration threshold measurements 
or loss of Achilles tendon reflexes indicating neuropathy 
Exclusion 
pregnancy, neuropathy of other origin, severe limb ishcaemia, renal insufficiency, severe liver disease, heart failure stages II-IV, 
sinus bradycardia (less than50 beats/minute), permanent AV block, left bundle branch block, greater than 100 ventricular ectopic 
beats per 24h in people below 50, QTc exceeding 0.44s, people with ongoing treatment with rifampicin, beta-blockers, quinidine, 
propafenon, flecainide or theophylline. 

Intervention Group 1 - Mexiletine 225mg daily final dose (n = 31) (divided and taken 3 times daily) 
Group 2 – Mexiletine 450mg daily final dose (n = 33) (divided and taken 3 times daily) 
Group 3 – Mexiletine 675mg daily final dose (n = 31) (divided and taken 3 times daily) 
  
All participants started on 75mg then titrated upwards to receive final dose in last 2 weeks of study. 
 

Comparison Group 4 - Placebo (divided and taken 3 times daily) 
 

Outcome Reduction of pain as assessed by each patient on a horizontal visual analogue scale (VAS) of 10 cm 
Characteristics   

 Treatment group    
 I II III IV 
Daily dose of 
mexiletine (mg) 

225 450 675 placebo 

n 31 33 31 31 
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sex (F/M) 20/11 24/9 22/9 24/7 
Age (yrs) 57 � 11 55 � 10 51 � 14 57 � 9 
Duration of diabetes 
(years) 

14 (1-40) 12 (0.5-28) 18 (1-67) 14 (1-51) 

Mean blood pressure 
(systolic/diastolic) 
(mmHg) 

145/83 142/83 141/83 142/88 

HbA1c 8.27 � 1.7 7.93 � 1.7 8.47 � 1.7 7.81 � 1.7 
 
 

Results  Nigh time Pain 
A significant reduction in pain during night time as estimated by the VAS score was observed in group III (675 mg) compared 
with the placebo group (p = 0.029). 
A significant reduction in sleep disturbances was observed in group III (675mg) compared with placebo group (p = 0.046) 
 
Daytime pain 
No significant difference between groups. 
 
Global assessment of efficacy 
No significant difference between groups 
 
Adverse events 
No serious adverse events reported. 
17 people reported adverse events, 6 people reported more than one. 
 
Conclusion 
The present study demonstrates significant amelioration of night time pain and sleep disturbances in people given 675mg 
mexiletine compared with placebo. 

Hierarchy of Evidence Grading 1b 
Comments Operational definition: vibration threshold measurements or loss of Achilles tendon reflexes indicating neuropathy 

Mexilitine licensed for ventricular arrhythmias 
No description of randomisation 
All capsules containing mexiletine or placebo were of identical size and shape and packed in blister charts. 

 Plasma collected for determination of mexiletine levels. 
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Data from 10 people excluded from explanatory analyses – nine of these patient received mexiletine – reasons for exclusion: 
allergic reaction, tachycardia, enteritis, breast cancer, thrombosis, tiredness, dizziness, no compliance and diarrhoea and chest 
pain. 
ANOVA  
Study not powered 
 

Reference / Citation 278 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Stracke, H., Meyer, U. E., Schumacher, H. E., & Federlin, K. 1992, "Mexiletine in the treatment of diabetic neuropathy", Diabetes 
Care, vol. 15, pp. 1550-1555. 

N= N=95 Location=Germany Sites –7 Duration – 5 weeks 
Research Design Randomised, double-blind, placebo-controlled parallel trial. 
Aim To investigate the efficacy of mexilitine in painful diabetic neuropathy 
Population 18-65 yrs, pain or malaise cause by diabetic neuropathy must clearly  impair patient’ s life and require treatment; the intensity of 

pain must be 25% on the VAS, duration of symptoms at start of study at least 4 mo, maximum 5 yrs.  People were excluded where 
there was the possibility of pregnancy, neuropathy of other origin, alcohol abuse, vitamin B12 deficiency, renal insufficiency, 
cirrhosis of the liver, hepatitis, sever chronic damage to the liver, manifest cardiac insufficiency, myocardial infarction less 
than3mo before, cardiac arrhythmia, occlusive arterial disease. 

Intervention 75mg mexiletine 3 times/day for 1 wk, raised in weekly intervals to 150 and 225 mg mexiletine (5 weeks total) 
(medication to treat diabetic neuropathy not permitted. 5 x 500mg paracetamol permitted) 

Comparison Placebo labelled low dose for 1 wk,  corresponding doses raised in weekly intervals.(5 weeks total) 
(medication to treat diabetic neuropathy not permitted. 5 x 500mg paracetamol permitted) 

Outcome neurological status, ECG, blood glucose. 
VAS used to quantify pain 2 times/day 
Verbal pain score according to McGill was filled in at weekly intervals 
Adverse effects 
Paracetamol consumption 

Characteristics   
 Patient groups 
 Mexiletine Placebo 
n 47 48 
sex (F/M) (%) 25 53/22 (47) 17 (35)/31 (65) 
Age (yr) 56 (31/74) 57 (43-75) 
Type 1 diabetes (%) 31 (66) 34 (71) 
Oral antidiabetic agents 21 (45) 16 (33) 
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Results  Total evaluation of the McGill Scale (PRIT) 

 Mexiletine Placebo 
 n beginning End Difference n Beginning End Difference 
Dosages         
low 7 17.7 � 7 8.4 � 9.9 -9.3 � 6.8 1 13 0 -13 
medium 18 24.3 � 12.6 12.2 � 10 -12.1 � 9.7 12 28.2 � 11 19.8 � 14 -8.3 � 8.2 
high 21 29.1 � 13.3 20.4 � 18.7 -8.7 � 14 35 26.1 � 12.7 21.3 � 13.7 -4.8 � 10.5 
Pooled 
data 

46 25.5 � 12.7 15.4 � 15.2 -10.1 � 
11.5 

48 26.3 � 12.3  20.5 � 13.8 -5.9 � 10.0 

 
No significant differences between treatments. 
 
Data for people with 1 of 4 of the following symptom sensations (stabbing, burning, hear or formication) – post hoc analysis 

 Mexiletine Placebo 
 n beginning End Difference n Beginning End Difference 
At least         
One 
symptom 

40 26.2 � 13 15 � 16.1 -11.2 � 
11.3 

40 27.5 � 12.9 22.2 � 14.1 -5.3 � 10.5 
(p=0.0172) 

Two 
symptoms 

22 26.6 � 11.2 13.0 � 12.9 -13.6 � 
10.5 

25 27.0 � 15.2 21.7 � 14.8 -5.3 � 10.7 
(p=0.0099) 

Three 
symptoms 

8 31.5 � 11.4 13.5 � 16.1 -18 � 11.4 11 32.4 � 13.1 28.4 � 14.8 -4.0 � 13.2 
(p=0.0248) 

 
Mexilitine was significantly better than placebo in people describing their complaints as sensations of stabbing, heat, and/or 
burning or formication. 
 
VAS 
No significant differences between groups 
 
Evaluation of secondary parameters 
37 people did not take additional paracetamol; however no difference between groups. 
 
Tolerance 
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40 people in the mexiletine group (85%) and 46 people taking placebo (95%) rated tolerance as good. 
 
Side effects 
Undesirable side-effects were observed in 11 mexiletine-treated people and 6 placebo-treated people. 
 
Conclusion 
Using global criteria mexiletine was no more effective than placebo in the treatment of painful diabetic neuropathy; however, a 
post-hoc analysis demonstrated that criteria based on specific sensations show mexiletine to be more effective than placebo. 

Hierarchy of Evidence Grading 1b 
Comments Mexilitine licensed for ventricular arrhythmias 

ANOVA used to study variance by treatment centre 
No description of randomisation 
Intent to treat 
Global assessments (VAS and McGill) not very specific 

Reference / Citation 279 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Yuen, K. C., Baker, N. R., & Rayman, G. 2002, "Treatment of chronic painful diabetic neuropathy with isosorbide dinitrate spray: 
a double-blind placebo-controlled cross-over study", Diabetes Care., vol. 25, no. 10, pp. 1699-1703. 

N= N=24 (20 type 2 diabetics, 2 type 1 diabetics, 2?) Location=UK Sites – 1 Duration – 8 weeks 
Research Design Randomised, double-blind, placebo-controlled crossover trial. 
Aim To examine the effects of isosorbide dinitrate (ISDN), a NO donor with local vasodilating properties, in spray form in the 

management of chronic neuropathic pain 
Population Type 1 and type 2 diabetics not on any other medications for their neuropathic pain and with stable diabetic control. Pressure 

index ratio of ankle systolic pressure (mean of posterior tibial and dorsalils pedis) to brachial systolic pressure was greater than0.8 
in each foot, and the foot pulses were palpable by two difference investigators, thus excluding significant PVD as a cause of pain.  
People were excluded if they had erratic glycemic control, peripheral vascular disease (PVD) with absent foot pulses, presence of 
active foot ulceration, treatment with sublingual glyceryl nitrate, males on concurrent sildenafil therapy for erectile dysfunction, 
neuropathic pain in upper limbs (affecting the patient’ s evaluation of pain), and the presence of other causes of peripheral 
neuropathies. 

Intervention Isosorbide dinitrate (ISDN) 30mg spray for 4 weeks – 2 week washout – placebo 4 weeks (n = 10)  
(people asked to spray both feet with one acutation (30mg) each before retiring to bed) 

Comparison Placebo (40% propylene glycol in water) 4 weeks – 2 week washout – ISDN 4 weeks (n = 12) 
Outcome Participants assessed bi-weekly 

Visual Analogue Scale (VAS),  Sensation of pain (3 cm Lickert scale), likelihood of reusing spray, testing and grading of deep 
tendon reflexes, checking for sensory neuropathy using Semmes-Weinstein monofilament, vibration test, general examination of 
lower limb, HbA1c  

Characteristics 22 people 
Age 63.7 � 1.8 (41-76) 
13 males, 9 females 
Duration of diabetes (years) 9.1 � 1.5 
Duration of neuropathy (years) 3.0 � 0.5 
Of 20 type 2 diabetic people, 9 were treated with insulin, 9 with oral hypoglycaemic agents and 2 with diet. 

Results  Pain relief 
Significant reductions in pain (p = 0.02) and burning sensation (p = 0.006) were observed using the ISDN spray compared with 
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placebo. 
 

Time point Median VAS pain scores Quartiles (25%, 75%) 
Run in 5.5 5.0, 7.0 
ISDN baseline 5.5 4.0, 7.0 
ISDN intermediate 3.5 1.3, 6.0 
ISDN final 3.5 1.3, 6.0 
ISDN difference (final minus baseline) -2.0  
Placebo baseline 5.0 4.3, 6.0 
Placebo intermediate 5.0 3.0, 5.0 
Placebo final 5.0 2.3, 7.0 
Placebo difference (final minus 
baseline) 

0 - 

 
No significant differences were seen between the effects of the ISDN and placebo sprays in modifyling other sensory modalities 
 
At study completion, 1a people (50%) reported benefit and wished to continue using the ISDN spray, 4 people (18%) preferred the 
placebo spray, and the remaining 7 people (32%) were undecided 
 
Carryover effect 
No significant carryover effect for both ISDN and placebo sprays was observed. 
 
Diabetic control 
There was no difference in the HbA1c values, reflecting diabetic control, at study entry and on study completion (7.8 � 0.3% vs 
8.1 � 0.4%; p = 0.14) 
 
Side effects 
During the ISDN phase of the study, two people developed mild transient headaches, which resolved spontaneously and did not 
affect overall compliance with the spray. 
 
Conclusion 
ISDN spray reduced pain and was associated with improvements in sleep, mobility and mood. 

Hierarchy of Evidence Grading 1b 
Comments Isosorbide dinitrate spray is licensed in the UK for prophylaxis of angina/unresponsive left ventricular failure secondary to acute 
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MI 
24 people recruited, 2 failed to attend follow up after two visits and were not included in analysis 
Study not powered 
Double blind 
Small study 
Not intent to treat 
Randomisation method not discussed 
No details of investigators undertaking assessment 

Reference / Citation 277 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Zhang, W. Y. & Po, A. L. W. 1994, "The effectiveness of topically applied capsaicin. A meta-analysis", European Journal of 
Clinical Pharmacology, vol. 46, no. 6, pp. 517-522. 

N= RCT=4 
4 double blind placebo controlled trials examined 0.075% cream 

Research Design Meta analysis of RCTs 
Aim To undertake a quantitative overview of trials of topical capsaicin for the treatment of diabetic neuropathy (results for 

osteoarthritis, post-herpetic neuralgia and psoriasis not presented in evidence table) 
Population Diabetic neuropathy 
Intervention Capsaicin cream 0.075% cream, q.i.d. 
Comparison Placebo  
Outcome Global judgements, pain relief or fall in pain intensity 
Characteristics Methodology 

RCTs identified by searching Institute of Scientific Information Database (BIDS) and MEDLINE, English languageliterature, 
cross referencing undertaken. No attempt was made to retrieve full reports of unpublished studies from manufacturers or authors 
of abstracts. 
 
Inclusion criteria: In order to be included in the statistical pooling of response, a trial had to be randomised, double-blind, and 
placebo-controlled. The number of subjects treated and showing improvements had to be described for both capsaicin and placebo 
treatments. Case reports, uncontrolled studies, and some abstracts in which the necessary data were not available were excluded, 
although the results were included in a semi-quantitative summary. 
 
Response used for pooling was the proportion of subjects showing improvement. 

Results   
Reference Design 

and 
duration 

Outline of demographics Capsaicin 
formulation 

Number with clinical 
improvement 

Method 
of 
assessme
nt 

  Age M/ Type of Exclusions  Capsaicin Placebo  
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(y) F diabetes 
Chad et al., 
1990 

Double-
blind, 
placebo – 
4 weeks 

18-85  Type 1 
and 2 

 0.075% 
q.i.d. 

17/24 11/22 physician
s global 
evaluatio
n 

Scheffler et 
al., 1991 

Double-
blind, 
placebo – 
8 weeks 

18-92 19/
35 

Type 1 
and 2 

Fasting blood 
glucose greater 
than10 
mmol/L, other 
skin disorders 

0.075% 
q.i.d. 

17/19 11/22 Physician
s global 
evaluatio
n 

Capsaicin 
Study 
Group 
1991 

Double-
blind, 
placebo – 
8 weeks 

18-85 139
/13
8 

Type 1 
and 2 

Fasting blood 
glucose greater 
than9.99 
mmol/L, other 
skin disorders 

0.075% 
q.i.d. 

65/91 57/111 Physician
s global 
evaluatio
n 

Tandan et 
al., 1992 

Double-
blind, 
placebo – 
8 weeks 

18-85 11/
11 

Type 1 
and 2 

Fasting blood 
glucose greater 
than10 
mmol/L, other 
skin disorders 

0.075% 
q.i.d. 

6/10 2/10 Physician
s global 
evaluatio
n 

 
 
Capsaicin cream produced significantly higher response rates than placebo cream did in two of the trial, but not in the other two. 
 
In all four trials, the trend was in favour of capsaicin cream. 
 

 Mantel-Haenszael (M-H) method DerSimonian and Laird’ s (D-L) 
methods 

 Odds ratio lnOR SE(lnOR) Z Rate 
Difference 

SE (RD) 

Chad et al., 
1990 

2.36 0.86 0.60 1.43 0.21 0.14 

Scheffler et al., 
1991 

5.92 1.78 0.66 2.67 (p less 
than0.05) 

0.39 0.13 

Capsaicin 2.31 0.84 0.29 2.89 (p less 0.2 0.07 
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Study Group 
1991 

than0.01) 

Tandan et al., 
1992 

4.87 1.58 0.89 1.78 0.4 0.2 

 
The pooled odds ratio in favour of capsaicin cream was 2.74 (95% CI 1.73, 4.32) 
The corresponding response rate difference was 0.25 (95% CI 0.15, 0.35) 
 
Conclusion 
Capsaicin cream offers pain relief in people with diabetic neuropathy. Some of this pain relief may be attributable to placebo 
effects, since true blinding is difficult owing to the irritant effects of capsaicin after application to the skin. 

Hierarchy of Evidence Grading 1a 
Comments Capsaicin licensed in UK for post-herpetic neuralgia and painful diabetic neuropathy 

No discussion of how many reviewers extracted data. 
No information on quality appraisal. 
Blinding hard due to irritant effects of capsaicin 
Small studies 

Studies Included Young and Clarke 1985; Kvinesdal et al., 1984; Sindrup et al., 1989; Sindrup et al., 1990a; Sindrup et al., 1992a 
Sindrup et al., 1990b; Max et al., 1992; Vrethem et al., 1997; Sindrup et al., 1990b; Vrethem et al., 1997; Sindrup et al., 1992b; 
Max et al., 1992 ; Sindrup et al., 1990a; Sindrup et al., 1992a; Mendel et al., 1986;Gomez-Perez et al., 1985; Saudek et al., 1977; 
Chadda et al., 1978; Rull et al., 1969; Backonja et al., 1998  

Reference / Citation 272 
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Q57: In adults with Type 1 diabetes, what is the optimum management of painful neuropathy? 
 

Author / Title / Reference / Yr  Zeigler, D., Lynch, S. A., Muir, J., Benjamin, J., & Max, M. B. 1992, "Transdermal clonidine versus placebo in painful diabetic 
neuropathy", Pain., vol. 48, no. 3, pp. 403-408. 

N= N=27 Location=US Sites – 1 Duration – 12 weeks 
Research Design Randomised, double-blind, placebo-controlled crossover trial. 
Aim To examine efficacy of clonidine in the treatment of painful diabetic neuropathy 
Population Diagnosis of diabetes (National Diabetes Data Group 1979); distal symmetrical diabetic neuropathy (as assessed by either 

unequivocal decrease in pinprick, temperature, or vibration sense; or deep tendon reflexes in both feet; or, if these signs were 
equivocal, by bilateral slowing on nerve conduction studies, moderate-to-severe pain in the distal extremities of at least 2-month 
duration, and the judgement of one of the neurologist/investigators that the pain was best explained by the diabetic neuropathy.  
People were excluded if there was another reasonable cause for neuropathy (e.g. alcholism, connective tissue disease, history of 
toxin exposure); another chronic pain condition causing pain greater than the neuropathy pain; symptoms of ischaemic vascular 
disease affecting the heart, brain or extremities; cognitive or language difficulties that would impair completing a pain diary or 
telephone interviews; treatment with a tricyclic antidepressant or alpha2-adrenergic agent within the previous month. 

Intervention Clonidine transdermal patches in escalating doses each week designed to supply either 0.1, 0.2 or 0.3mg/day clonidine for 6 weeks 
Comparison identical placebo patches for 6 weeks 
Outcome Pain recorded in patient diary once a day, choosing from list of 13 verbal descriptions of pain intensity (validated in other studies) 

Side effect data recorded 
At end of each treatment period people reported global ratings of relief of pain. 

Characteristics  
Age 53 (range 21-68) 
Sex 17 male, 10 female 
Duration of neuropathic symptoms 5 years (range 3months to 8 years) 
Site of pain  
Distal, symmetrical 
 

27 (100%) 

lower extremities only 16 (59%) 
Upper and lower 11 (41%) 
Pain qualities  
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Burning 17 (63%) 
Aching 11 (41%) 
Lancinating 10 (37%) 
Allodynia 9 (33%) 
Tingling 9 (33%) 
Pressure 7 (26%) 
Cold 3 (11%) 
Neurological exam  
Decreased vibration or joint position 25 (93%) 
Decreased pin sense 24 (89%) 
Decreased tendon reflexes 24 (89%) 

 
 

Results  Dose 
All but 3 of the 24 people who completed the study were able to tolerate clonidine, 0.3mg/day without disruption of their normal 
activities. 
 
Pain relief 
 

Treatment Pain relief rating (number of people) 
 Complete A lot Moderate Slight None Worse 
Clonidine 0 6 7 4 6 1 
Placebo 0 3 5 3 13 0 

 
No statistically significant difference between groups (p = 0.11) 
No statistically significant difference between groups in period effect with analysis of variance 
 
Adverse effects 
In the 24 people completing the study, dry mouth (clonidine 9, placebo2) and drowsiness (clonidine 8, placebo 1) tended to occur 
more commonly with clonidine than placebo. Headache, dizziness and skin irritation occurred with similar frequency during the 2 
treatments. 
 
Conclusion 
Clonidine provides the same pain relief for people with diabetic neuropathy as placebo. 
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Hierarchy of Evidence Grading 1b 
Comments Study was powered to provide 80% chance of detecting a mean clonidine/placebo difference equivalent to half the difference 

between mild and moderate pain 
2 week washout period between drugs 
24/27 people completed both treatment period. 
Reasons for withdrawal given 
Small sample 
Randomisation method not discussed 
Data analysed per protocol 
Clonidine licensed for prophylaxis of migraine, recurrent vascular headache, menopausal flushing 

Reference / Citation 273 
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13 Management of special situations 
 

13.1 Newly diagnosed 
 

 
 

Q65 What is the recommended initial assessment plan for newly diagnosed adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Department of Veterans Affairs. The management of diabetes mellitus in the primary care setting.  1999.  
N= N/A 
Research Design Guidelines 
Aim To make recommendations on the management of diabetes mellitus in the primary care setting 1999. 
Population Both Type 1 and Type 2 diabetics included 

 
Intervention Core module of management 
Comparison N/A 
Outcome N/A 
Characteristics N/A 
Results  Identify comorbid conditions DM may not be the patient’s only disease, nor is it necessarily the condition that needs to be 

prioritised for immediate treatment. Persons with DM are at risk of multiple comorbid conditions including 
Coronary artery disease 
Peripheral vascular disease  
Hypertension  
Hyperlipidemia.  
The following are examples of conditions that affect the management of DM 
Chronic obstructive pulmonary disease 
Substance use disorder 
Depression  
Among the more frequently encountered precipitating factors resulting in secondary diabetes are 
Pancreatic disease 
Drug induced disease  
Is the Patient Medically, Psychologically, and sociaIy stable?  
Identify / update related diabetes problems from the medical record, history, physical examination, laboratory tests, nutritional 
and educational assessment. 
Review systems and set priorities for care 
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Hierarchy of Evidence Grading IV 
Comments 6 references for this section of the guideline 

No details of evidence base profile 
Not specific to newly diagnosed people 

Reference / Citation 283 
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Q65 What is the recommended initial assessment plan for newly diagnosed adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Diabetes UK 2000, Recommendations for the management of diabetes in primary care. 
 

N= N/A 
Research Design Guideline 
Aim To make recommendations for the management of diabetes in primary care 
Population Type 1 and Type 2 diabetics 
Intervention Initial assessment 
Comparison N/A 
Outcome N/A 
Characteristics N/A 
Results  A management plan should be developed with each individual patient so that the responsibility for the various aspects of care is clear. 

The components of the management plan should be discussed and agreed with each patient. ( A patient-held record can help to 
facilitate this process. New approaches are also being developed, including the remote printing of computerised records held by the 
health professionals the unified medical record and smart cards.  
A planned programme of diabetes care should include systems for ensuring assessment and acute management of all newly diagnosed 
people  
Initial assessment at diagnosis If the patient is clearly unwell, ketonuria is present or if the blood glucose is greater than 20.0 mmol/1, 
urgent telephone referral to hospital is generally required. Chi Pregnant women presenting with diabetes require urgent specialist care. 
People not included in the above categories may be managed in the primary care setting.  
Initial discussion 
History of illness, including enquiry about possible underlying causes of diabetes.  
Simple explanation of diabetes, including nature and significance of diabetes – taking account of any fears and anxieties  
Lifestyle in relation to diabetes – including advice to stop smoking.  
Explanation of the practice organisation, the roles of each PHCT member and how to obtain advice when needed.  
Information about Diabetes UK  
Examination 
Weight and height – calculation of body mass index Blood pressure  
Full clinical examination to exclude underlying causes of diabetes and the presence of complications  
Investigations  
Urinalysis for glucose, ketones and protein – MSU if protein detected  
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Blood test for baseline measurements – local practice will vary, but may include: 
-Plasma glucose  
-full blood count  
-serum creatinine  
-liver function tests  
-serum cholesterol and triglycerides  
-thyroid function tests 3.  
Further investigations, as indicated.  
Management 
Initial dietary assessment and advice  
Referral to state registered dietician  
Referral to specialist diabetes team, if indicated  
Referral to state registered podiatrist, ophthalmologist or other specialist, if necessary Discussion and agreement of initial management 
plan  
Discussion and agreement of individual management targets  
Next appointment – regular reviews will initially be required  
Recording of findings 
Written and/or computerised medical record  
Patient-held record  
Practice diabetes register  
District diabetes register, where this exists 

Hierarchy of Evidence Grading IV 
Comments Both Type 1 and Type 2 diabetics 

Specific to newly diagnosed people 
The emphasis in this document is primarily on the organisation of care, rather than on the clinical management of diabetes. 

Reference / Citation 282 
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Q65 What is the recommended initial assessment plan for newly diagnosed adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  2002, Inpatient management guidelines for people with diabetes., American Healthways., Nashville (TN). 
 

N= N/A 
Research Design Guidelines 
Aim N/A 
Population Type 1 and Type 2 diabetics 
Intervention Initial assessment and exam 
Comparison N/A 
Outcome N/A 
Characteristics N/A 
Results  A history of diabetes management and assessment of standards of are status to be taken on admission/ pre-admission 

Initial Questions .  
Type of diabetes 
Duration of diabetes  
Primary care physician 
Primary diabetes physician if different from PCP 
Medical Nutrition Assessment  
Physical Activity  
Medications Taken  
Assessment of Control  
Acute Symptoms of Diabetes  
Reproductive Assessment  
Substance Abuse  
Barriers to Care  
Chronic Complications / Co-Morbidities   
Documentation of symptoms of diabetes-related co-morbidities or complications 

Hierarchy of Evidence Grading IV 
Comments 45 references but uncited 

Produced by an incorporated organisation 
The Inpatient Management Guidelines contained in this document represent the consensus of the conference participants.  
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Specific to newly diagnosed people 
Both Type 1 and type 2 target population 

Reference / Citation 284 
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Q65 What is the recommended initial assessment plan for newly diagnosed adults with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  2003, "Standards of Medical Care for Patients With Diabetes Mellitus", Diabetes Care, vol. 26, p. S33-S50. 
 

N= N/A 
Research Design Guideline 
Aim To establish standards of medical care for people with diabetes mellitus 
Population Type 1 and t Type 2 diabetics 
Intervention Initial evaluation 
Comparison N/A 
Outcome N/A 
Characteristics N/A 
Results  A complete medical evaluation should be performed to classify the patient, detect the presence or absence of diabetes complications, 

assist in formulating a management plan, and provide a basis for continuing care. If the diagnosis of diabetes has already been made, 
the evaluation should review the previous treatment and the past and present degrees of glycaemic control. Laboratory tests 
appropriate to -» the evaluation of each patient’s general medical condition should be performed. A focus on the components of 
comprehensive care (Table 5) will assist the health care team to ensure optimal management of the patient with diabetes.  
 
Symptoms, results of laboratory tests, and special examination results related to the diagnosis of diabetes 
� Prior A1C records 
� Eating patterns, nutritional status, and weight history; growth and development in children and adolescents 
� Details of previous treatment programs, including nutrition and diabetes self-management education, attitudes, and health beliefs 
� Current treatment of diabetes, including medications, meal plan, and results of glucose monitoring and people’ use of data 
� Exercise history 
� Frequency, severity, and cause of acute complications such as ketoacidosis and hypoglycemia 
� Prior or current infections, particularly skin, foot, dental, and genitourinary infections 
� Symptoms and treatment of chronic eye; kidney; nerve; genitourinary (including sexual), bladder, and gastrointestinal function 
(including symptoms of celiac disease in type 1 diabetic people); heart; peripheral vascular; foot; and cerebrovascular complications 
associated with diabetes 
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� Other medications that may affect blood glucose levels 
� Risk factors for atherosclerosis: smoking, hypertension, obesity, dyslipidemia, and family history 
� History and treatment of other conditions, including endocrine and eating disorders 
� Family history of diabetes and other endocrine disorders 
� Lifestyle, cultural, psychosocial, educational, and economic factors that might influence the management of diabetes 
� Tobacco, alcohol and/or controlled substance use 
� Contraception and reproductive and sexual history 
Physical examination 
� Height and weight measurement (and comparison to norms in children and adolescents) 
� Sexual maturation staging (during pubertal period) 
� Blood pressure determination, including orthostatic measurements when indicated, and comparison to age-related norms 
� Fundoscopic examination 
� Oral examination 
� Thyroid palpation 
� Cardiac examination 
� Abdominal examination (e.g., for hepatomegaly) 
� Evaluation of pulses by palpation and with auscultation 
� Hand/finger examination 
� Foot examination 
� Skin examination (for acanthosis nigricans and insulin-injection sites) 
� Neurological examination 
� Signs of diseases that can cause secondary diabetes (e.g., hemochromatosis, pancreatic disease) 
Laboratory evaluation 
� A1C 
� Fasting lipid profile, including total cholesterol, HDL cholesterol, triglycerides, and LDL cholesterol 
� Test for microalbuminuria in type 1 diabetic people who have had diabetes for at least 5 years and in all people with type 2 
diabetes. Some advocate beginning screening of pubertal children before 5 years of diabetes. 
� Serum creatinine in adults (in children if proteinuria is present) 
� Thyroid-stimulating hormone (TSH) in all type 1 diabetic people; in type 2 if clinically indicated 
� Electrocardiogram in adults 
� Urinalysis for ketones, protein, sediment 
Referrals 
� Eye exam, if indicated 
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� Family planning for women of reproductive age 
� MNT, as indicated 
� Diabetes educator, if not provided by physician or practice staff 
� Behavioural specialist, as indicated 
� Foot specialist, as indicated 
� Other specialties and services as appropriate 
 

Hierarchy of Evidence Grading IV 
Comments 104 refs 

Evidence based guidelines 
Both Type 1 and Type 2 diabetes target population 
Not specific to newly diagnosed person 

Reference / Citation 285 
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13.2 Diabetic ketoacidosis 
 

 
  

Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Piters KM, Kumar D, Pei E, Bessman AN 1977 Comparison of continuous and intermittent intravenous insulin therapies for 
diabetic ketoacidosis. Diabetologia 13:317–321 

N= N=26 
USA 

Research Design Randomised controlled trial  
Aim To evaluate the effects of different regimens of insulin therapy 
Population Mixed diabetes population 
Intervention i.v. intermittent bolus 50 U regular (crystalline zinc) insulin at admission and every 2 h until plasma glucose reached 300 

mg/dL, when the dose was reduced to 25 U 
or 
continuous intravenous infusions of insulin at 10 U/h reduced to 5 U/h when plasma glucose reached 300 mg/dL. 

Comparison i.v. loading dose of 3 U followed by continuous intravenous infusions of insulin at 2 U/h. 

Outcome Rate of fall in plasma ketone bodies 
Time for metabolic control of ketoacidosis 

Characteristics diabetic ketoacidosis 
plasma glucose greater than300 mg/dL, blood pH less than7.3, plasma bicarbonate less than9 mmol/L, serum ketone bodies 
+ve with nitroprusside test greater than or equal to 8-fold dilution, and ketones present in the urine 
Patient characteristics of age, number of newly diagnosed diabetics, and severity of diabetic ketoacidosis were comparable 
between the three groups at the initiation of treatment. 
Levels of serum glucose and ketone-bodies were higher in Group A prior to initiation of treatment, but this was not significant 

Results  Glucose 
The fall in plasma glucose was roughly linear in all groups. Declining by 39±4, 34±4 and 23±3% in groups A, B and C 
respectively. The fall in group C was significantly (p less than0.05) slower than in the other two groups 
Time to reach 300mg/dL glucose was also significantly slower in group C (p less than0.05) compared to groups A and B: 7 h 
compared to 3.4±0.4, 4.3±1.2 h respectively. Three patients in group C had not attained this level of blood glucose by the end 
of the 12 h study period.  
Two patients in group B were unable to maintain their plasma glucose level above 200 mg/dL, and three patients in this group 
received fluid replacement prior to initiation of therapy, reducing their plasma glucose by and average of 58 mg/dL in 1 hour 
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before the study began. 
Ketone bodies 
At both 6 and 12 h group C showed a significantly (p less than0.05) slower improvement compared to group A and group B 
patients. 
pH 
Improvements in pH were significantly (p less than0.05) slower in groups C compared to the other groups, after 12 hours: 
pH=7.36±0.03, 7.37±0.02 and 7.28±0.04 for groups A, B and C respectively  
Bicarbonate  
A slower improvement in serum bicarbonate was also seen in group C, although this did not reach statistical significance. 
After 12 hours serum bicarbonate levels in each group were: 17.0±2.0, 18.4±1.7 and 14.8±2.6 mmol/l for groups A, B and C 
respectively 
Time to recover serum bicarbonate to greater than15mmol/L was significantly greater in group C in which three patients 
retained less than15 mmol after 12h.  
Serum potassium 
Potassium levels varied greatly on admission. i.v. potassium was administered when serum potassium was less than4.5 
mmol/l. Almost all patients were receiving potassium by the 5th hour.  
Group A required significantly more potassium replacement to maintain adequate blood levels (p less than0.01)  
Failures and complications 
Plasma ketone bodies remained unchanged and pH and bicarbonate levels deteriorated slightly in two patients in group C. 
Both were IDDM. Ketoacidosis was finally resolved by treatment with i.v. insulin boluses of 50 U every 2h. 
All patients eventually reach resolution of DKA and no complications were reported 

Hierarchy of Evidence Grading Ib 

Comments Patients randomly assigned to treatment groups 
Regular insulin (u-100) was diluted to 2 or 4 U/ml in saline (0.154 mol/L) without adjuvant. Insulin delivered by syringe 
pump. 
Insulin content on several aliquots over a 12 h period were measured in vitro, and demonstrated 83% delivery.  
Fluid therapy was uniform throughout the study, comprising: Saline (0.154 mol/l) administered at rates sufficient to achieve a 
net-positive balance of 4L over 121 h. Fluid therapy was replaced with glucose (5g/100ml) in saline at rates adequate to keep 
plasma glucose greater than200 mg/dL. Potassium chloride administered as KCl at 20–30 mmol/L when serum potassium fell 
below 4.5 mmol/L.  
Sodium bicarbonate (88 mol) was administered to one patient to bring pH from 6.9 to 7.1 
Patients were studied over 12 h  
Blinding of patients and investigators to treatment is not possible.  
All subjects recruited into the study are included in the analysis, however the number of participants in each group is very 
small (����� 
There was a gradual and linear fall in blood glucose in all patients, even those failing to exhibit changes in other markers for 
resolution of ketoacidosis (ketone bodies and bicarbonate concentrations), suggesting that resolution of blood glucose is not a 
sufficient marker of ketoacidosis recovery if taken in isolation 
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The significant difference in potassium replacement required to maintain adequate blood levels in group A may be due to the 
previously stated observation that large doses of insulin lead to a faster fall of plasma potassium. However, this cannot be 
verified as urine potassium excretion was not monitored throughout the study.  
Patients were all suffering comparably similar levels of ketoacidosis, although no patients were in a comatose state 

Reference / Citation  286 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Sacks HS, Shahshahani M, Kitabchi AE, Fisher JN 1979 Similar responsiveness of diabetic ketoacidosis to low-dose insulin 
therapy by intramuscular injection and albumin-free infusion. Annals of Internal Medicine 90:36–42 

N= N=30 
USA 

Research Design Randomised controlled trial  
Aim An investigation into the effect of mode of delivery of insulin infusion 
Population Mixed diabetes population 
Intervention Porcine insulin loading dose 0.44 U/kg body weight i.v. followed immediately by a constant infusion of 7U/h in albumin-free 

saline (i.v. group) 
Comparison Porcine insulin loading dose 0.44U/kg body weight ½ i.m. and ½ i.v. followed by constant infusion of 7U/h i.m. following a 

fall of 10% plasma glucose of initial value (i.m. group) 
Outcome Time for metabolic control of ketoacidosis (plasma glucose less than250 mg/dL) 
Characteristics mean age: 40.6±3.9 and 35.2±3.4 in the i.v. and i.m. groups, respectively 

duration of diabetes: 5.6±1.1 and 5.2±0.9 in the i.v. and i.m. groups respectively 
Results  Clinical and biochemical profiles (measured after initial rehydration in the emergency room) were similar in both groups at 

admission. 
Mean time from admission to emergency room and initiation of insulin therapy = 5.9 (range 2.5-10) h and 3.7 (range 1.8-8.5) 
in the i.v. and i.m. groups respectively. Differences in time to treatment were mainly due to delays in the emergency room. 
Saline administration prior to insulin initiation was not statistically different among the groups. 
Time to endpoint for biochemical variables (glucose ������PJ�G/��S+��������ELFDUERQDWH�����P(T��DFHWRQH�������GLOXWLRQ��
showed considerable individual variation, but did not significantly differ among the two groups. 
Combining the four variables, time to control of ketoacidosis was a mean of 16.6 h and 20.6 h in the i.m. and i.v. groups 
respectively (p greater than0.2)  
Insulin dose to achieve glucose less than250 mg/dL was not significantly different in the two groups: 65±13 and 57±7 U in the 
i.v. and i.m. groups respectively (corresponding to 0.99±0.16 and 0.92±0.13 U/kg body weight respectively) 
Insulin dose to achieve total control was not significantly different in the two groups: 118±14 and 87±9 U in the i.v. and i.m. 
groups respectively (corresponding to 1.9±0.20 and 1.4±0.15 U/kg body weight respectively) 
One patient in the i.v. group and two in the i.m. group required additional loading doses of insulin but these are most likely 
due to the kinetics of insulin absorption from i.m. depots and the kinetics of insulin disappearance in plasma after i.v. bolus 



National Collaborating Centre 
for Chronic Conditions 

 

Page 15 of 100 

insulin 
Mild hypokalaemia (serum potassium 3.0-3.4 mEq/L) occurred in 5 patients in each group 
No incidences of hypoglycaemia, or mortality were seen in either group. 

Hierarchy of Evidence Grading Ib 

Comments In the i.m. group, dose was repeated hourly if the plasma glucose failed to fall by ������RU�PRUH�RI�WKH�LQLWLDO�YDOXH�� 
Infusion mix in i.v. group achieved by adding 35 units of insulin to 100 ml of 0.9% (wt/vol) sodium chloride solution without 
albumin and delivered at 20 ml/h by infusion pump. Loading dose was also repeated hourly if plasma glucose failed to fall by 
105 or more of its initial value. 
When plasma glucose reached ������PJ�G/�VDOLQH�UHK\GUDWLRQ�VROXWLRQV�ZHUH�VZLWFKHG�WR����GH[WURse in 0.45% or 0.9% 
saline. If ketoacidosis was still uncontrolled (pH less than7.30, serum bicarbonate less than15meq, serum acetone greater 
than1:2 dilution) regular insulin was given every 2 h by the same previous route on a sliding scale based on the degree of 
hypoglycaemia.  
Intravenous fluids, electrolytes and sodium bicarbonate were given in similar amounts to each group. Potassium was replaced, 
½ as potassium chloride and ½ as potassium phosphate in the main intravenous solution. Bicarbonate therapy was included for 
patients with initial pH less than7.15 
Patients were followed-up for 24h 
Three patients had not previously been treated with insulin 
Differences between means analysed using unpaired student’ s t test. P less than0.05 was considered statistically significant 
No consideration is given to blinding of patients or investigators. Prior knowledge of exposure may influence investigators 
observations when evaluating patients.  
Demographic factors such as age and duration of diabetes were similar among the two groups of patients  
Patients entered into the study exhibited a range of mental alertness and precipitating factors for diabetic ketoacidosis. 
All but two patients (one in each group) were black 
Authors conclude that: low doses of insulin given by intermittent i.m. injection or by constant i.v. infusion after an initial i.v. 
loading dose are similarly effective in controlling diabetic ketoacidosis. Irrespective of the route of insulin therapy, frequent 
monitoring of patient’ s clinical and biochemical condition and judicious replacement of fluid and electrolytes constitute the 
core of treatment for diabetic ketoacidosis. 

Reference / Citation  287 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Fisher JN, Shahshahani MN, Kitabchi AE 1977 Diabetic ketoacidosis: low-dose insulin therapy by various routes. The New 
England Journal of Medicine 297:238–241 

N= N= 45 n=15 for each insulin regimen 
USA 

Research Design Randomised controlled trial  
Aim A comparison of method of insulin delivery 
Population Type 1 and Type 2 diabetes 
Intervention Intervention: insulin therapy given either i.m., s.c., or by continuous i.v. infusion. 

i.v. insulin administered first as 0.33 U/kg body weight as bolus in a peripheral vein and then 7U/h insulin as a continuous 
infusion in 0.9% NaCl solution containing 2.5% human albumin. Once plasma glucose reached 250 mg/dL, dextrose in water 
or in saline was substituted for the NaCl 
i.m. and s.c. insulin administration initiated with a loading dose injections of 0.33U/kg body weight in the deltoid with 308 cm 
and 1.3 cm needles, respectively, followed by 7U regular insulin hourly by the respectively assigned route 

Comparison No inactive comparison 

Outcome Time for metabolic control of ketoacidosis (bicarbonate concentration greater than15mEq/L, pH greater than7.3, plasma 
acetone –ve at 1:2 dilution.) secondary outcome: rate of fall in blood glucose 

Characteristics plasma glucose greater than300 mg/dL, blood acetone +ve at greater than1:2 dilution, blood pH less than7.3 serum 
bicarbonate less than15 mEq/L glycosuria ����� 

Results  Control of ketoacidosis 
No differences were seen in the number of hours taken to achieve metabolic control of ketoacidosis, for any of the parameters 
studied.  
Time taken to plasma glucose less than 250 mg/dL: i.v.=6.0±1.4h, i.m.=4.9±1.1h, s.c.=5.6±0.9h; to serum HCO3 greater 
than15mEq/L: i.v.=13.0±2.2h, i.m.=12.2±1.4h, s.c.=10.8±1.1h 
Total insulin and fluid replacement required 
No significant difference was seen for the total amount of fluid replacement and insulin therapy required in each group. 
Total fluid (ml): first 8h: i.v.=4976±351, i.m.= 4899±274, s.c.= 4622±334; In 24h:i.v.=8109±587, i.m.= 7874±526, s.c.= 
7249±564 
Total insulin (U and (U/kg)) to achieve glucose 250 mg/dL: i.v.=58±11 (0.90±0.2), i.m.=57±10 (0.84±0.2), s.c.=57±7 
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(0.87±0.1) 
Total insulin (and (U/kg)) for total control: i.v.=100±11 (1.6±0.2), i.m.=94±15 (1.4±0.2), s.c.=57±7 (1.4±0.8) 
Rate in fall in glucose and ketones 
A significant increase in the rate of fall of glucose and ketone bodies in the two hours following i.v. administration was seen, 
when compared to s.c. and i.m. therapy. However, these differences were not maintained after the second hour. 
Initial blood glucose response 
9/45 patients failed to achieve a 10% drop in plasma glucose in the first hour and required a second loading dose of insulin. 
The greatest number of these patients were in the i.m. group: i.v.=2/15 (13%), i.m.=6/15 (40%), s.c.=3/15(20%).  
Two patients in the i.m. group required a third loading dose to achieve an adequate initial response (13 

Hierarchy of Evidence Grading Ib 
Comments Venous blood was drawn at regular intervals to measure glucose, electrolytes, ketone bodies, cortisol, glucagons, pyruvate and 

lactate and arterial specimens for blood gases and pH 
Administration of crystalline insulin administration: initial insulin dose (0.33 U/kg body weight—see above). If plasma 
glucose failed to drop by ������LQ�WKe first hour, repeat loading insulin doses were administered until the required decline was 
achieved. Insulin was then administered at 7U//h until plasma glucose was at 250mg/dL.   
Supportive therapy with i.v. fluid and electrolyte replacement and sodium bicarbonate was consistent in all patients. Potassium 
replacement was administered half as potassium chloride and half as potassium phosphate.  
Patients failing to achieve control of ketoacidosis, were given 4 to 12U of regular insulin every 2 h by the route to which they 
were assigned, according to the amount of glycosuria or hyperglycaemia. No insulin was administered if plasma glucose less 
than150mg/dL 
All patients remained in the centre for 24 h, regardless of recovery state to assess hypoglycaemia, hypokalaemia and other 
complications of therapy.  
Authors state trial was conducted according to a previously established randomised protocol, however, no reference is 
provided and no description of the randomisation procedure is included. 
No details are provided for the process by which these patients were selected, or of any excluded groups 
Blinding of patients and investigators to treatment is not possible.  
A priori statement that this trial is comparing routes of administration of low-dose insulin therapy. Conclusions are based on 
the efficacy of low-dose insulin therapy rather than the hypothesis made at the outset 
Initial glucose levels are relatively low, therefore this study may only be applicable to patients with milder diabetic 
ketoacidosis.  
The significant difference observed in the rate of glucose and ketone-body decline during the first two hours of therapy in the  
i.v. group compared to s.c. and i.m. is presumably a reflection of the slower achievement of therapeutic levels of insulin with 
the two latter groups. Suggesting an initial i.v. bolus is recommended 

Reference / Citation  288 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Storms FE, Lutterman JA, Van’ t Laar A 1987 Comparison of efficacy of human and porcine insulin in treatment of diabetic 
ketoacidosis. Diabetes Care 10:49-55 

N= N =21: semisynthetic human insulin (HI) = 10 mono-component porcine insulin (PI) = 11 
The Netherlands 

Research Design Randomised controlled trial  
Aim A comparison of human and animal insulin  
Population Type 1 diabetes 
Intervention Human insulin (8 U/h i.v.) in 1 ml (40 U) Antrapid insulin, 10 ml pasteurised human plasma protein solution and 29 ml 0.9% 

NaCl by continuous infusion 
Comparison porcine insulin (8 U/h i.v.) in 1 ml (40 U) Antrapid insulin, 10 ml pasteurised human plasma protein solution and 29 ml 0.9% 

NaCl by continuous infusion 
Outcome Blood glucose levels and time to recovery from ketoacidosis 
Characteristics hyperglycaemia, ketonuria and arterial pH less than7.25 
Results  one patient treated with PI became hypoglycaemic due to delayed substitution of 0.45% saline infusion for 5% glucose 

one patient treated with HI died during treatment. The patient was comatose at admission and autopsy showed thrombosis of 
the superior mesenteric artery and massive infarction of the small gut. The patient responded to treatment for diabetic 
ketoacidosis for up to 7h and her results are included in the study.  
All other patients recovered from DKA within 24 h 
No significant difference in plasma glucose, potassium and sodium levels or other parameters of DKA were seen between the 
two groups at the start of treatment 
Individual glucose concentrations varied considerably. A slightly slower decline in average glucose levels concentrations 
during the first 7 h of treatment in the PI group was indicated, but this difference was not statistically significant. Interpatient 
variations did not differ significantly between the groups.  
Time to reach glucose level of 12.0 mM was not significantly different in the two groups: (4.7±3.5 vs. 5.5±4.0 h in the PI and 
HI treated groups, respectively) 
No significant differences were seen in the time to reach pH 7.30 was seen among the two groups (8.3±2.0 vs. 7.5±2.0 in the 
PI and HI groups, respectively)  
Time needed for bicarbonate, base excess, and beta-hydroxybutarate to reach a certain arbitrary level (15mM, -10mM and 
1mM respectively) were not significantly different in the two groups.  
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A level of 1 mM acetoacetate was reached in a significantly shorter time after HI treatment. When analysed each hour the 
difference between the groups became significant at 6 h (2.19±1.65 vs. 0.82±5.0 h for the PI vs. HI groups respectively; p less 
than0.05), and 7h (1.74±1.54 vs. 0.51±4.0 h respectively; p = 0.05) 
Sodium levels did not differ significantly in the HI and PI group during the first 7 h of treatment 
Potassium levels were significantly different only after 3 h of treatment (4.2±0.6 vs. 5.0±0.7 mM during HI vs. PI treatment 
respectively; p = 0.023) 
Calcium, phosphate and creatinine concentrations were not significantly different at the start of the treatment between the two 
groups or after 4, 8, and 24-48 h of treatment. Creatinine concentration was almost completely normalised after 24-48 h of 
treatment and phosphate levels remained low at the end of this time. 
Subgroup analysis of immunoreactive insulin showed considerable interpatient variation, although there was no significant 
correlation between mean free and mean bound insulin for the HI or PI groups or both groups 

Hierarchy of Evidence Grading Ib 

Comments All patients received infusion fluid of 0.65% NaCl (1000 ml in first 30 mins followed by 2000 ml over the next 2 h, and 1000 
ml ever 2h thereafter) 
When blood glucose reached 12.0 mM, NaCl was substituted by 5% glucose 
Bicarbonate therapy (100 ml 4.2% NaHCO3) was used in 1 patient in the HI group as arterial pH less than7.25 on admission 
showed no increase after 2 h of treatment 
Patients were followed-up for 7 hours, by which time so many patients had recovered that further statistical analysis of 
differences between PI and HI were not possible 
Baseline data for phosphate, calcium, free insulin, acetoacetate and beta-hydroxybutyrate were not available for all subjects. 
Study states at outset that it had a double-blind protocol, although no details of blinding are given in the text 
No details of randomisation protocol are taken into consideration. 
Authors conclude that HI is effective in the treatment of DKA 

Reference / Citation  289 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Wiggam MI, O’ Kane MJ, Harper R, Atkinson AB, Hadden DR, Trimble ER, Bell PM 1997 Treatment of diabetic 
ketoacidosis using normalization of blood 3-hydroxybutarate concentration as the endpoint of emergency management. 
Diabetes care 20:1347-1352 

N= N=22; Conventional insulin regimen n = 10 Extended insulin regimen n =11 
Research Design Randomised controlled trial  
Aim To evaluate the effectiveness of a management  algorithm for treatment of ketoacidosis 
Population Mixed diabetes population 
Intervention Intervention: extended insulin regimen (as conventional treatment until near-normoglycaemia when insulin is continued at 5 

U/h until resolution of hyperketonaemia (3-hydroxybutarate less than0.5 mmol/l) 
Comparison Comparison: conventional insulin regimen (rehydration, electrolyte replacement and insulin at 5 U/h to near-normoglycaemia 

(blood glucose �����PPRO�O��DQG�WKHQ�DW�D�UHGXFHG�UDWH�XQWLO�FOLQLFDO�UHFRYHU\� 
Outcome 3-hydroxybutarate and bicarbonate levels during 24 h after attainment of near-normoglycaemia (correction of 

hyperglycaemia) 
Characteristics sex (M/F): Conventional group = 3/7, Extended insulin group= 4/8 

Age (years): Conventional group = 22.4±2.7, Extended insulin group= 37.1±6.2 
BMI (kg/m2): Conventional group = 24.6±1.9, Extended insulin group= 23.7±0.8 
HbA1c (%): Conventional group = 10.5±1.0, Extended insulin group= 11.1±0.8 
Duration of diabetes (years): Conventional group = 6.5±1.3, Extended insulin group= 12.2±3.9 

Results  Patients allocated to the extended insulin regimen were slightly older (p=0.07) with a longer duration of diabetes and slightly 
higher plasma glucose and serum urea concentrations, but these differences were not statistically significant.  
Near-normoglycaemia was achieved slightly later with the extended insulin regimen (5.1±1.0 vs. 3.4±0.4 h; p=0.3) and 3-
hydroxybutyrate was lower at this point.  
Resolution of ketosis after near-normoglycaemia (taken as baseline):  
Elevation of blood 3-hydroxyburytate (greater than0.5 mmol/l) persisted for 5.9/0.8 h after correction of hyperglycaemia in 
the extended insulin group compared with 21.8±3.4 h in the conventionally treated group. 
Time from baseline until blood 3-hydroxybutyrate (less than0.5 mmol/l): ratio extended/conventional regimens (95%CI) 
Non-adjusted:  0.30 (0.16–0.54) p=0.0004 
Adjusted for serum 3-hydrobutyrate level at baseline: 0.44 (0.25–0.76); p=0.006 
Adjusted for serum 3-hydrobutyrate level at baseline and age: 0.42 (0.24–0.76) p=0.006 
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Exposure to 3-hydroxybutyrate over the 24 h following near-normoglycaemia: ratio extended/conventional regimens (95%CI) 
Non-adjusted: 0.43 (0.27–0.69) 
Adjusted for serum 3-hydrobutyrate level at baseline: 0.54 (0.33–0.88) p=0.02 
Adjusted for serum 3-hydrobutyrate level at baseline and age: 0.58 (0.25–0.94) p=0.03 
Resolution of acidosis after near-normoglycaemia: Following conventional vs. extended insulin regimens respectively: 
Bicarbonate levels after baseline (mmol/l): 6h: 16.0±E1.3 vs. 18.6 ± 0.6; p=0.09; 12 h: 16.5±E1.2 vs. 19.0 ± 0.7 p=0.08 
Bicarbonate levels tended to be higher with the extended insulin regimen, but this did not reach statistical significant.  
Electrolyte concentration over 24h after achievement of near-normoglycaemia: 
Plasma glucose was adequately controlled in both groups, and there was no difference in potassium levels between the two 
treatments.  
Serum phosphate concentrations at 2 and 6 hours after achieving normoglycaemia (baseline) were significantly lower in 
patients receiving treatment with extended vs. conventional insulin regimens (p=0.003, 0.03 and 0.04 respectively). 

Hierarchy of Evidence Grading Ib 

Comments To avoid repeated analysis of serial measurements of these outcomes two summary outcome measures were selected to 
represent improvement in each:  
Time taken for normalisation of blood 3-hydroxybutarate (less than0.5 mmol/l) after baseline (point at which blood glucose 
became less than10 mmol/l—near-normoglycaemia) 
Exposure to 3-hydroxybutyrate over the 24 h after achievement of near-normoglycaemia measured by area under the curve of 
serum 3-hydroybutyrate against time, for 24 h after baseline 
bicarbonate levels were measured at two defined times after baseline (6 and 12 h) 
Electrolyte concentrations: Serum glucose, potassium, sodium, phosphate, magnesium and urea, measured at 2, 6, 12 and 24 
hours after achievement of near-normoglycaemia 
No time scale for recruitment is outlined in the study, apart from the differences in intervention were all patients treated 
equally? Not enough information is given about administration and continuing care of these patients throughout the 24 hours. 
Higher mean age in the extended insulin group and higher 3-hydrpxybutyrate levels at near-normalisation may effect the 
results of this investigation. Possibly related to the increased age and therefore delay in seeking medical advice of these 
subjects were a nonsignificantly higher plasma glucose and serum urea at presentation. 
In addition to extra insulin the extended regimen also involved administration of 20% glucose after attainment of 
normoglycaemia. Therefore this, rather than the extra insulin could be responsible for the improvement in ketone body 
resolution. Previous studies have show a more rapid lowering of ketone bodies using 10 vs. 5% glucose infusion in DKA, 
however, additional insulin, with the 10% glucose makes it difficult to conclude that this was due purely to the glucose.  
Authors state that: while it is possible that the 20% dextrose given in the extended insulin regimen had some effect on ketone 
metabolism, it seems more plausible that extra insulin was responsible for the beneficial effects of the extended regimen. 
Clinically, a regimen involving extra insulin will necessitate extra glucose and vice versa to control blood glucose levels. 

Reference / Citation  290 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Gamba G, Oseguera J, Castrejon M, Gomez-Perez FJ 1991 Bicarbonate therapy in severe diabetic ketoacidosis. A double 
blind, randomised, placebo controlled trial. La Revista de Investigacion Clinica 43:234-238 

N= N=20: bicarbonate group n=9, placebo group n=11 
Mexico 

Research Design Randomised controlled trial  
Aim A study to evaluate the efficacy of bicarbonate in ketoacidosis 
Population Mixed diabetes population 
Intervention Intervention: sodium bicarbonate (44.8 mEq in 50 mL for arterial pH 7.10-7.14, 89 mEq in 100 mL for arterial pH 7.00-7.09, 

133.5 mEq in 150 mL for arterial pH 6.90-6.99) 
Comparison Comparison: 0.9% saline solution (also according to arterial pH: in 50 mL, 100 mL and 150 mL for each range of pH) 

Outcome Recovery rate of arterial pH 
Mental status, heart rate, respiratory rate, arterial pressure, venous blood samples (to measure blood glucose sodium potassium 
and urea) and arterial blood samples (to measure arterial pH, bicarbonate levels and pO2 and pCO2) were assessed at 0, 2, 6, 
12 and 24 h 

Characteristics Age greater than18 years and diabetic ketoacidosis (arterial pH less than 7.15, arterial bicarbonate less than 15 mEq/L, 
positive urine ketone test ) 
No significant difference was seen between groups in patient age, weight, duration of diabetes and clinical parameters. 

Results  At 2 h arterial pH was significantly higher in the bicarbonate treated group, compared to controls (7.24±0.04 vs. 7.11±0.09; p 
less than0.02; 95%CI: 0.06-0.19) 
At 2 h arterial bicarbonate was higher in the bicarbonate than the placebo group (6.1±1.56 vs. 3.6±2.0; p less than0.01; 
95%CI: 0.8-4.2)  
Change in arterial pH and bicarbonate were also higher in the treatment group compared to controls over the first 2 h 
(0.17±0.09 vs. 0.07±0.05; p less than0.01; 95%CI: 0.03-0.16 and 3.2±1.2 vs. 1.1±1.7; p less than0.01; 95%CI: 0.7-3.5, 
respectively) 
No significant differences were seen in pCO2 or blood glucose levels between the groups at any point throughout the study 
pO2 fell equally in both groups with no significant difference at 2 h (-5.2±12.2 vs. –7.2±18.7; p less than0.05; 95%CI: -13 to 
17) or 24 h (-9.9±12.4 vs. –10.3±15.2; p greater than0.05; 95%CI:-12.9 to 13.7) 
Heart rates, respiratory rates, mental status, plasma sodium, urea, mean arterial pressure  did not differ between the groups 
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Significantly higher levels of serum potassium were seen in the placebo group at 24 h (3.64±0.62 vs. 2.92±0.45; p less 
than0.05; 95%CI:0.16 to 1.31), but at no other time points throughout the study. 
Amount of insulin required to decrease blood glucose to less than250 mg/dL and reduce ketosis, did not differ between the 
two groups. 
More potassium was given in the placebo group than the bicarbonate group, but this was not significant (p greater than0.10) 
There were no differences in the amount of insulin, solution or potassium received by each group in the first 2 h 
There were no deaths in either group throughout the study 
All patients in the bicarbonate group developed hypokalaemia, possibly due to the differences in potassium administration. 
Mean sodium bicarbonate received by the bicarbonate group was 84±34 mEq. 

Hierarchy of Evidence Grading Ib 
Comments Randomisation in groups of four, stratified according to arterial pH 

Treatment was given in identical vials and prepared in the pharmacy. 
Dose was given over 30 min and repeated after 2 hours if the increment in pH was less than0.05 
Additional therapy in all patients: i.v. bolus of 5 U insulin/hour until blood glucose less than250 mg/dL and ketone urine less 
than++ or negative. On admission all patients received 1000mL of 0.9% saline solution with 20 mEq potassium chloride for 1 
hour. Further treatment was given as necessary over the next 24 h. 5% dextrose was instigated when blood glucose less than 
250 mg/dL 
Patients managed by emergency room medical personnel under supervision of one of the authors.  
Authors state that sample size too small to detect important clinical differences 
Details are not given of concealment of the randomisation process, it is unknown whether hospital personnel and authors were 
truly blinded to the treatment received by patients 
All participants completed the study. 
Mean duration of diabetes was approximately 4 years in both groups. The range within the groups in duration of diabetes is 
great, which may lead to differences in individual patient responses to treatment.  
No details are provided for the type of diabetes, precipitating factors leading to diabetic ketoacidosis or mental status at 
admission are given for any patients. 

Reference / Citation  291 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Morris LR, Murphy MB, Kitabchi AE 1986 Bicarbonate therapy in severe diabetic ketoacidosis. Annals of internal medicine 
105:836–840 

N= N=21: Bicarbonate therapy (n=10), Controls (n=11) 
USA 

Research Design Randomised controlled trial  
Aim A study to evaluate the efficacy of bicarbonate in ketoacidosis 
Population Mixed diabetes population 
Intervention Intravenous bicarbonate infused over 30 mins: (133.8 mEq for arterial pH of 6.9–6.99 or 89.2 mEq for arterial pH 7.1–7.14), 

Repeated every 2 hours until pH was 7.15 or more 
Comparison Comparison: no bicarbonate therapy 

Outcome Primary outcome: overall rate of recovery of diabetic ketoacidosis 
Secondary outcome: number of concomitant complications during treatment 

Characteristics Age: Bicarbonate :34±5, Controls: 28±4 
Weight: Bicarbonate : 69.9±10.5, Controls: 63.7±9.1 
Duration of diabetes:  Bicarbonate : 5.9±1.9, Controls : 9.6±25 
Baseline characteristics are not available in all areas for all people. This could result in misleading data within the study. 

Results  Comparison of patients before and after bicarbonate therapy: 
Mental status 
There was no effect of mental status. Three patients in the control group were comatose. Blood glucose value in all three 
patients was significantly higher at baseline than in noncomatose patients (776±29 vs. 472±57 mg/dL in the treatment group 
and 541±47 mg/dL in the remainder of the control group, p less than0.05). Rate of recovery was no different in the two 
groups. 
Plasma and serum levels 
Initially there appeared to be a greater decline in blood glucose levels in the control group compared to the bicarbonate group, 
although this was not statistically significant.  
No significant differences were seen in the rate of change of pH, ketone bodies, bicarbonate levels, and plasma lactate levels. 
Frequency of hypokalaemia (potassium less than3.3 mEq/L): 
Measured by decline in serum potassium over time showed no significant difference with or without bicarbonate  
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Episodes of hypoglycaemia: 
(0 vs. 1 episode respectively) and total insulin delivery administered for complete control (124±22 vs. 92±11 units 
respectively) did not significantly differ between the two groups. 
Intravenous fluid therapy 
over 8 hours did not significantly differ in the amount of sodium (33±31 vs. 451±74 mEq), chloride (333±31 vs. 451±74 
mEq), potassium (67±21 vs. 70±17 mEq), or dextrose (36±11 vs. 40±8 g) administered in the bicarbonate or treatment groups, 
respectively.  
Similarly no differences were seen in electrolyte supplementation over 24 h of therapy, or the amount of intravenous fluid 
administered in the treatment and control groups either at 8 (7.2±0.96 vs. 9.4±1.3 mL/Kg/h) or 24 (4.8±0.5 vs. 5.9±0.6 
mL/Kg/h) hours. 
Time to recovery 
No significant differences were noted in the recovery time in the two groups in terms of the number of hours required for 
glucose levels to reach 250 mg/dL (4.9±1.3 h vs. 4.2±1.0 h in the bicarbonate vs. control group respectively) and for 
bicarbonate to reach 15 mEq/L (21±4.3 vs./ 21±4.0 h, respectively) 
Various chemical components of cerebrospinal fluid also showed no statistically significant differences in glucose, 
bicarbonate, pH, lactate and ketones at three time points (0, 6–8, 10–12 h).  
Cerebrospinal fluid chemistry values (95% confidence limits for difference in slopes):  
Glucose: –6.7, 10.6, Bicarbonate: –0.50, 0.19, pH: –0.006, 0.010, Total ketones: –0.43, 0.14, lactate: –2.21, 0.65. 

Hierarchy of Evidence Grading Ib 

Comments All patients were evaluated and managed by the medical housestaff of the University of Tennessee under the supervision of 
one of the physician authors 
venous blood samples for measurement of glucose electrolyte, ketone bodies, pyruvate, and lactate levels (for determination of 
osmolality); arterial blood samples obtained for measurement of blood gases and pH. 
Consenting patients also had lumbar punctures at baseline, 6–8 hours and 10–12 hours and cerebrospinal fluid was assayed. 
All patients remained in the clinical research centre for �����K 
No data given for number of eligible patients or number of eligible subjects not fulfilling inclusion criteria 
Date parameters for recruitment of patients are not indicated 
Patients in both groups were treated similarly in all respects including treatment with fluid, insulin and potassium and other 
supportive measures. The only variable was the administration or omission of bicarbonate 
Sample size is very restricted (only 10 patients received bicarbonate therapy, compared to 11 controls).  
Study claims to look at concomitant comorbidity at outset, but no data is provided in this respect 
The nonsignificant increase in the rate of decline for total ketones, lactate and bicarbonate in the treatment group was likely 
due to the lack of adequate numbers of observations due to the ethical considerations of performing multiple lumbar punctures 
Treatment regimen for all patients to treat DKA (irrespective of adjunct bicarbonate therapy): 
Insulin: 0.30 U/Kg body weight; ½ i.v. bolus, 1.2 i.m. injection; then hourly injections of 7 U i.m.) 
Intravenous fluid as 0.9% saline or 0.45% saline at 250 to 1000 mL/h depending on patients’  state of hydration. 
Previous consensus was that bicarbonate therapy was not needed in patients with pH greater than7.15. This study shows that 
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withholding bicarbonate if initial blood pH is between 6.90 and 7.14 does not adversely affect recovery from DKA and is 
therefore unnecessary as a first-line therapeutic measure in diabetic ketoacidosis.  
Cerebrospinal fluid chemistry data showed higher bicarbonate and blood values than in the blood due to lower levels of 
glucose and ketones. 

Reference / Citation  292 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Viallon A, Zeni F, Lafond P, Venet C, Tardy B, Page Y, Bertrand JC 1999 Does bicarbonate therapy improve the 
management of severe diabetic ketoacidosis? Crit Care Med 27:2690–2693 

N= N=39:  People with bicarbonate therapy =24,  standard therapy = 15 
France 

Research Design Cohort study 
Aim A study to evaluate the efficacy of bicarbonate in ketoacidosis 
Population Mixed diabetes population 
Intervention Intervention: bicarbonate therapy (i.v. sodium bicarbonate 88–166 mEq (mean 120±40) 
Comparison Comparison: treatment for diabetic ketoacidosis without sodium bicarbonate 

Outcome Rate to normalisation of biochemical parameters, adverse effects of treatment  
Characteristics diagnosis for diabetic ketoacidosis (pH less than 7.3, plasma glucose concentration greater than 15 mmol/L, and arterial pH 

less than 7.10) 
There were no significant differences between the two groups with respect to clinical and biochemical characteristics at 
admission. mean pH at admission was not statistically significant between the two groups 

Results  Biochemical and clinical characteristics 
No significant differences were found between the two groups with respect to variation of arterial mean values of pH, 
bicarbonate concentration and Paco2, and various of venous mean values of glucose concentration and anion gap throughout 
the first 24 hours after admission. 
No significant differences were found in Paco2, lactate, chloride, creatinine, urea, osmolality concentrations or the clinical 
parameters (respiratory rate, heart rate, Glasgow coma scale score, arterial pressure) 
Time required for normalisation of pH (greater than7.3) and glycaemia: Bicarbonate group: 8±1 hours vs. Control group: 
8±1.2 hours 
Time required for clearance of urine ketone: 
No significant difference seen among the two intervention groups: Bicarbonate group: 16.3±12.2, Control group: 19.6±13.5 
Treatment in the first 24 hours: 
Patients in the treatment group received a total of 88–166 mEq sodium bicarbonate 
Mean quantity of intravenous sodium and infused insulin did not differ significantly among the groups: Bicarbonate: 140±61 
UI insulin, 417±153 mmol sodium, Controls: 131±44 UI insulin, 432±153 mmol sodium 
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Supplementation of potassium was significantly greater in patients receiving bicarbonate therapy:  Bicarbonate group:366±74 
mmol vs. 188±109 mmol in controls in the first 24 hours (p less than0.001) 
Adverse effects: 
There was one severe case of hypokalaemia (potassium concentration less than3 mmol/L) in each group 
No hypoglycaemia or fatal outcome was seen in either groups 

Hierarchy of Evidence Grading IIa 
Comments Baseline parameters measured include: Arterial blood: pH, HCO3, Paco2, Po2 and lactates; Venous blood: glucose, sodium, 

potassium, creatinine, urea, anion gap, osmolality, urine: ketone and glucose levels 
Indications for administration of sodium bicarbonate were estimated by each physician, as 1.4% solution as a slow, 60-min 
intravenous infusion. 
All patients received DKA therapy according to a scrupulously followed therapeutic protocol designed as a result of precise 
recommendations established in the emergency department for the initial management (first 24 h) of patients presenting with 
DKA. 
Insulin was injected as continuous i.v. infusion adapted every hour to concentration of blood glucose until urine ketone 
concentration was –ve. Insulin was then injected as an s.c. bolus every 4 h/ initial fluid administration was 1000mL of 0.9% 
i.v. saline during the first hour. After the first hour, i.v. fluid therapy, saline and potassium replacement, was adjusted to a 
continuous haemodynamic and ionogram monitoring 
Retrospective analysis: 39 records selected from a possible population of 139 patients. Details are not provided for why a cut 
off of less than7.10 was selected. This could have been led by the results available to the investigators. 
Not clear as to whether the Subjects knew that they were in a research study / whether aware medical records accessed / 
whether aware names held on log.  (Data Protection).  No mention of consent procedures.   
There are no previously existing data concerning the beneficial effects of bicarbonate therapy, but it is still recommended for 
patients with arterial pH less than4.0–less than7.10 
This study does not demonstrate that the use of bicarbonate in severe ketoacidosis with 6.90��S+�������DFKLHYHV�D�PRUH�UDSLG�
normalisation of biochemical and chemical parameters. 
Previous studies comparing the effects of alkalinisation are of small numbers and show a marked in increase in pH in one 
study. No positive conclusion about the efficacy of bicarbonate therapy is reached.  
Authors conclude that the results of the study and those of previous literature has induced them to stop using bicarbonate in 
the treatment of DKA with pH values greater than6.90 
More investigations needed regarding the place of alkalinisation in the most severe forms of DKA (pH less than6.90) 
This is a small study with population restricted to those presenting with pH over very specific range.  
Statistical analysis is reported in the study but no confidence intervals are recorded in results. No assessment of precision is 
included in the results.  
Long term implications of bicarbonate therapy are not addressed, study focuses on first 24 hours of treatment, as bicarbonate 
therapy is introduced primarily to prevent secondary complications, a longer follow-up period of observation may have been 
appropriate 
Time to initiation of treatment is not addressed 
Patients recruited over a 5 year period, throughout this time there may have been changes to the treatment protocol and 
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Reference / Citation  293 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Fisher JN & Kitabchi AE 1983 A randomized study of phosphate therapy in the treatment of diabetic ketoacidosis. Journal of 
Clinical Endocrinology and Metabolism 57:177-180 

N= N=30: phosphate group = 15, controls = 15 
USA 

Research Design Randomised controlled trial  
Aim To evaluate the use of phosphate in the management of ketoacidosis 
Population Mixed diabetes population 
Intervention 8.5 mmol/h phosphate as a buffered potassium phosphate salt solution providing 6mg inorganic phosphate over 24 hours, plus 

potassium chloride (12.5 mEq/h) 
Comparison Potassium chloride (12.5 mEq/h) and no phosphate salts 

Outcome Time to recovery of erythrocyte 2,3-DPG levels and restoration of oxyhaemoglobin (p50) to a ‘more favourable’  position, 
clinical responses and calcium metabolism 
Patients were followed-up for 96 h 
Measurements were made at standard temperature, atmospheric pressure, pCO2 and at the in vivo pH of the patient’ s blood 

Characteristics Glucose greater than 300 mg/dL, bicarbonate less than15 mEq, pH less than7.30, ketonaemia at dilution of 1:2 or greater with 
glycosuria and ketonuria. 

Results  No significant differences were seen for any of the biochemical parameters between the groups at admission, with the 
exception of inorganic phosphate and lactate levels which were elevated in the phosphate group (p less than0.05) 
Recovery of DKA 
No significant difference was seen in the time taken to achieve significant biochemical endpoints between the treatment and 
control groups (glucose ������PJ�G/����������YV����������K��ELFDUERQDWH������P(T�/�����������YV��10.5±0.8 h; pH ��������
8.3±1.2 vs. 11.3±1.4 h, respectively)  
No significant difference between the treatment and control groups was seen for the average rate of decline of glucose (90.8 
vs. 93.4 mg/dL·h) and ketone bodies (0.8 mM/ vs. 0.64 h) respectively 
Hypophosphataemia 
Administration of phosphate during the first 24 h prevented hypophosphataemia in the experimental group, this advantage was 
lost when phosphate therapy was discontinued on the second day 
Hypocalcaemia 
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Both groups became hypocalcaemic during the course of therapy 
Total calcium measurements were not significantly different in the two groups.  
Erythrocyte 2,3-DPG  
Phosphate treated patients appeared to have more rapid restoration of erythrocyte 2,3-DPG toward normal, although this 
difference was not statistically different. 
Tissue oxygenation 
No significant difference was noted in the p50 determinations between the two groups 
Other clinical signs 
There was no detectable difference in mental alertness of other clinical signs in the phosphate treated or control groups 

Hierarchy of Evidence Grading Ib 
Comments If initial serum potassium maws elevated, sodium phosphate salts were substituted until serum potassium fell below 5.5 

mEq/L 
Except for the intervention under investigation, both groups were treated in an identical fashion with physiological amounts of 
insulin plus fluid and supportive therapy 
All patients received initial rehydration with 0.45% or 0.9% NaCl in water at a rate of 250-1000 ml/h depending on the state 
of hydration. Once plasma glucose had decreased to 250 mg/dL, 5% dextrose in water or saline was substituted for NaCl. 0.44 
u/kg body weight of regular insulin was given, regardless of initial plasma glucose levels and repeated hourly until a fall of at 
least 10 of the initial glucose value, after which it was substituted for 7U i.m. regular insulin given hourly until plasma glucose 
������PJ�G/��$IWHU�WKLV�LQVXOLQ�WKHUDS\�ZDV�FRQWLQXHG�HYHU\���K�XQWLO�FRUUHFWLRQ�RI�GLDEHWLF�NHWRDFLGRVLV� 
Serial blood samples were obtained for glucose, urea, pH, bicarbonate, electrolytes, blood urea nitrogen, quantitative ketone 
bodies, pyruvate and lactate. Inorganic phosphorus, calcium and magnesium were also measured. 
Variables which exhibited significant (p less than0.05), time by treatment interaction effect (lactate, beta-hydroxybutyrate, 
phosphate and ionised calcium) were re-examined at each time point by one-way analysis of variance. 
All treatment for DKA, except the phosphate replacement, was consistent between the two groups 
No power analysis is included at the outset  
Study contained small sample number making any significant clinical significance difficult to elicit 
No details of blinding are outlined in the study 

Reference / Citation  294 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Wilson HK, Keuer SP, Lea AS, Boyd AE III, Eknoyan G 1982 Phosphate therapy in diabetic ketoacidosis. Archives of 
Internal Medicine 142:517-520 

N= N=44 : Group 1: no phosphate replacement = 15, Group 2: sodium phosphate 15 mmole = 17, Group 3, sodium phosphate 45 
mmole = 12 
USA 

Research Design Randomised controlled trial  
Aim To evaluate the use of phosphate in the management of ketoacidosis 
Population Mixed diabetes population (39/44 IDDM) 
Intervention 15mmole phosphate replacement therapy (given as the sodium salt) at 4 hours or at 2, 6, and 10 hours 

 
Comparison No phosphate replacement 

Outcome Length of time in DKA (time to resolution of pH to greater than7.3, bicarbonate to greater than15 mEq/L and negative serum 
ketones) 
Total insulin dose required throughout DKA  

Characteristics Age: 14–58 years (mean 26.8±11.6) 
Results  Admission biochemical data outlined for all participants. No significant difference is seen between groups.  

Serum phosphate is slightly different at outset in the patients treated with sodium phosphate compared to untreated controls, 
but this difference is not significant 
Precipitating factors included infection (n=26), omission of insulin (n=10) and in the remainder (n=8) DKA was of undefined 
cause 
Five patients were new diabetics diagnosed by diabetic ketoacidosis. 
Time course to development of DKA did not correlate with any admission biochemical data. 
12/44 patients entering the study, or during the course of the therapy had elevated CPK levels and 3/44 had elevated aldose 
levels and evidence of rhabdomyolysis. 
No clinical benefit of phosphate therapy was evident 

Hierarchy of Evidence Grading Ib 

Comments Serum phosphate is slightly different at outset in the patients treated with sodium phosphate compared to untreated controls, 
but this difference is not significant 
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Precipitating factors included infection (n=26), omission of insulin (n=10) and in the remainder (n=8) DKA was of undefined 
cause 
Five patients were new diabetics diagnosed by diabetic ketoacidosis. 
Time course to development of DKA did not correlate with any admission biochemical data. 
12/44 patients entering the study, or during the course of the therapy had elevated CPK levels and 3/44 had elevated aldose 
levels and evidence of rhabdomyolysis. 
No clinical benefit of phosphate therapy was evident 
Insufficient description of methodology is given for this study to be considered robust. Study protocol is not designed to take 
into account blinding of treatment.  
Five patients are newly diagnosed  
Serum phosphate levels fall during the treatment of DKA. 
15 mmole sodium phosphate at 2, 6 and 10 hours is an appropriate dosage schedule for phosphate replacement to maintain 
serum phosphate in a low normal range. 
However, there is no clear clinical benefit of phosphate replacement in DKA in the duration of acidosis, the total dose of 
insulin required, or the rate of glucose disappearance.   
No clinical evidence of the complications of hypophosphataemia was observed in the control group. 
Consent obtained from patients or their families. 
Very small sample size, especially as n=44 is divided into two groups 

Reference / Citation  295 
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Q 72 In people with diabetic ketoacidosis what emergency care can reduce morbidity and mortality? 
 

Author / Title / Reference / Yr  Yun YS, Lee HC, Park CS et al 1999 Effects of long-acting somatostatin analogue (Sandostatin) on manifest diabetic 
ketoacidosis. Journal of Diabetes and its Complications 13:288–292 

N= N= 23 : octreotide (n=7); low-dose insulin (n=16) 
S Korea 

Research Design Randomised controlled trial  
Aim To assess the efficacy of somatostatin I n the treatment of ketoacidosis 
Population Type 1 diabetes 
Intervention i.v. infusion of low-GRVH�LQVXOLQ�DQG���� J�RI�V�F��RFWUHRWLGH�HYHU\���K 
Comparison Low dose insulin alone 

Outcome Time to recovery of clinical and laboratory signs of ketoacidosis; principally hyperglycaemia, acidosis and ketosis 
all assays were taken by standardised and validated techniques. 
Statistical evaluation of results does not take into account the magnitude of effect. Therefore clinical relevance is difficult to 
evaluate. 
The presence of any newly diagnosed patients is not indicated 
Comatose and stuporous patients were excluded from the study, suggesting that the included patients were in milder DKA 
No power analysis is provided for this study, and this study contains a very small sample size, especially as there are only 7 
patients in the intervention group 
No details of blinding, randomisation or other methodological process are outlined in the study. As the outcome measures are 
being assessed by the same investigators treating the patients, this obviously leaves room for bias, especially in such a small 
population.  
Assignment to each of the groups is not outlined. As this assignment is not equal (n=16 in the control group vs. n=7 in the 
treatment group) it must lead to questions about selection of patients not only for entry into the study but also the criteria by 
which they were assigned to different groups.  
3/7 patients in the octreotide group had alcohol as the precipitating factor in their DKA, compared to none in the control 
group. 
Patients in the treatment group were on slightly lower doses of insulin and had slightly shorter duration of diabetes. Although 
these differences are not significant they may influence the outcome of the treatment, which is especially important 
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considering the small study population size 
Numbers included in this study do not add up. The second table only notes 8 people in the control group, although there is no 
record of the other 8 subjects leaving the study 
In the times recorded to recovery of ketonuria, on which the authors base their conclusions, the SEM value is of the same 
magnitude as the mean.  
Authors conclude that octreotide is of use in shortening the time to recovery of ketosis, but due to the lack of effect on 
hyperglycaemia and acidosis is not recommended for therapeutic use. This study is not robust enough to substantiate any 
claims about the therapeutic use or otherwise of octreotide. 

Characteristics diagnosis of DKA: arterial pH ��������LQLWLDO�SODVPD�JOXFRVH�JUHDWHU�WKDQ����PPRO�/��ELFDUERQDWH�OHYHO�OHVV�WKDQ���P(T�/��
urine ketones greater than3+ by ketostick 
There were no significant differences in age, duration of diabetes, previous daily insulin dose, c-peptide levels, initial arterial 
pH, bicarbonate, and anion gap between the two groups at the trial outset. 
 

Results  Time for correction of hyperglycaemia 
The difference in time to recovery of hyperglycaemia between the two groups was not significantly different: octreotide: 
8.9±3.21 h, vs. controls: 18.8±13.2 h; p=0.089 
Time for correction of acidosis 
There was no significant difference in the time to recovery of acidosis between the groups: octreotide: 24.0±12.6 h, vs. 
controls: 33.2±13.9 h; p=0.82 
Time for correction of ketonuria 
Recovery of ketonuria was significantly faster in the octreotide group: 38.0±32.0 vs. 68.3±26.0 in the control group; p=0.048  
Complications  
None of the included patients exhibited late hypoglycaemia or fatal complications  
No symptoms or signs of a gastrointestinal system or other side effects were seen after octreotide treatment 

Hierarchy of Evidence Grading Ia 
Comments Low-dose insulin was short-acting insulin administered 10 U as a loading dose followed by 4 U/h continuously until the end 

of the study 
Fluid replacement: 0.154 Mol normal saline i.v.: 1500–2000 mL during the first hour, 500–750 mL/h for the next 5 hours and 
then 150 mL/h up to a total of 6–8L over 24h 
Not all patients received bicarbonate therapy 
An anion gap was calculated by subtracting the combination of serum chloride and serum bicarbonate from the serum sodium 
levels.  
The presence of any newly diagnosed patients is not indicated 
Comatose and stuporous patients were excluded from the study, suggesting that the included patients were in milder DKA 
No power analysis is provided for this study, and this study contains a very small sample size, especially as there are only 7 
patients in the intervention group 
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3/7 patients in the octreotide group had alcohol as the precipitating factor in their DKA, compared to none in the control 
group. 
Patients in the treatment group were on slightly lower doses of insulin and had slightly shorter duration of diabetes. Although 
these differences are not significant they may influence the outcome of the treatment, which is especially important 
considering the small study population size 
Numbers included in this study do not add up. The second table only notes 8 people in the control group, although there is no 
record of the other 8 subjects leaving the study 
In the times recorded to recovery of ketonuria, on which the authors base their conclusions, the SEM value is of the same 
magnitude as the mean.  
Authors conclude that octreotide is of use in shortening the time to recovery of ketosis, but due to the lack of effect on 
hyperglycaemia and acidosis is not recommended for therapeutic use. This study is not robust enough to substantiate any 
claims about the therapeutic use or otherwise of octreotide. 

Reference / Citation  296 
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13.3 In-patient management 
 

 
 

Q70 What guidance can be given for optimal insulin delivery during severe concurrent illness? 
 

Author / Title / Reference / 
Yr  

Malmberg, K. A., Efendic, S., & Ryden, L. E. 1994, "Feasibility of insulin-glucose infusion in diabetic patients with acute 
myocardial infarction. A report from the multicenter trial: DIGAMI", Diabetes Care, vol. 17, no. 9, pp. 1007-1014 

N= n=327, insulin- glucose =158, conventional care =169  
Sweden 

Research Design Randomised controlled trial 
Aim A study to test the effect of insulin-glucose infusion on metabolic control and hypoglycaemic episodes in diabetics with 

Myocardial Infarction (MI) 
Population Type 1 and Type 2 diabetics 
Intervention An intervention of 24 hrs insulin – glucose infusion with a target blood glucose level of 7 to 10.9 mM, followed by 

subcutaneous insulin injections for 3 months 
Comparison conventional care with no insulin unless deemed necessary by attending physician 
Outcome Most outcomes measured over the first 24 hours from admission during the acute phase of MI. Blood glucose levels, and HbA 

1c, and serum potassium were recorded and episodes of hypoglycaemia were noted. 
Characteristics Age =67yrs, Male =655, Type 1 diabetes =19%, duration of diabetes =10.5 yrs 
Results  Blood glucose levels in both groups fell during the first 24 hrs of admission, but levels fell significantly further in the insulin – 

glucose group than the control group (5.3 ± 3.9 mM and 3.8 ± 4.6 mM respectively) (p less than0.0001). 
There were no significant differences in HbA 1c between the groups over the first day of admission 
During the 24 hrs infusion 17% of the people in the intervention group had one episode of hypoglycaemia, with no episodes in 
the control group (p less than0.001)   

Hierarchy of Evidence 
Grading 

IV 

Comments The study included people with a diagnosis of diabetes (Type 1 or Type 2) who were being treated with diet, tablets or insulin, 
but also included people with blood glucose greater than11mM as newly diagnosed diabetics 
A higher mean blood glucose level at randomisation among the control group (p=0.046) would make improvement from 
baseline more likely in this group again decreasing any effects noted 
No additional therapy was given to either group, but people in the control group were allowed intravenous insulin if deemed 
necessary by the attending physician, this occurred in 14& of the control group with an average dose of 54 IU.  
Blood glucose levels were determined from samples drawn from an IV catheter and analysed with a bedside reflectance 
meter, with accuracy having previously been checked. Serum potassium was measured immediately before starting the 
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insulin-glucose infusion and then every 6 hours 
Any practical protocol needs to be compatible with other treatment in the cardiac care unit including thrombolysis, infusion of 
nitroglycerin, and B blockade. 
Of the people in the intervention group 635 had a blood glucose level ���PM after 4 hours and 70% had reached that level by 
hour 6 
It is clear that the infusion of insulin – glucose contains a risk, people with hypoglycaemia were somewhat older but otherwise 
not different from people without hypoglycaemia. 
The number of blood glucose determinations needed during the 34 hrs infusion was reasonable and within the limits of routine 
care 

Reference / Citation 307 



National Collaborating Centre 
for Chronic Conditions 

 

Page 39 of 100 

 

 
 

Q70 What guidance can be given for optimal insulin delivery during severe concurrent illness? 
 

Author / Title / Reference / 
Yr  

Dazzi, D., Taddei, F., Gavarini, A., Uggeri, E., Negro, R., & Pezzarossa, A. 2001, "The control of blood glucose in the critical 
diabetic patient: a neuro-fuzzy method", Journal of Diabetes & its Complications., vol. 15, no. 2, pp. 80-87. 

N= n=40 fuzzy logic =20, normal titration =20 
Italy 

Research Design Randomised controlled trial 
Aim A study to examine the effects of applying a fuzzy logic principle and neural network techniques to modify intravenous 

insulin administration rates during glucose infusion compared to a normal algorithm method of insulin delivery 
Population Type 1 and Type 2 diabetics 
Intervention An intervention using a fuzzy logic method for calculating infusion rates of insulin in critically ill diabetics. A neural network 

(a software that simulates human neural processing capabilities) has been used to apply fuzzy logic theoretical principles and 
to extrapolate (based on previous knowledge) rules to be used to elaborate a nomogram for infusion rates. Insulin rates were 
modified at variable steps from 0 to ± 1.5U/h with minimum step of 0.1U. Adjustments were made every 4 hours after blood 
glucose measurements  

Comparison Control group had infusion rates calculated using standard algorithms based on closed loop feedback mechanisms. Insulin 
infusion rates were modified at steps of ± U/h at each time 

Outcome The endpoints are the ability to reach and maintain a target blood glucose values. People were followed up for 72 hours 
Characteristics Age =59yrs, BMI =28.3, starting blood glucose levels =15.5 mmol/l, treatment duration =51.2 hrs. 
Results  Over 72 hours the mean blood glucose levels were found to be lower when insulin infusion rates were calculated by the fuzzy 

logic procedure than with the standard algorithm. The average doses were 7.6 ± O.2 mmol/l with fuzzy logic compared to 
10.1 ± 0.2 mmol/l in the conventional group (p less than0.00001) 
The fuzzy logic method allowed a faster decrease of blood glucose levels below 10 mmol/l 7.8 ± 0.7 hours Vs 13.2 ± 1.5 hrs 
with the standard method (p less than0.02) 
Mean insulin infusion rates during the overall observation time were not significantly different in both groups 
In the fuzzy logic group insulin infusion rates were increased in 47.3% decreased in 47.7% and unmodified in 5% of all the 
possible occasions. In the control group insulin infusion rates were increased in 37.4% decreased in 16.9% and unmodified in 
45.7% of the possible occasions 

Hierarchy of Evidence 
Grading 

Ib 

Comments Investigators could not be blinded to intervention given the nature of the intervention, people may effectively be blinded to the 
intervention as they would not have been able to tell which method for titration of insulin was being used 
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It is possible that the stricter target level for blood glucose in the intervention arm rather than a range of values in the control 
arm make the differences in levels recorded more easy to achieve thus increasing effect size seen 
Biochemical measurements of blood urea nitrogen, and blood electrolytes were monitored every 24 hours, and capillary blood 
gas values were evaluated every 4 hours through a reflectance meter by trained nurses. Instruments were calibrated daily 
through laboratory determinations with a very good correlation r=0.93 (p less than0.0001) 
A novel insulin titration method 
Not clearly stated why target blood glucose levels were an absolute in the intervention group and a range in the control group. 
It appears that it is the higher sensitivity of the fuzzy logic system (with more upward and downward changes infusion rates) 
that accounts for better blood glucose control 
Would there have been more subtle changes in insulin regimes among the control group if the dosing change increments were 
allowed to be smaller? 
The fuzzy logic system has increased sensitivity by considering the glycaemic variation between two consecutive blood 
glucose determinations instead of a single blood glucose value 

Reference / Citation 305 
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Q70 What guidance can be given for optimal insulin delivery during severe concurrent illness? 
 

Author / Title / Reference / 
Yr  

Furnary, A. P., Zerr, K. J., Grunkemeier, G. L., & Starr, A. 1999, "Continuous intravenous insulin infusion reduces the 
incidence of deep sternal wound infection in diabetic people after cardiac surgical procedures.[comment]", Annals of Thoracic 
Surgery., vol. 67, no. 2, pp. 352-360. 

N= n=2467, CII intervention =1499, control =968 
USA 

Research Design Cohort study 
Aim To study the hypothesis that a continuous intravenous insulin infusion (CII) during the perioperative period would reduce the 

incidence of hyperglycaemia and therefore lower the rate of deep sternal wound infection (DSWI) in diabetic people 
undergoing cardiac surgery 

Population Type 1 and Type 2 diabetics 
Intervention An intervention of a continuous intravenous insulin infusion (CII) according to a protocol with a starting dosage, with blood 

glucose testing frequency requirements, insulin infusion titration, and cessation orders for post cardiac surgery glucose 
regulation.  

Comparison Controls  received individualised sliding scale guided subcutaneous insulin injections to regulate post operative glucose levels 
Outcome Outcomes of deep sternum wound infections are reported at any time post operation, but no follow up time stated. 

Outcomes are incidence of deep sternal wound infections (DSWI) and superficial wound infections (skin and subcutaneous 
tissue infected) at any time post operation, follow up time not stated, nor is registry used to evaluate incidence of outcome 

Characteristics Age =65yrs, Male =61%, Insulin dependant diabetes =56%, BMI =29 kg/m2 , Admission glucose =193 mg/dl. 
Results  Overall DSWI occurred in 31 (1.3%) of the cohort, and superficial wound infections occurred in 16 (0.6%) 

Mean blood glucose levels on the day of operation through to the third post operative day were significantly lower within the 
CII group than the control group  (e.g. 179 Vs 188 mg/dl) p less than0.0001 for each time point. 
The final multivariate model showed CII to have a relative risk of incidence of DSWI of 0.34 (95% CI 0.14 to 0.74) (p less 
than0.005) 
Other independent variables were obesity and use of an ITA pedicle with a increased risk of DSWI 

Hierarchy of Evidence 
Grading 

IIb 

Comments The populations have similar demographic characteristics however some clinical characteristics vary between the groups.  The 
CII intervention group had significantly higher prevalence of hypertension, renal insufficiency, obesity, and steroid usage. 
The Control group had a higher prevalence of congestive heart failure, prolonged inotropic support, more transfusions, and a 
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longer postoperative stay. 
Given that most wound infection would be reported during post operative period during admission and although insulin 
infusion was achieved by nursing personnel most attending physicians would have been aware of the change in management, 
and may have biased reporting of infections, although method of evaluating this output is not stated 
Changes in surgical technique in the second ‘intervention’  cohort may have led to fewer infection complications, although 
prophylaxis in peri and post operative treatment was not changed over the course of the study.  Univariate analysis of possible 
confounding factors included Age, sex, height, weight, race, type of preoperative diabetic control (insulin, oral, diet, none), 
steroid use, smoking history, recent weight loss less than 15%, concurrent infection, admission leukocyte count, historical 
comorbidities, operative status (elective, urgent, emergent, salvage), first or redo procedure, type of procedure, bypass time, 
units of blood transfused, prolonged intubation, inotropic use more than 48 hours, length of hospital stay 
The study shows that hyperglycaemia after a cardiac operation in diabetics may actually be a causal factor in that infection 
process as well. 
Were the CII protocol administered concurrently in parallel with the control protocol it is unlikely that the tight daily control 
with the CII would have been achieved. 
Periods of hyperglycaemia are associated with accelerated nonenzymatic glycosylation of body proteins, or the nonezymatic 
addition of sugar molecules to the exposed lysine residues on extracellular proteins 
Authors note that subtle cumulative improvements in all areas of open heart surgery over the 11 years of the study may have 
played a role in reducing mortality and infections 
Study suggest that uncontrolled postoperative hyperglycaemia in diabetic people is the true risk factor for DSWI rather than 
the diagnosis of diabetes itself. 

Reference / Citation 300 
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Q 23 What are the optimal methods of managing glucose control in in-patients with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Davies M, Dixon S, Currie CJ, Davis RE, Peters JR 2001 Evaluation of a hospital diabetes specialist nursing service: a 
randomised controlled trial. Diabetic Medicine 18:301–307 

N= 300 gave informed consent (intervention group=148, control group=152) 
UK 

Research Design Randomised controlled trial 
Aim To study the efficacy of nursing services to improve glucose control 
Population Mixed diabetes population. Exclusions: patients unable to complete self reported questionnaires were excluded from 

secondary outcome assessments, but were entered into the study and primary outcome data recorded 
Intervention Diabetes specialist nursing service  
Comparison standard care 

Outcome Primary measures: Length of stay in hospital, readmission rates (within 12 months), time in days to first readmission.   
Secondary measures: community resource use post-discharge, patient satisfaction, diabetes knowledge and disease-specific 
QOL 

Characteristics Patient characteristics generally similar in both groups, although slightly more IDDM patients in the intervention groups 
Results  Length of stay 

Intervention group: median=8.0 days c.f. 11.0 days in controls (p less than0.01) 
No differences were seen in readmission frequency or time to readmission (p=1.0 and 0.8 respectively) 
Both intervention group and those refusing randomisation had a mean LOS of 10.8 
Patient satisfaction 
Patients in the intervention recorded significantly higher scores for patient satisfaction compared to the controls:  
91% were judged as satisfied in the control groups, compared to 59% in the control group (overall p less than0.001) 
Diabetes knowledge 
Diabetes knowledge scores were comparable between the two groups at the start of the study, however, this score improved 
post-admission in the intervention group. 
Intervention group knowledge score: baseline=52%, post study=74% (p less than0.001) 
Control group knowledge score: baseline=44%, post study=48% (p greater than0.05) 
Comparison of intervention and control group: baseline p greater than0.05, post study: p less than0.05 
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Quality of life 
ADDQOL showed no differences in quality of life between or within groups at base-line or post-discharge (P greater than0.05 
for all comparisons) 
Intervention group QOL: baseline=0.65, post study=0.88% (p greater than0.05) 
Control group QOL: baseline=0.88%, post study=0.40 (p greater than0.05) 
Other outcomes 
Referral rates to the community DSN service were 38.2% and 28.4% in the control and intervention groups respectively 
(p=0.09) 
Statistically significant lower number of GP contacts were made in the intervention group. 

Hierarchy of Evidence Grading Ib 

Comments Sequential, unselected referrals of in-patients to the DSN service (either IDDM or NIDDM) randomised prior to clinical 
review. 
All patients visited by an independent investigator following randomisation but before any intervention. 
Standard Care: any management carried out by health care professionals (medical, general nursing, dietetic) other than the in-
patient DSN. 
Intervention group received care and advice from DSN in addition to standard care, including individual structured patient 
education appropriate to need, and practical management advice including verbal and written case-note feedback to ward-
based medical and nursing staff. Input began on the day of referral and randomisation and continued until discharge. 
Admission and discharge dates taken manually for each patient and verified by the Patient Management System (PMS) 
Patient dependency assessed on admission and discharge by a research nurse using a four-point scale 
Quality of life measured with the Audit of Diabetes Dependent Quality of Life instrument; diabetes knowledge the Diabetes 
Knowledge Scale (modified to provide a version for insulin users and non-users) and patient satisfaction was measured using 
a modified version of the Diabetes Clinic Satisfaction Questionnaire (DCSQ) 
To assess DNS impact on post-discharge events, data on subsequent out-patient attendances, contacts with 1º and social care, 
and time away from normal activities were recorded at 1 month post-discharge using a postal questionnaire. 
Four DSNs were rotated into the single hospital post during the study to reduce possible ‘character bias’  
Validation of four-point dependency scale not discussed 
Quality of life, diabetes knowledge and patient satisfaction all measured using validated scales. 
Power analysis based on previous studies of specialist diabetes care reporting LOS reductions of between 1.3 and 4.6 days 
(SD:1.7–9.1). Assuming a 2 day reduction in LOS with a SD of 6 days was clinically meaningful, estimated required sample 
size=140 in each group to achieve a power of 80% to detect the difference with a 5% significance level. 
Only small numbers of patients are followed-up for secondary outcomes, therefore data are open to bias 

Reference / Citation  297 
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Q 23 What are the optimal methods of managing glucose control in in-patients with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Cavan DA, Hamilton P, EverettJ, Kerr D 2001 Reducing hospital inpatient length of stay for patients with diabetes. Diabetic 
Medicine 18:162–164 

N= 1611 (792 —prior to nurse introduction; 819 following introduction of specialist nurse) 
Research Design Cohort study 
Aim To evaluate the effect of nurse care on glucose control 
Population Mixed Diabetes population 
Intervention Nurse care 

Nurse visited all the wards weekly and routinely to identify patients and advise staff about diabetes management problems. 
Visited admissions ward, A&E department and coronary care units daily to identify potential problems, facilitate early 
discharge and provide support and patient education where necessary. Also first point of contact for referrals from other 
medical teams.  
Main objective of post: to ensure patients had good diabetic control during their hospital stay.  
Provided education, including basic dietary advice, to patients according to their needs (especially newly diagnosed)  
Patients with stable diabetes were assessed and then not seen again unless their condition deteriorated. Patients who posted 
particular management problems, or whose blood glucose control did not respond to initial changes in regimen, were referred 
for review by specialist diabetes medical staff.  
Specific protocols drawn up for patients requiring attention, including an intensive insulin regimen for patients with MI 
Nurse maintained contact for ���PRQWKV�ZLWK�DOO�SDWLHQWV�FRQYHUWHG�WR�LQVXOLQ�WUHDWPHQW 

Comparison no nurse care 

Outcome Length of stay in hospital 
Characteristics Inclusion/exclusion criteria not detailed 
Results  792 and 819 patients with diabetes were admitted to medical and surgical beds in 1997 and 1998 respectively. This represents 

3.3 and 3.4% of all patients admitted within that year, respectively.  
Median length of stay in 1997 was 11 days (range 1–108) in medicine and 8 (1–109) days in surgery.  
Following the introduction of a clinical nurse advisor, these figures were: 8 (1–109) days in medicine and 5 (1–33) in surgery 
(p less than0.001 when compared to pre-nurse stats, respectively) 
 Overall average length of stay in medicine was 8.9 days in 1997 and 10.4 days in 1998, and in surgery 5.1 and 4.9 days 
respectively. 
In 1997 the 3.3% of in patients with diabetes accounted for 6.8% of occupied bed days. In 1998 the 3.4% accounted for only 
4% of the occupied bed days—representing a saving of 4171 bed days.  
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28 Doctors surveyed reported that they regularly called upon the nurse for advice and found her role in patients’  management 
useful. 

Hierarchy of Evidence Grading IIa 

Comments Studies of this kind are very susceptible to bias, due to the possibility that other factors outside of the intervention are 
influencing the outcome. For example, there could have been other changes of staff or recommended medication over the 
course of the year which would change the outcome seen in patients with diabetes— vascular surgeons changes their discharge 
policy for diabetic patients, leading to shorter admissions but the consistency of the reductions across specialities suggests the 
introduction of the nurse did have a significant role 
Study only demonstrates changes in length of stay does not give any clues as to why this happened.  
Authors make assumption that shorter length of stay implies improved diabetic control. 
Patients entered into the study prospectively but data collected retrospectively. Data collected from official discharge 
statistics. 
No matching between patients, no baseline demographic statistics provided. 
Conclusion states: a ward based nurse can positively influence the management of inpatients with diabetes, by adjusting 
diabetes treatment and providing advice and information to patients carers and staff. This conclusion is not related to the study 
performed in which the outcome was length of stay in medical and surgical wards 

Reference / Citation  298 
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Q 23 What are the optimal methods of managing glucose control in in-patients with stable Type 1 diabetes? 
 

Author / Title / Reference / Yr  Koproski J, Pretto Z, Poretsky L 1997 Effects on an intervention by a diabetes team in hospitalised patients with diabetes. 
Diabetes Care 20(10):1553–1555 

N= 179 (usual care plus diabetes team=85 patients, usual care (controls)=94 
USA 

Research Design Randomised Controlled Study 
Aim An evaluation of the effect of a diabetes care team 
Population Not stated 

Intervention Usual care supplemented with a diabetes team intervention 
Diabetes team visited patients on a daily basis, orders were written by the endocrinologists once discussion took place with the 
primary care physician. Nutrition and social work consultations were requested by the team based on individual need. 

Comparison usual care.  

Outcome Length of stay, blood glucose control, readmission rates.  
Characteristics aged 15–94 years 

Males: 53% in intervention group, 47% in control group 
Age (years): intervention group=60.3±15.1, control group 64.7±14.2 
Duration of diabetes (years): intervention group=13.1±14.3, control group=16.2±20.7 
Insulin treated patients (%): intervention group=48, control group =40 

Results  Intervention and control groups were similar in demographic characteristics (age, gender, duration of diabetes, number with 
insulin treated diabetes, and comorbid condition diagnoses and frequency) 
Mean blood glucose on admission differed between the two groups: intervention group=323.3±192 mg/dl vs. 259.5±143.8 in 
controls (p less than0.01) 
Mean and median length of stay was not significantly different for patients with a primary diagnosis of diabetes in the 
intervention or controls (5.5 vs. 7.5 days— 95%CI: 4–8 and 5–11 respectively)  
Patients with secondary diagnosis of diabetes, median length of stay was 10.0 days (8–13) in the intervention group and 10.5 
(8–13)days in controls. 
Compared to the New York State expected values, median length of stay in the control group with was two days less than 
expected in patients with primary diagnosis of diabetes, and 1 day less than expected in the intervention group for those with 
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secondary diagnosis of diabetes. 
Patients with “good” blood glucose levels during the 1st month accounted for 75% in the intervention group and 46% in the 
control group. This difference was reduced over time.  
Documented instructions for blood glucose monitoring were present in 89% of cases in the intervention group and 57% in the 
control group (p less than0.01).  
Documented instructions for insulin administration were present in 69% of the charts of insulin-treated patients in the 
intervention group and 57% in the control group (p less than0.01) 
87% of patients had documented education of any kind in the intervention group, compared with 37% in the control group (p 
less than0.0001) 
76% of patients in the intervention group had nutritional consultation, compared with 40% in the control group (p less 
than0.0001) 
No significant difference was seen in the percentage of patients seen by the social services.  
In the intervention group 15% were readmitted within three months after discharge, compare with 32% in the control group (p 
less than0.01). This difference persisted at six months 

Hierarchy of Evidence Grading Ib 

Comments Length of stay in each group compared with the average expected length of stay based on New York Group Standard days to 
account for possible variability in severity of illness between groups. 
Blood glucose control was considered “good” when 75% of capillary glucose measurements during the last two-thirds of the 
hospitalisation ranged between 80 and 180 mg/dl 
Medical record entries for insulin administration and blood glucose monitoring instructions and nutrition and social service 
consultations were counted 
All patients were tracked for readmissions at 3 and 6 months 
Length of stay in each group compared with the average expected length of stay based on New York Group Standard days to 
account for possible variability in severity of illness between groups. 
Blood glucose control was considered “good” when 75% of capillary glucose measurements during the last two-thirds of the 
hospitalisation ranged between 80 and 180 mg/dl 
Medical record entries for insulin administration and blood glucose monitoring instructions and nutrition and social service 
consultations were counted 
All patients were tracked for readmissions at 3 and 6 months 

Reference / Citation  55 
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Q 24 What is the optimum management of blood glucose and metabolic control in adults with Type 1 diabetes suffering myocardial infarction and cardiovascular 

accident? 
 

Author / Title / Reference / Yr  Malmberg K, Rydén L, Efendic D, Herlitz J, Nicol P, Waldenström A, Edel H, Welin L 1995 Randomised trial of insulin-
glucose infusion followed by subcutaneous insulin treatment in diabetic patients with acute myocardial infarction (DIGAMI 
Study) Effects on mortality at 1 year. J Am Coll Cardiol 26:57–65 

N= 620 (insulin group=306; 314 controls) 
Sweden 

Research Design Randomised controlled study 
Aim Test of efficacy of subcutaneous insulin infusion in people with diabetes post MI 
Population Mixed diabetes population (80% Type 2 diabetes) 

Prediagnosed patients and those diagnosed on admission (blood glucose �����PPRO�/��&ULWHULD�IRU�GLDJQRVLV�RI�0,�FOHDUO\�
outlined; Patients admitted to coronary care units of 19 Swedish hospitals. 
Inclusions: suspected acute MI within the preceding 24 h combined with previously known or diagnosed on admission DM 
and blood glucose greater than11 mmol/L. 
Exclusions: inability to participate for health reasons (incapable of giving informed consent, unable to manage multidose 
insulin treatment), refusal to participate, residence outside hospital catchment area, enrolment in other studies, previous 
participation in DIGAMI 

Intervention Insulin-glucose infusion 
Insulin treatment 
Insulin infusion was started by the nurse as soon as possible after the patients arrival.  
Infusion continued for ����K�XQWLO�VWDEOH�QRUPRJO\FDHPLD�ZDV�DWWDLQHG��6�F��LQVXOLQ�LQVWLWXWHG�LPPHGLDWHO\�DIWHU�FHVVDWLRQ�RI�
infusion according to a multidose regimen, to maintain stable normoglycaemia. Regimen consisted of soluble insulin through 
and insulin pen 3x daily before meals, combined with medium –long-acting insulin in the evening.  
S.c. insulin treatment was withdrawn in cases of severe hypoglycaemic events, and patients unable to manage insulin 
treatment obtained the help of a district nurse or relative before treatment was stopped.  
Concomitant therapy 
If there were no contraindications, thrombolytic treatment was administrated to patients with onset of symptoms within 6 h. 
Streptokinase (1.5 x 106 IU) infused over 60 min. i.v. beta-blocker initiated by repeated injections of metoprolol (���[���PJ�
over 60 min) immediately after admission, followed oral metoprolol �����PJ�GD\�ZLWK�WKH�DLP�RI�REWDLQLQJ�RSWLPDO�EHWD-
blockade as early as possible  
During in-hospital period almost 50% of patients were given thrombolysis and i.v. nitroglycerin and 17% were fully 
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heparinised 
Comparison standard coronary care 

Outcome 3 month and 1 year mortality 
Characteristics Groups well matched in baseline characteristics  

BMI of 27 in both groups— indicating that patients were slightly overweight.  
On admission 226 patients in the infusion group and 232 in the control groups showed ECG signs of ongoing myocardial 
ischaemia and definite MI developed in 270 and 264 patients in the infusion group and controls respectively. 

Results  Three month follow-up 
Fasting blood glucose levels were 8.5±3.1 mmol/L and 9.0±3.2 mmol/L in the infusion and control groups respectively 
(p=NS) 
GHb (measured in 459 patients) was 7.0±1.6% and 7.5±1.8% in both groups respectively (p less than0.01) 
HbA1c decreased significantly in both groups, although this was significantly more marked in the infusion group: 1.1±1.6 vs. 
0.4±1.5 after 3 months (p less than0.0001) and 0.9±1.9 cvs.0.35 ±1.8% after 1 year (p less than0.05) 
Fasting blood glucose 1 year after randomisation did not differ between the two groups. 
In hospital morbidity 
Hospital stay was 11.3±13.3 days in the infusion group and 9.5±9.4 days in the control group (p=0.043). Rates for reinfarction 
(4 vs. 5%), ventricular fibrillation (5 vs. 3%), high degree arterioventricular conduction disturbances (3 vs. 7%) or congestive 
heart failure (48 vs. 50%) did not differ between the two groups.  
Mortality  
Mean follow up time for all patients = 344 days (31–365) (log-rank test used for 1 year follow up data) 
Overall mortality rate was lower than expected and lower at each checkpoint in the infusion group, compared to controls.  
3 month mortality: overall=14.0%; controls=15.6%; infusion group=12.4% (no significant reduction) 
1 year mortality: overall=22.4%; controls=26.1%; infusion group=18.6%. (p=0.0273) 
Relative reduction by the crude method=29%, using the Cox model=31% (CI95%=4–51) 
Mortality reduction by group stratification:  

Mortality 
reduction 

No insulin low risk No insulin, high risk Insulin, low 
risk 

Insulin, high risk 

3 months 52% (p=0.046) –11% 0% 15% 
1 year 52% (9=0.020) 15% 14% 22% 

Conclusions 
The long-term overall mortality in diabetic patients with acute MU could be further reduced by the administration of insulin-
glucose infusion followed by multidose s.c. insulin.  
Patients without previous insulin treatment and with a relatively low risk profile benefited the most. 

Hierarchy of Evidence Grading Ib 
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Comments To test the hypothesis that rapid improvement of metabolic control in diabetic patients with acute MI by means of insulin-
glucose infusion decreases the high initial mortality rate and continued good metabolic control during the early postinfarction 
period improves the subsequent prognosis. 
Definite myocardial infarction diagnosed in patients fulfilling at least two of: 1)chest pain of �����PLQV�GXUDWLRQ���������YDOXHV�
of serum creatine kinase and serum creatine kinase B above the normal range (normal value +2SD) of ����VHUXP�ODFWLF�
dehydrogenase values +2 SD above normal range 48 to 72 h after onset of symptoms, including an isoenzyme pattern typical 
of MI; 3)development of new Q waves in ����RI�WKH����VWDQGDUG�(&*�OHDGV�� 
Possible MI was diagnosed if chest pain was combined with only one serum creatine kinase or serum lactic dehypdrognease 
value above the normal range, or if Q waves appeared in only 1 of the 12 standard CG leads, or both.  
Reinfarction defined as an event fulfilling the above criteria but appearing greater than 72h after the index infarction 
All patients received standard coronary care unit therapy. Patients in the intervention group received insulin-glucose infusion 
according to the predefined protocol for ����K�DQG�WKHQ�V�F��LQVXOLQ�IRXU�WLPHV�GDLO\�IRU�����PRQWKV��� 
Patients classified as high risk by fulfilling ����RI��DJH�JUHDWHU�WKDQ���\HDUV��SUHYLRXV�0,��WUHDWPHQW�IRU�GLJLWDOLV�� 
Patients stratified into four groups according to risk classification and previous antidiabetic treatment: 1) no insulin, low risk; 
2) no insulin, high risk; 3) insulin, low risk and 4) insulin, high risk. 
Power analysis calculated ~600 patients had to be randomised to demonstrate the expected mortality reduction with a 5% 
significance level and a power of 80% 
Study states that randomisation is blinded, however, no details of concealment given.  
Accuracy and feasibility of this study have been previously determined and reported 
Table showing flow of patients into study, however, no details of drop outs given for either group. 
Authors state that except for antidiabetic treatment including insulin, there were no significant differences in the in-hospital or 
follow-up treatment between the two groups. 
Many patients were at high risk at admission 
High proportion of patients receiving beta-blockers contributed to the good prognosis in this study.  
It was not possible to blind this study post-randomisation. Authors state that great care was taken to keep the study blinded 
until allocation to the predefined strata. Lack of blinding may have blunted possible beneficial outcome. 
Due to the unexpectedly low mortality rate, the sample size is a little on the small side, as original power analysis calculated 
on an assumption of higher mortality. This explains the wide confidence intervals. 
Exclusion rate before randomisation of 50% is high, however, the regimen was three months of 4x daily injections, often in 
patients who were not used to having injections, therefore unwillingness to participate was high. 
During the time of the study ACE inhibitors were recommended for use in diabetes however, use did not differ between 
groups 
No details of concomitant treatment during follow-up period. 

Reference / Citation  306 
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Q 24 What is the optimum management of blood glucose and metabolic control in adults with Type 1 diabetes suffering myocardial infarction and cardiovascular 

accident? 
 

Author / Title / Reference / Yr  Malmberg K, Rydén L, Hamsten A, Herlitz J, Waldenström A, Wedel H, Welin L 1996 Effects on insulin treatment on cause-
specific on-year mortality and morbidity in diabetic patients with acute myocardial infarction. Eur Hear J 17:1337–1344 

N= 620 (insulin group=306; 314 controls) 
Sweden 

Research Design Randomised controlled study 
Aim To assess the efficacy of insulin treatment on specific causes of mortality and morbidity in post MI people with diabetes 
Population Mixed diabetes population (80% Type 2 diabetes) 

Prediagnosed patients and those diagnosed on admission (blood glucose �����PPRO�/��&ULWHULD�IRU�GLDJQRVLV�RI�0,�FOHDUO\�
outlined; Patients admitted to coronary care units of 19 Swedish hospitals. 
Inclusions: suspected acute MI within the preceding 24 h combined with previously known or diagnosed on admission DM 
and blood glucose greater than11 mmol/L. 
Exclusions: inability to participate for health reasons (incapable of giving informed consent, unable to manage multidose 
insulin treatment), refusal to participate, residence outside hospital catchment area, enrolment in other studies, previous 
participation in DIGAMI 

Intervention Insulin-glucose infusion 
Insulin treatment 
Insulin infusion was started by the nurse as soon as possible after the patients arrival.  
Infusion continued for ����K�XQWLO�VWDEOH�QRUPRJO\FDHPLD�ZDV�DWWDLQHG��6�F��LQVXOLQ�LQVWLWXWHG�LPPHGLDWHO\�DIWHU�FHVVDWLRQ�RI�
infusion according to a multidose regimen, to maintain stable normoglycaemia. Regimen consisted of soluble insulin through 
and insulin pen 3x daily before meals, combined with medium –long-acting insulin in the evening.  
S.c. insulin treatment was withdrawn in cases of severe hypoglycaemic events, and patients unable to manage insulin 
treatment obtained the help of a district nurse or relative before treatment was stopped.  
Concomitant therapy 
If there were no contraindications, thrombolytic treatment was administrated to patients with onset of symptoms within 6 h. 
Streptokinase (1.5 x 106 IU) infused over 60 min. i.v. beta-blocker initiated by repeated injections of metoprolol (���[���PJ�
over 60 min) immediately after admission, followed oral metoprolol �����PJ�GD\�ZLWK�WKH�DLP�RI�REWDLQLQJ�RSWLPDO�EHWD-
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blockade as early as possible  
During in-hospital period almost 50% of patients were given thrombolysis and i.v. nitroglycerin and 17% were fully 
heparinised 

Comparison standard coronary care 

Outcome Early and late cause-specific mortality and morbidity; fatal and non-fatal reinfarctions 
Characteristics Groups well matched in baseline characteristics  

BMI of 27 in both groups— indicating that patients were slightly overweight.  
On admission 226 patients in the infusion group and 232 in the control groups showed ECG signs of ongoing myocardial 
ischaemia and definite MI developed in 270 and 264 patients in the infusion group and controls respectively. 

Results  Reinfarction during 1 year follow-up 
108 patients (18%) suffered a reinfarction (55 controls vs. 53 in the infusion group) 
Fatal reinfarction 
Cumulative rate of fatal reinfarctions: controls=25 patients , infusion group=15.  Reduction =40% (95%CI: –15% to 65%, 
p=0.12). 
In total 45% of reinfarctions were fatal in the control group. Compared to 28% in the insulin group. (p=non-significant). 
Rehospitalisation 
The groups did not differ with respect to rehospitalisation of patients. There was no increase due to hypoglycaemia in the 
infusion group, and there was a tendency to fewer hospitalisations as a result of congestive heart failure 

Hierarchy of Evidence Grading Ib 

Comments reinfarction defined as an event fulfilling the criteria given for an MI by appearing later than 72h after index  infarct 
hospital files for all patients with suspected reinfarction were checked and the diagnosis approved by two independent 
cardiologists who were not in any other way related to the study. Final analysis comprised the first reinfarction only. 
Sudden death=unwitnessed death, or death within 24h of symptoms.  
Ventrixcular tachyarrhythmias: defined as presence of ventricular premature beats or ventricular tachycardia requiring 
antiarrhythmic treatment, or documented ventricular fibrillation (‘early’  if within 24h of onset of symptoms and ‘late’  
thereafter).  
Only high-grade AV-blocks (II–III) were considered. Standard ECG criteria were applied 
All patients were followed for one year. Specific case record forms were completed 3 and 12 months after randomisation . 
including information on morbidity and mortality. 
No patient was lost to follow up. 

Reference / Citation   
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Q 24 What is the optimum management of blood glucose and metabolic control in adults with Type 1 diabetes suffering myocardial infarction and cardiovascular 

accident? 
 

Author / Title / Reference / Yr  Malmberg K for the DIGAMI study group 1997 Prospective randomised study of intensive insulin treatment on long term 
survival after acute myocardial infarction in patients with diabetes mellitus. BMJ 314:1512–1515 

N= 620 (insulin group=306; 314 controls) 
Sweden 

Research Design Randomised controlled study 
Aim To assess the efficacy of insulin treatment on long term mortality and morbidity in post MI people with diabetes 
Population Mixed diabetes population (80% Type 2 diabetes) 

Prediagnosed patients and those diagnosed on admission (blood glucose �����PPRO�/��&ULWHULD�IRU�GLDJQRVLV�RI�0,�FOHDUO\�
outlined; Patients admitted to coronary care units of 19 Swedish hospitals. 
Inclusions: suspected acute MI within the preceding 24 h combined with previously known or diagnosed on admission DM 
and blood glucose greater than11 mmol/L. 
Exclusions: inability to participate for health reasons (incapable of giving informed consent, unable to manage multidose 
insulin treatment), refusal to participate, residence outside hospital catchment area, enrolment in other studies, previous 
participation in DIGAMI 

Intervention Insulin-glucose infusion 
Insulin treatment 
Insulin infusion was started by the nurse as soon as possible after the patients arrival.  
Infusion continued for ����K�XQWLO�VWDEOH�QRUPRJO\FDHPLD�ZDV�DWWDLQHG��6�F��LQVXOLQ�LQVWLWXWHG�LPPHGLDWHO\�DIWHU�FHVVDWLRQ�RI�
infusion according to a multidose regimen, to maintain stable normoglycaemia. Regimen consisted of soluble insulin through 
and insulin pen 3x daily before meals, combined with medium –long-acting insulin in the evening.  
S.c. insulin treatment was withdrawn in cases of severe hypoglycaemic events, and patients unable to manage insulin 
treatment obtained the help of a district nurse or relative before treatment was stopped.  
Concomitant therapy 
If there were no contraindications, thrombolytic treatment was administrated to patients with onset of symptoms within 6 h. 
Streptokinase (1.5 x 106 IU) infused over 60 min. i.v. beta-blocker initiated by repeated injections of metoprolol (���[���PJ�
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over 60 min) immediately after admission, followed oral metoprolol �����PJ�GD\�ZLWK�WKH�DLP�RI�REWDLQLQJ�RSWLPDO�EHWD-
blockade as early as possible  
During in-hospital period almost 50% of patients were given thrombolysis and i.v. nitroglycerin and 17% were fully 
heparinised 

Comparison standard coronary care 

Outcome Long term all cause mortality 
Characteristics Groups well matched in baseline characteristics  

BMI of 27 in both groups— indicating that patients were slightly overweight.  
On admission 226 patients in the infusion group and 232 in the control groups showed ECG signs of ongoing myocardial 
ischaemia and definite MI developed in 270 and 264 patients in the infusion group and controls respectively. 

Results  Mean (range) follow-up time was 3.4 (1.6–5.6) years.  
No patient lost to follow up as regards mortality 
During the continued follow-up there were 138 (44%) deaths in the control group, compared with 102 (33%) deaths in the 
infusion group. 
The relative reduction (by the Cox model method) in mortality at the end of follow-up = 28% (95%CI: 8–45, p=0.011) 
Stratified by group: 

 No insulin, low 
risk 

No insulin, high risk Insulin, low risk Insulin, high risk 

Mean follow-up 
(y) 

3.4 (1.7–5.6) 3.3 (1.6–5.5) 3.4 (1.6–5.6) 3.5 (1.7–5.6) 

Total mortality 69 (25%) 69 (53%) 42 (35%) 60 (60%) 
Mortality by group     
Treatment 44 (33%) 35 (53%) 26 (40%) 33 (66%) 
Control 25 (18%) 34 (54%) 16 (30%) 27 (54%) 
P value 0.004 greater than0.2 greater than0.2 greater than0.2  

Hierarchy of Evidence Grading Ib 

Comments After one year patients were followed p by their physician by regular visits according to the patient’ s need.  
The vital status of all patients was checked and verified by the physician responsible for the study in each participating centre. 
Follow-up to 3.5. years not stated a priori in original study design.  
This could just be case note analysis 3.5 years on.  
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Exact information about insulin treatment during long term follow up not available. 220 (72%) and 154 (49%) of patients in 
the infusion and control group respectively were taking insulin at one year. An increase in the number of insulin treated 
controls over time is expected due to the natural history of NIDDM 

Reference / Citation   
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Q 24 What is the optimum management of blood glucose and metabolic control in adults with Type 1 diabetes suffering myocardial infarction and cardiovascular 

accident? 
 

Author / Title / Reference / Yr  Clark RS, English M, McNeill GP, Newton RW 1985 Effect of intravenous infusion of insulin in diabetics with acute 
myocardial infarction. BMJ 291:303–305 

N= 62 (29 in intervention cohort, 33 controls) 
UK 

Research Design Cohort study 
Aim To determine the effect of IV insulin infusion in post MI people with diabetes 
Population Mixed diabetes population MI diagnosed when chest pain was present and electrocardiography and enzyme activity indicated 

infarction.  
All subjects were known to have diabetes before admissions  
Patients who died before i.v. treatment could be started were not included to in the study 

Intervention Continuous intravenous insulin therapy 
Comparison conventional treatment 

Outcome Total mortality 
Complications requiring treatment: 
heart failure, diagnosed clinically or radiologically, requiring a diuretic   
arrhythmias, shown by electrocardiography, requiring specific antiarrhythmic treatment 

Characteristics Not recorded 
Results  No significant difference was seen between the two groups in age, sex distribution, site of MI, incidence of previous MI, 

duration of diabetes, incidence of hypertension, cigarette smoking, cardiac drugs taken before admission, or mean plasma 
glucose concentration on admission. 
Only 6 patients were insulin dependent 
A significant difference was seen in total mortality between the two groups (42% vs 17% in groups 1 and 2 respectively, p less 
than0.02) 
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A significant difference between the two groups was also seen for total complications (79% vs. 52% respectively, p less 
than0.01) and arrhythmias (42 vs. 17%, p less than0.05)  
When the two major complications were considered the occurrence of complications fell significantly in patients receiving 
oral hypoglycaemic drugs prior to admission.  
No significant change in the number of complications was seen in those patients receiving diet alone or insulin before 
admission.  
 

  Total 
(%) 

Diet treated  
patients 

Patients treated with 
oral hypoglycaemics 

Insulin treated 
patients 

Group 1 42 33 33 83 Mortality 
Group 2 17 27 8 16 
Group 1 79 75 87 83 Complications (HF arrhythmias) 
Group 2 52 45 50 67 
Group 1 42    Arrhythmias 
Group 2 17    

 
There was no change in mortality among non diabetic subjects with MI over the two time periods of the study (42% vs. 13% 
respectively) 

Hierarchy of Evidence Grading IIa 

Comments 1982–1983 protocol: 
Subjects treated with diet alone or oral hypoglycaemic drugs continued with this treatment unless control was poor, when they 
were change to multiple subcutaneous injections of soluble insulin. Those already receiving insulin were maintained on s.c. 
injections administered before each main meal.  
1983–1984 protocol: 
Subjects receiving oral hypoglycaemic drugs or insulin were change to continuous intravenous infusion of insulin.  
Blood glucose concentration was monitored with a glucometer hourly for the first four hours, four hourly for the next 24 hours 
and before meals on days 2 and 3. Actrapid MC insulin was given to maintain blood glucose concentrations at 4–7 mmo.L  
On day 4 treatment was changed to Actrapid insulin administered s.c. before each main meal. 
Patients treated by diet continued with this unless control was poor, when they were changed to i.v. insulin Authors state: The 
fall in incidence of complications and mortality is unlikely to have been caused by other changes in treatment as the mortality 
of non-diabetic patients was constant over the two years of the study.   
However, this does not always follow, as there may have been changes in insulin regimens used, effectiveness of delivery, 
better insulin treatment, more effective oral hypoglycaemic agents available. Patients may have been healthier, better informed 
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of their conditions, or treated by a different doctor in sample from 1983 to 1984. These would all be potential confounders.  
Authors also say that there were no other major changes in the treatment policy of the cardiac control unit during this period.  
The fall in mortality was confined to patients who had previously received insulin or oral hypoglycaemic drugs, however the 
treatment regimen was unchanged for patients treated by diet alone, except in the case of poorly controlled blood glucose.  
Oral hypoglycaemic drugs have several potentially deleterious effects in patients with coronary heart disease, therefore it may 
not be relevant to compare these patients with those receiving insulin for their diabetes. 
Paper does not outline whether patients were all type 2 or some type 1 also.  
Inclusion and exclusion criteria not outlined. This is important to account for selection bias.  

Reference / Citation  308 
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13.4 Associated illness 
 

 
 

Q73 What is the appropriate surveillance for concurrent autoimmune disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Li voon Chong, J. S. W., Leong, K. S., Wallymahmed, M., Sturgess, R., & Macfarlane, I. A. 2002, "Is coeliac disease more 
prevalent in young adults with coexisting Type 1 diabetes mellitus and autoimmune thyroid disease compared with those with 
Type 1 diabetes mellitus alone?", Diabetic Medicine, vol. 19 , no. 4, pp. 334-337. 

N= N=38 to 509 in different studies 
UK 

Research Design Prevalence study 
Aim The study assessed whether coeliac disease, either known or occult, occurs more frequently in young/ middle aged adults with 

Type 1 diabetes and coexisting autoimmune thyroid dysfunction than in adults with Type 1 diabetes alone 
Population Type 1 diabetes 
Intervention N/A 
Comparison N/A 
Outcome Prevalence of coeliac disease in people with Type 1 diabetes with and without autoimmune thyroid disease 
Characteristics Characteristics varied between studies 
Results  Seven of the 509 people attending this adult Type 1 diabetes clinic had known Coeliac disease, giving a prevalence of 1.4%. 

In all seven people, Coeliac disease had been diagnosed after I-DM had developed. 
In 38 people with Type 1 diabetes and AITD there was only one with positive endomysial anti- bodies in this group, however 
duodenal biopsy was normal  
Among people with Type 1 diabetes alone (n = 112) two people had  positive endomysial antibodies, but from duodenal 
biopsies only one had histological confirmation of Coeliac disease. 

Hierarchy of Evidence Grading IV 
Comments IgA endomysial antibodies were detected by indirect immunofluorescence and IgA gliadin antibodies by ELISA. Total serum 

IgA levels were also measured to avoid false-negatives 
The studies did not find a higher prevalence of Coeliac disease in people with both Type I diabetes and AITD with positive 
EMA) compared with those with Type I diabetes alone 
Although a strong case can be made to screen people at risk, such as those with Type 1 diabetes for Coeliac disease by 
detection of endomysial antibodies, it is unclear how often screening should be carried out. 

Reference / Citation  
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Q73 What is the appropriate surveillance for concurrent autoimmune disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Davis, R. E., McCann, V. J., & Stanton, K. G. 1992, "Type 1 diabetes and latent pernicious anaemia", Medical Journal of 
Australia., vol. 156, no. 3, pp. 160-162. 

N= N=371 type 1 diabetics  Location= Australia  
Research Design Diagnostic study 
Aim To determine the prevalence of latent pernicious anaemia (PA) in type 1 diabetics 
Population Type 1 diabetes 

 
Exclusions: clinical evidence of secondary diabetes, secondary to disorders such as pancreatitis or haenochromatosis. 

Intervention Serum cobalamin levels 
Comparison N/A 

 
Outcome Hb (g/L), mean corpuscular volume (MCV), serum cobalamin (ng/L), cobalamin absorption, serum folate, parietal cell 

antibodies 
Characteristics 156 females and 215 males 

Type 1 diabetes age of onset less than 40 years requiring insulin 
 

Results  Six of the 371 people, two males and four females, were found to have reduced serum cobalamin concentration  
Five people were found to have an intrinsic factor related to cobalamin malabsorption. 
Four people had no clinical signs of pernicious anaemia, the fifth patient was mildly anaemic (haemoglobin level 111 g/L) 
All four people with latent pernicious anaemia had hypothyroidism, based on low thyroxine levels, increased levels of thyroid 
stimulating hormone and the presence of thyroid antibodies. 
 

Patient no. Hb (g/L) MCV (fL) Serum 
cobalamin 
(ng/L) 

58Co 
labeled 

57 CO 
labeled 

Ratio Serum 
folate 
(ug/L) 

Parietal 
cell 
antibodies 

1 151 95 120 3.8 17.1 4.5 9.7 +++ 
2 143 96 145 5 23.7 4.7 12.9 +++ 
3 122 95 115 11.8 17.8 1.5 10.8 +++ 
4 135 87 110 6.2 12.2 1.96 10.4 ++ 
5 111 100 less than50 2.7 10.2 3.78 5.2 + 
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Conclusion 
These results give a prevalence of latent PA of 11 per 1000 in diabetics with clinically manifest disease and 1,27 per 1000 in 
the general population. 

Hierarchy of Evidence Grading DS 
Comments People recruited between 1974 and 1986 and followed up to 1990. 

Serum cobolamin level determined by microbiological method. 
Cobalamin absorption measured by means of double cobalt isotope technique. 
Diagnostic methods using standardised published methodology 
Prevalence latent PA 1.08% is well below previously reported prevalence of 4% 
Small study (not powered) 
People subsequently treated with regular cobalamin injections remained symptom free. 
No comparison 
 

Reference / Citation 309 
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Q73 What is the appropriate surveillance for concurrent autoimmune disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Matteucci, E., Cinapri, V., Quilici, S., Lucchetti, A., Mugnaini, P., & Giampietro, O. 2001, "Screening for coeliac disease in 
families of adults with Type 1 diabetes based on serological markers", Diabetes, Nutrition & Metabolism - Clinical & 
Experimental., vol. 14, no. 1, pp. 37-42. 

N= N=74 type 1 diabetics  Location= Italy 
n = 69 parents of diabetic probands 
n = 59 siblings 
n = 50 health controls 

Research Design Screening study 
Aim To determine the frequency of coeliac disease-specific serologic markers and the prevalence of celiac disease in families of 

adults with type 1 diabetes.  
Population Type 1 diabetics 

 
Exclusions: no other medical treatment apart from insulin (except antihypertensives), no relative had evidence of illness, 
healthy subjects had no family history of diabetes 

Intervention Screening 
1st step) Circulating islet cell antibodies (ICA), anti-glutamic acid decarboxylase antibodies and Gliadin antibodies (AGA)  
2nd step) IgA class anti-endomysium antibodies (EmA) detected by immunofluorescence 
 

Comparison Healthy controls 
 

Outcome Presence/ absence of celiac disease 
Characteristics  

All diabetics had been treated with two daily insulin injections 
 
type 1 diabetics 
age 32 � 11 years 
disease duration 13 � 9 years 
 
Baseline characteristics not compared between groups 
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Results  Step 1 screening 
 

 type 1 diabetes siblings parents controls 
n 74 59 69 50 
ICA 19 (26%) p less 

than0.001 vs controls 
4 (7%) 4 (6%) 0 (0%) 

GADA 34 (46%) p less 
than0.001 vs controls 

1 (2%) 4 (6%) 0 (0%) 

IgA-AGA 25 (34%) p less 
than0.001 vs controls 

5 (8%) 10 (14%) 3 (6%) 

IgG-AGA 4 (5%) 0 (0%) 5 (7%) 4 (8%) 
 
Samples were positive for ICA in 19 diabetics (26%), 4 parents (6%), 4 siblings (7%), 0 controls (p less than0.001) 
Samples were positive for GADA in 34 diabetics (46%), 4 parents (6%), 1 sibling (2%), 0 controls (p less than0.001) 
Raised IgA-AGA (greater than4.4mg/l) was found in 25 diabetics (34%), 10 parents (14%), five siblings (8%), 3 controls 
(6%) (p less than0.001) 
Raised IgG-AGA (greater than18mg/l) was found in four diabetics (5%), five parents (7%), 0 siblings (0%),  4 controls (8%) 
Both IgA-AGA and IgG-AGA were detected in 1 diabetic patient and 2 parents. 
 
The prevalence of ICA, GAG, IgA-AGA positivity in diabetic individuals was significantly higher than in controls (p less 
than0.001) 
 
Among diabetic people, 19 were ICA positive, 22 ICA-negative were GADA-positive, 9 ICA-GADA negative were AGA 
positive. Thus 68% (50/74) were positive for at least one of these serologic markers. 
 
Step 2 screening 
 
50 AGA-positive subjects performed EmA test: only 2 of them, a diabetic patient and a sibling, were EmA positive 
The type 1 diabetic had a biopsy consistent with celiac disease. 
The two EmA-positive subjects showed circulating iron levels significantly lower than all other EmA-negative individuals 
(21.5 � 3.5 vs 82.8 � 36.4 ug/dl, p less than0.05) 
 
Conclusion 
This study found the prevalence of biopsy-proven celiac disease to be 1.3% among people with type 1 diabetes, 0 among 
parents and 0 among controls. 
  

Hierarchy of Evidence Grading DS 
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Comments Fasting venous blood and 24-hr urine taken for sampling 
Test and references were not blind 
Tests not conducted in entire sample (only 50 AGA positive subjects were tested for EmA and only two people were offered 
biopsy) 
 

Reference / Citation 312 
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Q73 What is the appropriate surveillance for concurrent autoimmune disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Talal, A. H., Murray, J. A., Goeken, J. A., & Sivitz, W. I. 1997, "Celiac disease in an adult population with insulin-dependent 
diabetes mellitus: Use of endomysial antibody testing", American Journal of Gastroenterology, vol. 92, no. 8, pp. 1280-1284. 

N= N=188 type 1 diabetics  Location= US 
Research Design Screening study 
Aim To determine the frequency  with which coeliac disease occurs in people with type 1 diabetes in US. 
Population Type 1 diabetics 

 
Exclusions: gastroenterological complaints 

Intervention IgA class anti-endomysium antibodies (EmA) detected by immunofluorescence 
 

Comparison Histological confirmation of celiac disease by small intestinal biopsy – partial or total villous atrophy 
 

Outcome Positive IgA-EmA identified as ring-like pattern on smooth muscle cells at dilutions greater than 1:10 
Characteristics Mean age 34.6 years 

Mean duration of type 1 diabetes 18.8 years 
 

Results  3/188 people were not tests because of a prior diagnosis of celiac disease and treatment with a gluten-free diet. 
 
Gastrointestinal symptoms 
diarrhoea 52/185 (28.1%) 
Constipation 51/185 (27.5%) 
Early satiety 42/185 (22.7%) 
Dyspepsia 43/185 (23.2%) 
Steatorrhoea 32/185 (17.2%) 
Symptoms consistent with lactose intolerance 20/185 (10.8) 
 
IgA-EmA 
Nine out of 185 people were positive for IgA-EmA. 
The only symptom that was significantly associated with antiedomysial antibody positivity was a history of lactose 
intolerance p less than0.05. 
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Confirmation by biopsy 
5/9 people who were positive for IgA-EmA agreed to undergo biopsy. 
4/5 of these people had biopsies consistent with celiac disease (one patient’ s biopsy equivocal) 
 
Gastrointenstinal symptoms, endomysial antibody titre, and small intenstinal biopsy results in nine subjects with type 1 
diabetes and antiendomysial antibody positivity 

Patient no. Age (yr) Sex Diarrhoea Lactose 
Intolerance 

Steatorrhoea EMA biopsy 

1 45 F N Y Y 1:160 + 
2 36 M N N N 1:160 + 
3 18 F Y Y N 1:160 + 
4 22 F Y Y N 1:160 ND 
5 38 M N N N 1:80 ND 
6 43 M N Y N 1:40 ND 
7 34 F N N N 1:20 equi 
8 59 M Y Y N 1:20 + 
9 25 F Y N N 1:20 Nd 

 
Conclusion 
Including the 3 people already with a diagnosis of celiac disease, the prevalence of celiac disease in the sampled population 
was 6.4% 
Antiendomysial antibodies were highly predictive of the presence of celiac disease on biopsy. 
 

Hierarchy of Evidence 
Grading 

DS 

Comments Diagnosis of IDDM: 
1) insulin requirement at diagnosis and consistent insulin requirements 
2) onset of type 1 diabetes before age 40 
3) widely fluctuating blood glucose  typical of type 1 diabetes 
Unselected type 1 diabetics at outpatients clinic 
Inpatients also identified by investigators 
Serum samples obtained for testing 
Questionnaire conducted to determine presence of diarrhoea, lactose intolerance, steatorrhea 
Prevalence of celiac disease in this study is similar to that in studies undertaken in Europe 
The investigator interpreted the immunofluorescent antibody staining while unaware of the identity or dilution of the sera. 
Medium sized sample 
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Q73 What is the appropriate surveillance for concurrent autoimmune disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / 
Yr  

Sjoberg, K., Eriksson, K. F., Bredberg, A., Wassmuth, R., & Eriksson, S. 1998, "Screening for coeliac disease in adult insulin-
dependent diabetes mellitus", Journal of Internal Medicine., vol. 243, no. 2, pp. 133-140. 
 

N= N=848 type 1 diabetics  Location= Germany/Sweden 
Research Design Screening study 
Aim To determine the prevalence and clinical characteristics of coeliac disease (CD) in people with type 1 diabetes  
Population Type 1 diabetics 

 
Exclusions: no exclusions states 

Intervention Screening 
1st step ) Gliadin antibodies detected by ELISA assay 
2nd step) IgA class anti-endomysium antibodies (EmA) detected by immunofluorescence 
 

Comparison Prevalence of GA positivity in type 1 diabetics vs group of 1537 health blood donors 
 
Prevalence of EMA positivity vs people with previously known celiac disease (n = 25), people with Crohn’ s disease (n = 36), 
people with ulcerative colitis (n = 24) and people with irritable bowel syndrome (n = 46) . 
 
Histological confirmation of celiac disease by small intestinal biopsy – partial or total villous atrophy 
 

Outcome Positive test result defined as titre above 8.5 arbitrary units for IgA-GA and above 330 arbitrary units for IgG-GA 
Positive IgA-EmA identified as fluorescence at titre greater than5 

Characteristics 400 women 448 men 
Mean age 46.1 years 
 

Results  Characteristics of the type 1 diabetes population 
Mean IgA-GA titre was 4.6 as compared to 2.8 for the blood donor group. 
Mean IgG-GA titre was 79 as compared to 84 in the blood donor group 
 
Prevalence of GA positivity 
258/848 people were positive for either IgA- and/or IgG-GA 
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8/258 had known celiac disease 
Of the 8 people with known celiac disease, five were IgA-GA positive but had normal IgG-GA titres, and three were both 
IgA- and IgG-GA positive. 
 
19/848 people were both IgA- and IgG-GA positive 
17/19 people had subnormal C peptide concentrations (less than0.1 nmol/L) 
 
There was no correlation between diabetes duration and GA titres. 
 
Prevalence of EMA and coeliac disease 
20/258 were positive for EMA 
 
7/20 had new celiac disease  
7/20 had probable celiac disease 
(of the 14 new celiac disease persons identified by EMA analysis, seven had villous atrophy, four died during the interval 
between blood sampling and analysis and three refused biopsy) 
 
The prevalence of celiac disease in this population of type 1 diabetics was 1.8%  
 
Coeliac disease vs duration of type 1 diabetes 
 

Duration (years) 0-10 11-20 21-30 31-40 greater than41 
celiac disease (n) 4 6 2 7 3 
type 1 diabetes 
(n) 

253 252 170 98 53 

% with celiac 
disease 

1.6 2.3 1.2 6.7 5.4 

 
 
Conclusion 
In the present study the predictive value of GA was 21% with a high false-positive rate for IgA-GA. 
EMA has specificity of 100% - CD was probably present in the three people not investigated and was probably present in the 
four who died. The prevalence of celiac disease in type 1 diabetes may therefore be 2.6%. 
After 30 years diabetes duration, the prevalence of celiac disease was greater than 6%. 
 

Hierarchy of Evidence 
Grading 

DS 
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Comments Diagnosis of IDDM (WHO criteria):age of diabetes onset less than35 years, an interval of less than three years between 
diabetes onset and insulin requirement, or a body mass index below 25 for women and below 27 for men. 
People positive for islet cell antibodies with subnormal C-peptide concentrations or manifesting evidence of multiple 
autoimmunity. 
Large population – study not powered 
No discussion of blinding 
 

Reference / Citation 311 
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Q73 What is the appropriate surveillance for concurrent autoimmune disease in adults with Type 1 diabetes? 
 

Author / Title / Reference / 
Yr  

Sategna-Guidetti, C., Grosso, S., Pulitano, R., Benaduce, E., Dani, F., & Carta, Q. 1994, "Celiac disease and insulin-
dependent diabetes mellitus. Screening in an adult population", Digestive Diseases & Sciences., vol. 39, no. 8, pp. 1633-1637. 
 

N= N=383 type 1 diabetics  Location= Italy 
Research Design Screening study 
Aim To determine the value of IgA class anti-endomysium antibodies (EmA) in detecting unrecognised coeliac disease in Type 1 

diabetics. 
Population Type 1 diabetics 

 
 

Intervention IgA class anti-endomysium antibodies (EmA) 
 

Comparison 151 adults with biopsy proven celiac disease, as true positives (as determined by intestinal biopsy) 
520 controls (healthy and diseased) as true negatives (as determined by intestinal biopsy) 
 

Outcome partial or total villous atrophy (i.e. diagnosis of celiac disease) 
Characteristics 383 adult IDDM people 

215 males 168 females 
mean age 39 � 14 years, range 16-84 
 
No comparison of baseline characteristics between groups 
 

Results  IgA-EmA test in positive and negative controls 
IgA-EmA positivity was found in 145/151 (96%) people with celiac disease. 
None of the controls was EmA positive, thus confirming 100% specificity of test. 
 
IgA-EmA in type 1 diabetics 
IgA-EmA were positive in 12 type 1 diabetics (6 males, six females) 
Intestinal biopsy performed in 10/12 (two people refused), and all showed either partial or total villous atrophy, thus 
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confirming the diagnosis of celiac disease. 
 
Conclusion 
The prevalence of biopsy-proven celiac disease among adult type 1 diabetics was 3.13%. This study showed IgA-EmA had 
high specificity in detecting celiac disease in type 1 diabetics. 
 

Hierarchy of Evidence 
Grading 

DS 

Comments Blinding not discussed 
After gluten withdrawal, IgA-EmA titres declined in all cases. 
Prevalence in this study 3.13% was eight times higher than estimated previously for general Italian population. 
 

Reference / Citation 313 
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13.5 Psychological problems 
 

 
 

Q 16 How are adults with type I diabetes affected by anxiety and depression? 
 

Author / Title / Reference / Yr  Berlin, I., Sachon, C., Bisserbe, J-C., Bosquet, F., Eiber, R., Grimaldi, a., Balssa, N. (1997). Phobic symptoms, particularly the fear of blood and 
injury, are associated with poor glycemic control in Type I diabetic adults, Diabtes Care, 20, 2, 176-178. 

N= N=102 participants 
Location= France, Department of Diabetology at the Pité-Salpêtrière Hospital. 
Sites=1 

Research Design Cross-sectional cohort study 
Aim To investigate the presence of psychiatric disorders and symptoms in type I diabetic people and to identify those symptoms that may influence 

metabolic control as assessed by GHb levels. 
Population Type I diabetes N=102 

GHb less than8% group N=51 
GHb greater than8% group N=51 

Intervention Self-rating questionnaires (General Health Questionnaire and Fear Questionnaire) and observer-rating questionnaires (Montgomery-Asberg 
Depression Rating Scale and Mini International interview).  
Diabetic characteristics were assessed by a structured interview.  
Psychiatric disorders and symptoms that may influence metabolic control: 
- Psychological distress 
- Main phobia, global phobia, total phobia (agoraphobia, fear of blood and injury, and social phobia), and anxiety-depression 
- Depression 

Comparison N/A 
Outcome Level of glycemic control 
Characteristics Type I diabetes 

Mean age GHb less than8% group=43yrs (20-68); GHb greater than8% group=43yrs (18-72) 
Gender M/F GHb less than8% group=32/19; GHb greater than8% group=24/27 
GHb (%) GHb less than8% group=7.1 (5.5-7.8); GHb greater than8% group=9.1 (8-12) 

Results  The presence of psychiatric disorders and symptoms in type I diabetic people: 
General Health Questionnaire- People with poor metabolic control had higher psychological distress (p=0.02). 
MADRAS- mean score did not differ significantly between GHb less than8% people and GHb greater than8% people. 
General Health Questionnaire score was significantly and positively associated with MADRAS and anxiety-depression scores of the Fear 
Questionnaire (Multiple R = 0.71; F2,99=49.14; P=0.001), but it was not influenced by phobic factors. 
Fear Questionnaire 
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94% people reported at least one phobic symptom. People with poor glycemic control had higher scores for symptoms of agoraphobia (p=0.04) and 
fear of blood injury (p=0.02). They did not differ for social phobia. The total symptom score (p=0.03) of these phobias and the intensity of the 
phobic symptoms that people considered as their main phobia (0.01) was also higher in the poor glycemic control group, and they had significantly 
higher levels of anxiety-depression (P=0.002). 
Variables which may influence metabolic control as assessed by GHb levels 
The total symptom score of phobias, the number of blood glucose measurements per day, and the score of anxiety-depression constituted the model 
of association of variables with metabolic control as expressed by GHb (multiple R=0.41; F3,98=6.42; P=0.0005). The total symptom score of 
phobias (first step: R=0.29, R² change=0.086; standardisation coefficient=0.22, t=2.28, p=0.02) and the anxiety depression score (third step: 
R=0.41, R² change=0.035, p=0.04; standardised regression coefficient=0.21, t=2.04, p=0.04) were positively correlated with GHb, and the number 
of blood glucose measurements per day was negatively correlated (second step: R=0.36, R² change=0.043, p=0.029; standardised regression 
coefficient=-0.25, t=-2.64, p=0.0098) with GHb. 
Fear of blood and injury mediated the effect of the number of blood glucose measurements per day on GHb: 
1) The fear of blood and injury affects the number of blood glucose measurements per day (R=0.28; F3,98=2.86; p=0.04); 
2) The number of blood glucose measurements per day affects GHb (R=0.21; F1,100=4.41; p=0.038); 
3) GHb is significantly related to the fear of blood and injury (R=0.23; F1,100=5.54; p=0.02); 
4) Both independent variables affect the dependent variable and the effect of the fear of blood and injury is greater (t=2.24) than that of the number 
of blood glucose measurements per day (t=-1.97) (multiple R=0.30;F2,99=4.8, p=0.01);  
5) The best relationship was found between GHb and the number of blood glucose measurements per day, adjusted on the fear of blood and injury 
(R=0.27; F1,95=7.72; p=0.007 with y=8.31).  
 

Hierarchy of Evidence Grading IIb 
Comments General Health Questionnaire-designed to detect those people with a diagnosable psychiatric disorder. 

-Fear questionnaire- measures main phobia, global phobia, total phobia (agoraphobia, fear of blood and injury, and social phobia), and anxiety-
depression. 
-Montgomery-Asberg Depression Rating Scale (MADRAS) is used to assess depression. 
-Mini International Neuropsychiatric Interview (MINI)-examines lifetime and current psychiatric disorders according to DSM-IV criteria. 
-HbA1 was measured by high performance liquid chromatography (Autoanalyser DIAMAT Borad, France) 
No power analyses. 
The observer was blind to the characteristics of the participants. 
The study shows that type I diabetic adults with poorer metabolic control perform fewer blood glucose measurements per day. The relationship is 
mediated by the fear of blood and injury. The study concludes that diabetes education programs should be directed to disclose and treat this phobic 
symptom to improve glycemic control. 

Reference / Citation 318 
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Q 16 How are adults with type I diabetes affected by anxiety and depression? 
 

Author / Title / Reference / Yr  Zambanini, A., Newson, R. B., Maisey, M., Feher, M. D. (1999). Injection related anxiety in insulin-treated diabetes. Diabetes Research and 
Clinical Practice, 46, 239-246.   

N= N=115 participants  
Sites=1 
Location= Teaching hospital diabetes outpatient clinic for routine follow-up, UK. 

Research Design A questionnaire survey was performed of consecutive insulin-treated people with either Type I or Type II diabetes, attending a teaching hospital 
diabetes outpatient clinic, for routine follow-up. The study was conducted over a single 3-month period. 

Aim To ascertain the prevalence of phobia and anxiety symptoms related to insulin injection. 
To assess the association between insulin injection anxiety symptoms with the level of general anxiety in the study group. 
To evaluate the influence of these factors on glycaemic control. 

Population Total diabetes sample N=115: Female N=59/Male N=56 
Type I diabetes N=80 
Type II diabetes N=35. 

Intervention N/A 
Comparison N/A 
Outcome Prevalence of IAS (DSM-IV diagnostic criteria for 300.29 specific phobia) 

Association between IAS and GAS (Hospital Anxiety and Depression Scale- anxiety subscale- which is described to have been validated as a 
screening tool for depression and anxiety and has also been used specifically in people with Type I and Type II diabetes). 
Influence of IAS and GAS on glycemic control (HPLC) 

Characteristics Type I diabetes 
Mean age=38.5 
Mean duration of diabetes=16.4yrs 
Mean duration of insulin use=16.3yrs 
Pen injection device N=54 (68%) 
Syringe N=39 (49%) 

Results  Prevalence of IAS  
Once or twice daily injections were performed in 22 people (66%) with a high IAS compared with 37 people (45%) with a low IAS (p less 
than0.05). Of those subjects who had previously avoided insulin injections, only one patient had a low IAS compared with 15 people (45%) who 
had a high IAS (p less than0.001). Less than a third (N=25) of those with a low IAS expressed concern at having to inject more frequently, 
compared with nearly ¾ (N=23) of people with a high IAS (p less than0.001). 
There was a significant negative correlation between IAS and the number of daily insulin injections (Kendall’ s tau-a –0.17, 95% CI –0.27-0.07, p 
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less than0.001).  
Association between IAS and GAS  
A significant correlation was found between IAS and GAS (Kendall’ s tau-a 0.30, 95% CI 0.19-0.41, p less than0.001). 
Influence of IAS and GAS on glycemic control  
Total group (Type I & II) had a mean HbA1 of 9.0 (1.8%). No significant difference in HbA1 was found between Type I and Type II diabetes.  
The degree of glycaemic control as assessed by the HbA1 in subjects with high versus low general anxiety scores (GAS greater than8 and GAS less 
than8) was not significantly different (mean HbA1 (S.D.), 9.3 (2.0) vs 8.9 (1.7)%). Nor was there a significant correlation between HbA1 and 
GAS/IAS. 

Hierarchy of Evidence Grading III 
Comments Injection Anxiety Score (IAS) was derived from the DSM-IV diagnostic criteria for 300.29 specific phobia. 

General Anxiety Score (GAS) was derived directly from the Hospital Anxiety and Depression Scale-(anxiety subscale) . 
Glycaemic control is determined by measuring HbA1 by HPLC (Biorad DIAMAT, Hercules, USA) which was measured on the day of the survey. 
-No power analysis 
-Results are based on both Type I & Type II diabetes. Although Type I and Type II diabetes were looked at separately initially, no significant 
difference was found between type I and II diabetes in significantly predicting injection anxiety scores (Somers’  D 0.01 (95% CI –0.22-0.23) or 
general anxiety score (Somers’  D –0.12 (95% CI –0.35-0.11). 
-The anxiety subscale of the Hospital Anxiety and Depression Scale may not differentiate adequately between anxiety, depression and other 
psychiatric disorder. 

Reference / Citation 319 
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Q 16 How are adults with type I diabetes affected by anxiety and depression? 
 

Author / Title / Reference / Yr  Lawrenson, R., Williams, J. (2001). Antidepressant use in people with diabetes. Diabetes and Primary Care, 3, 3, 70-74. 
N= Overall N=15,000 

Total diabetes participants: N=5165   
Location=Surrey GP practices 
Sites=28 GP practices 

Research Design Retrospective cross-sectional case-control epidemiological study based on the Surrey Care Research Group computerised data bank. 
The data were extracted from the Surrey Primary Care Research Group computerised data bank using MIQUEST, a query language that extracts 
coded data from different general practice computer systems. GP’ s use their computer systems for generating prescriptions. The paper reports that 
the diagnostic data are usually of good quality- if the patient has a diagnosis of diabetes on their record, especially if it is linked to a prescription of 
insulin or an oral hypoglycaemic, then the likelihood that the patient truly has diabetes is high. The paper states that the most objective record of 
moderate to severe depression is a prescription for an antidepressant. 

Aim To determine the prevalence of antidepressant use in people with diabetes compared to that of age- and sex-matched controls. 
To determine whether people with diabetes were more or less likely to be treated with an SSRI than people without diabetes.  

Population People were categorised as having Type I or Type II diabetes using an algorithm based on the persons age at diagnosis and whether they were 
treated with insulin. 
Controls are defined as people without a diagnoses of diabetes or a prescription for insulin/or an oral hypoglycaemic agent. 
Type I diabetes participants: N=540 (10.5%) 
Type II diabetes participants: N=4625 (89.5%) 

Intervention Diagnosis of diabetes N=5165 
Comparison Controls- non-diabetics N=10320 
Outcome -Prevalence of antidepressant use in diabetes. 

-The type of antidepressant (tricyclic or SSRI) prescribed. 
Characteristics Age range 20-89yrs 

No age means given for the diabetes population as a whole or for Type I/II diabetes specifically. 
No further demographics available. 

Results  Prevalence of antidepressant use in diabetes. 
A significantly higher proportion of people with diabetes had received a prescription for an antidepressant in the previous twelve months, as 
compared with controls (Type I diabetes: odds ratio=1.59, 95% CI 1.43-1.76). 12.8% Type I diabetes people were receiving antidepressant therapy 
vs 7.4% of their controls. 
No statistical difference in the prevalence of antidepressant use between people with Type I and Type II diabetes was found. 
The type of antidepressant (tricyclic or SSRI) prescribed. 
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Having diabetes did not influence which antidepressant type was prescribed. However, older people were more likely to be prescribed a tricyclic. 
No p-values given. 

Hierarchy of Evidence Grading III 
Comments Antidepresssants were characterised as tricyclic antidepressant, SSRI or ‘other’ . 

No age means given for the diabetes population as a whole or for Type I/II diabetes specifically. 
No demographics available. 
No power analyses 
No p-values 
The study is based on retrospective data from 28 GP practices in Surrey. The study results are specific to one geographical area and caution needs 
to be taken when generalising these results. 

Reference /  Citation 322 
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Q 17 How  best is such anxiety and depression diagnosed and managed in adults with Type I diabetes? 
 

Author / Title / Reference / Yr  Spiess, K., Sachs, G., Pietschmann, P., Prager, R. (1995). A program to reduce onset distress in unselected Type I diabetic patients: Effects on 
psychological variables and metabolic control. European Journal of Endocrinology, 132, 580-586. 

N= N=23 participants 
Location=Out patient treatment 
Sites=1  

Research Design RCT random two-group parallel comparison  
Aim To assess whether our program improves psychological variables; and whether better onset adaptation may be associated with improved metabolic 

control. 
Population Type I diabetes as defined by the National Diabetes Data Group. 
Intervention Standard intensive treatment and patient education with a distress reduction programme  

The distress reduction programme consisted of 25 once weekly sessions. 
Sessions 1-5 supported the expression of acute onset grief and anxiety about the loss of health to stimulate the coping process. Sessions 6-10 dealt 
with social future anxieties. Sessions 11-25 was devoted to non-cognitive unconscious personality patterns. 
N=10 

Comparison Standard intensive treatment and patient education 
Injections of insulin 3 or more times daily, including mixed intermediate and rapid-acting insulin’ s and education about diet and exercise. People 
visited the out patient department at least every 3 months. 
N=13 

Outcome Diabetes control with a pretest and 9- and 15- months follow-up. 
Level of depression 
Level of anxiety 

Characteristics Mean Age: Therapy group=24.60yrs/Control group=24.46yrs 
Gender M/F: Therapy group=6/4/Control group=8/5. 

Results  BASELINE 
HbA1 
At baseline all participants were in poor diabetic control (HbA1: Therapy group=10.1/Control group=10.5). Good metabolic control was achieved 
within 6 weeks: (HbA1: Therapy group=6.8/Control group=7.1). 
Depression 
None of the participants meet the criteria for the presence of major depressive disorder according to DSM-III-R. Beck depression scales showed a 
depressive range (Beck: Therapy group=28.2/Control group=26.7). 
Anxiety 
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Spielberger scales showed values similar to healthy controls (Anxiety-state: Therapy group=39.4/Control group=34.3) (Anxiety-trait: Therapy 
group=32.0/Control group=29.9. 
9-MONTH FOLLOW-UP  
HbA1 
HbA1 levels were higher in the therapy group (HbA1=7.4) than in the control group (HbA1=6.9) but the differences were not statistically 
significant. 
Depression 
The Beck depression score (p less than0.01) improved 3 months after the end of the distress reduction programme in the therapy group but not in 
the control group. 
15-MONTH FOLLOW-UP 
HbA1 
HbA1 declined nine months after the end of the programme (HbA1 Therapy group=6.9/Control group=6.6).  
Depression 
The improvement on the Beck depression score faded nine months after the end of the program. 

Hierarchy of Evidence Grading 1b 
Comments Diabetes control- HbA1 (HPLC method, Biorad Inc.) The non-diabetic range for HbA1 levels was 4.5-6.0%. 

Depression- BDI and DSM-III-R interview 
Anxiety- 40-item Spielberger state and trait inventory (STAI). 
 
No power analyses 
Small samples 
P-values/confidence intervals not available 
The intervention occurred in newly diagnosed diabetics in whom residual insulin secretion is likely to be substantial and in whom HbA1 levels are 
very often close to the non-diabetic range. 
 
*Other psychological measures have been evaluated in this study but have not been reported in this checklist as they are not relevant to the question 
under consideration. 

Reference / Citation 326 
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Q 17 How  best is such anxiety and depression diagnosed and managed in adults with Type I diabetes? 
 

Author / Title / Reference / Yr  Lustman, P. J., Eisen, S. A., Griffith, L. S., Rubin, E. H., Clouse, r. E., Carney, R. M., Freedland, K. E., McGill, J. B. (1995). Effects of Alprazolam 
on glucose regulation in diabetes: Results of a double-blind, placebo controlled trial. Diabetes Care, 18, 8, 1133-1139. 

N= N=58 
GAD group N=19 (28.8%)  
Psychiatrically well group N=47 (71.2%) 
Location not described 
One Site  

Research Design RCT double-blind, placebo-controlled study 
Aim To determine the effects of alprazolam on glucose regulation in anxious and unanxious people with poor glycemic control. 
Population IDDM & NIDDM & having relatively poor control of diabetes (GHb greater than 11.5%). 

Participants were recruited various print and media advertisements within the Washington University Medical Center community and in the St. 
Louis metropolitan area. 

Intervention Alprazolam N=21 dosing began at 0.25 mg/day (in tablet form) with incremental adjustments to the target dose (2.0 mg/day) in divided doses over 
a period of 56 days. 
GAD N=7 
Well N=14 

Comparison Placebo N=37 
GAD N=9 
Well N=28 

Outcome Effect of alprazolam on glucose regulation 
Effect of alprazolam on anxiety 

Characteristics Type of diabetes 
IDDM Alprazolam group: GAD N=3 (43%), Well N=4 (29%). 
IDDM Placebo group: GAD N=2 (22%), Well N=8 (29%) 
NIDDM Alprazolam group: GAD N=4 (57%), Well N=10 (71%) 
NIDDM Placebo group: GAD N=7 (78%), Well N=20 (71%). 
Mean age 
Alprazolam group= GAD N=39.1yrs, Well N=58.0yrs 
Placebo group= GAD N=48.1yrs, Well N=50.9yrs 
Gender- Female 
Alprazolam group= GAD N=5 (71%), Well N=2 (14%) 
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Placebo group= GAD N=5 (56%), Well N=12 (43%) 
Results  Effect of alprazolam on glucose regulation 

People treated with alprazolam evidenced a significantly greater reduction in GHb level than those receiving placebo (-1.1 vs –0.3%, p=0.04). The 
largest improvement in GHb level was seen in GAD participants treated with alprazolam, although differences between psychiatric groups did not 
reach statistical significance. 
Effect of alprazolam on anxiety 
A significant reduction in anxiety was observed during the study period (-0.5 +/- 0.6, t=-3.5, p=0.003). Within the GAD subgroups, those treated 
with placebo evidenced a significant reduction in anxiety (-0.34+/- 0.3, t=-3.65, p=0.007), and a trend toward significance was observed in those 
who received alprazolam (-0.7 +/- 0.8, t=-2.3, p=0.058). There was no significant difference between alprazolam and placebo treated participants in 
terms of the anxioltic effects. 
Noninferential Spearman rank-order correlations showed no association in the overall sample or in the psychiatrically well group between change 
LQ�DQ[LHW\�DQG�FKDQJH�LQ�*+E�OHYHO��7KHVH�RXWFRPHV�ZHUH�SRVLWLYHO\�FRUUHODWHG�LQ�WKH�*$'�JURXS�WUHDWHG�ZLWK�DOSUD]RODP��U  ������ 
Effect of treatment on measures of compliance 
No significant differences between alprazolam and placebo treated people were found (87.6 +/- 22.1 vs 81.9 +/-27.9%, t=0.80, p=0.43). 
The ANOVA of compliance with blood glucose monitoring revealed no statistically significant effect of treatment (F=0.17, p=0.68), initial 
psychiatric status (F=0.85, p=0.36), or the interaction of treatment and psychiatric grouping (F=0.07, p=0.79). 
The results of the ANOVA of compliance with medication monitoring showed no significant effect of treatment (F=0.84, p=0.36), initial 
psychiatric status (F=0.02, p=0.90), or the interaction between treatment and psychiatric status (F=0.31, p=0.58). 

Hierarchy of Evidence Grading Ib 
Comments Symptoms of anxiety were measured using the revised Hopkins Symptom Checklist (SCL-90-R). 

Axis I psychiatric disorder was determined using the National Institute of Mental Health Diagnosis Interview Schedule- Version Three in 
accordance with the criteria from the DSM-III-R. 
GHb measurement provides an estimate of average regulation during the 2-month period preceding entry into the study. 
Total GHb was measured using the Pierce Glyco-Test an affinity assay that eliminates interference from hemoglobin variants. 
Compliance was defined using an electronic monitoring device developed and patented by S.A.E. 
Compliance with self-monitoring of blood glucose was determined using memory glucometers. 
Results do not differentiate between Type I and Type II diabetes. 
Small numbers- especially in the subgroups 
No power analyses 

Reference /  Citation 327 
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Q 16 How are adults with type I diabetes affected by anxiety and depression? 
 

Author / Title / Reference / Yr  Anderson, R.J., Clouse, R. E., Freeland, K. E., & Lustman, P. J. (2001). The prevalence of comorbid depression in adults with diabetes. Diabetes 
Care, 24, 6, 1069-1078. 

N= Total studies included N=42 studies (Type I & II diabetes) 
Total N=21,351 participants.  
Type I diabetes studies only N=9 (Total N=695 participants) 
Location and countries of origin not specified. 

Research Design Meta-analysis 
Aim To estimate the odds and prevalence of clinically relevant depression in adults with type 1 or type 2 diabetes. 
Population Adults diagnosed with Type I  diabetes 
Intervention N/A 
Comparison N/A 
Outcome The odds of depression in Type I diabetes 

The prevalence of depression in Type I diabetes 
Characteristics Age ranges from 20.9 (+/- 1.9) to 43.5 (+/- 15.7)/ Gender ranges from 36.2% female to 68.3% female 
Results  The odds of depression in Type I diabetes 

Odds of depression associated with diabetes Type I is significantly increased (OR=2.9, 95% CI 1.6-5.5, c²=12.8, p less than0.0003) over non-
diabetic control subjects. 
The increased odds of depression associated with diabetes were similar in Type I vs Type II diabetes (2.9 vs 2.9, Breslow-Day c²=0.004, p=0.95) 
and the significant effect of diabetes on depression remained after controlling for type of diabetes (Cochran-Mantel-Haenszel c²=95.5, p less 
than0.0001). 
The prevalence of depression in Type I diabetes 
Prevalence of depression in Type I diabetes is 21.7 % compared to 8.6% of non-diabetic subjects. 
Prevalence of depression in Type I diabetes was greater in diabetic subjects compared with non-diabetic control subjects (p less than0.001). 
Prevalence of depression was lower in Type I  vs. Type II diabetes (c²=11.5, p=0.007). 
However, rates for Type I vs. Type II diabetes were statistically similar in the studies that determined depression by diagnostic interview (13.6 vs. 
10.9%) or with self-report scales (29.1 vs. 32.9%) (p greater than0.1 for both comparisons). 

Hierarchy of Evidence Grading III 
Comments Depression defined as severe enough to warrant clinical intervention: 

Major depressive disorder as diagnosed by the DSM-III-R and DSM-Iv and minor and subsyndromal depression. 
Prevalence estimates were determined by aggregating data reported in the controlled and uncontrolled studies to capatalise on the combined subject 



National Collaborating Centre 
for Chronic Conditions 

 

Page 86 of 100 

pool. 
The paper states that prevalence estimates should be viewed cautiously because they do not adjust for other factors (e.g. sex, method of depression 
assessment, study design). 
All studies include samples that are NOT randomly selected from clinics and hospitals. 
Small sample sizes in some studies. 
Mixture of interview and self-report assessment methods for depression. 
Threshold score used to identify a depression case varied across studies.    
Unpublished studies not included. 

Papers included Kokkonen (1995) N=186; Songar et al. (1993) N=90; Popkin et al. (1988) N=109; Berlin et al. (1997) N=102; Cohen et al. (1997) N=49; Mayou et 
al. (1991) N=109; Wincour et al. (1990) N=130; Stone et al. (1984) N=57; Surridge et al. (1984) N=50 

Reference / Citation 321 
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Q 16 How are adults with type I diabetes affected by anxiety and depression? 
 

Author / Title / Reference / Yr  Van Tilburg, M. A. L., McCaskill, C. C., Lane, J. D., Edwards, C. L., Bethel, a., Feinglos, M. N., Surwit, R. S. (2001). Depressed mood is a factor 
in Glycemic control in Type I diabetes. Psychosomatic Medicine, 63, 551-555. 

N= N=30 Type I diabetes participants/ N=34 Type II diabetes.  
Location=(North Carolina) Sites=(1 site).  

Research Design Cohort study 
Aim To explore how depressive mood affects glycemic control.  
Population Type I diabetes 
Intervention Depression  
Comparison N/A 
Outcome Depressive symptoms as measured by the Beck Depression Inventory (cut-off 16) 

Glycemic control (as assessed by HbA1c was measured by use of ion-exchange high-performance liquid chromatography) 
Characteristics Mean age Type I diabetes: 40.7 (+/-14.7) / Gender F=21, M=9/ Race Black=2/White=28/Mean duration of illness=19.3 (+/-12.5)/Mean BMI 24.6 

(+/-04.8)  
Results  Strong positive correlation found in Type I diabetes people between BDI scores and HbA1c levels (r=0.44, p less than0.02). 

Age, duration of illness, BMI, and gender were not associated with either BDI or HbA1c levels in people with Type I diabetes (as determined by 
Pearsons correlations and t tests for gender). 
No association between these variables was found for Type II diabetes (r=-0.06, p greater than0.05). 

Hierarchy of Evidence Grading IIb 
Comments The association was tested between a well-standardised measure of depressive symptoms and an established index of glycemic control in separate 

samples of Type I and Type II diabetes who were not taking psychoactive drugs. 
Any people on psychoactive drugs were excluded- which left a sample in which BDI scores were mainly within the normal range. Thus the study 
states that their results indicate that mood, and not clinical depression per se, is associated with meaningful differences in glycemic control in Type 
I diabetes. 

Reference / Citation 315 
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Q 16 How are adults with type I diabetes affected by anxiety and depression? 
 

Author / Title / Reference / Yr   Lustman, P. J., de Groot, M., Anderson, R. J., Carney, R. M., Freedland, K. E., Clouse, R. E. (2000). Depression and poor glycemic control: A 
meta-analytic review of the literature. Diabetes Care, 23, 7, 934-942.   

N= N=10 cross-sectional studies  
Participants Type I diabetes only N=987 (N per study ranges from 48-178) 
Location: no information available 
Number of sites not available. 

Research Design Meta-analysis of cross-sectional studies 
Aim To determine whether depression is associated with glycemic control. 
Population Type I diabetes 
Intervention Level of depression 

Level of glycemic control 
Comparison N/A 
Outcome Association between depression (see above mentioned tools) and glycemic control (GHb level). 
Characteristics (greater than18 years of age); no mean age is available. 

See ‘papers included’  below for gender ratios specified for each included study independently. 
Results  The correlation between depression and glycemic control: the weighted r=0.19 (k=9); 95% CI 0.12-0.25 ; the weighted p=0.0002 and weighted 

z=3.7; unweighted r=0.21 (k=9); 95% CI 0.15-0.28; Fail-safe N=24; BESD (Binominal Effect Size Displayed)=0.41-0.59. Homogenous 
aggregation of the data. 
The effect size for Type I diabetes was 0.19,  95% CI=0.12-0.25. 

Hierarchy of Evidence Grading III* 
Comments Depression is measured using the following assessment tools: MADRS (Montgomery-Asberg Depression Rating Scale), SCL-90R-D (Symptom 

Checklist Revised-Depression scale), BDI (Beck Depression Inventory), CES-D (Center for Epidemiologic Studies-Depression Scale), POMS 
(Profile of Mood States), PSE (Present State Examination) and Bedford college criteria, Zung (Self-rating depression scale), HDRS (Hamiltom 
Psychiatric rating scale for depression). 
Glycemic control is measured using GHb (a temporally weighted measure of mean blood glucose over the 120-day period). 
Mean age not available. 
No confidence interval given for the effect size of Type I diabetes. 
No description of a systematic quality appraisal of the studies. 
Paper discusses variations in ES size depending on the method of depression assessment. Meta-analysis of Type I diabetes combines diagnostic 
approaches as well as self-report measures. 
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Sparse information of results in Type I diabetes alone. 
Trials included Berlin et al. (1997) N=102 Gender M/F 56/46; Karlson et al. (1997) N=155 Gender M/F 87/68; Songar et al. (1993) N=60 Gender M/F 19/41; 

Eaton et al. (1992) N=127 Gender M/F 50/712; Wrigley et al. (1991) N=178 Gender M/F 86/92; Winocour et al. (1990) N=130 Gender M/F not 
available; Niemcryk et al. (1990) N=48 Gender M/F 30/18; Karlsson et al. (1988) N=53 Gender M/F 26/27; Mazze et al. (1984) N=84 Gender M/F 
25/59; Surridge et al. (1984) N=50 Gender M/F 27/23. 

Reference / Citation  
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Q 16 How are adults with type I diabetes affected by anxiety and depression? 
 

Author / Title / Reference / Yr  Anderson, R. J., De Groot, M., Grigsby, A. B., McGill, J. B., Freedland, K. E., Clouse, R. E. (2002). Anxiety and poor glycemic control: A meta-
analytic review of the literature. Int’ L. Psychiatry in Medicine, 32, 3, 235-247. 

N= Total studies N=12 
Type I diabetes studies only N=6  
Participants Type I diabetes studies only N=436 (N per study ranges from N=41 to N=121) 
Location: hospital or clinic samples- no further information available. 
Number of sites not available. 

Research Design Meta-analysis 
Aim To determine whether anxiety is associated with poor glycemic control in adults with Type I or Type II diabetes. 
Operational Definition Diagnosis of an anxiety disorder was established by using structured/semi-structured clinical interviews and the diagnostic criteria in use at the time 

of the study (SADS-LA-R) 
Anxiety was quantified using self-report instruments that measure the number and the severity of recent symptoms (Fear Questionnaire, STAI, 
SCL-90-A). 

Population Type I diabetes  
Intervention Anxiety score, glycemic control score 
Comparison N/A 
Outcome Association of anxiety with glycemic control 
Characteristics (greater than 18 years of age); mean age is not available 

See ‘papers included’  below for gender ratios specified for each included study. 
Results  In studies that were limited to Type I diabetes: 

The effect size was 0.19 (95% CI, 0.09 to 0.28)=small effect. 
The correlation between anxiety and depression: The weighted r=0.19, 95% CI=0.09-0.28/The weighted p=0.005 z=2.58/The unweighted r=0.21, 
95% CI=0.12-0.30/BESD (Binominal Effect Size Displayed)=0.41-0.59, Homogenous aggregation of the data. 

Hierarchy of Evidence Grading III 
Comments Depression is measured using the following assessment tools: MADRS (Montgomery-Asberg Depression Rating Scale), SCL-90R-D (Symptom 

Checklist Revised-Depression scale), BDI (Beck Depression Inventory), CES-D (Center for Epidemiologic Studies-Depression Scale), POMS 
(Profile of Mood States), PSE (Present State Examination) and Bedford college criteria, Zung (Self-rating depression scale), HDRS (Hamiltom 
Psychiatric rating scale for depression). 
Glycemic control is measured using GHb (a temporally weighted measure of mean blood glucose over the 120-day period). 
Mean age is not available. 
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No description of a systematic quality appraisal of the studies.   
Diagnostic and self-report assessment method outcomes combined. 
Paper discusses variations in estimate size depending on the method of anxiety assessment (ES 3x greater in studies which assessed anxiety using 
diagnostic approaches compared to studies that used self-report measures of symptom severity). 
Effect size estimates may be unstable due to the small number of studies and the small sample sizes of some studies.  
The subjects were drawn from clinic and hospital samples. Paper discusses possible resulting biases.      
 

Papers included Friedman et al. (1998) N=41 Gender M:F=22:19; Berlin et al. (1997) N=102 Gender M:F=56:46; Eaton et al. (1992) N=121 Gender M:F=50:71; 
Songar et al. (1993) N=60 Gender M:F=19:41; Jacobson et al. (1990) N=1990 Gender M:F=38:26; Niemcryk et al. (1990) N=1990 Gender 
M:F=30:18.  
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Q 17 How  best is such anxiety and depression diagnosed and managed in adults with Type I diabetes? 
 

Author / Title / Reference / Yr  Lustman, P. J., Griffith, L. S., Freedland, K. E., Clouse, R. E. (2000). Fluoxetine for depression in diabetes: A randomized double-blind placebo-
controlled trial. Diabetes Care, 23, 5, 618-623. 

N= N=60;  
N=54 completed treatment  
Reasons for non-completion given. 
No significant difference between non-completers and completers on any of the measured demographic and clinical characteristics. 
Site= 1; Location not described.  

Research Design RCT 
Aim To determine the antidepressant efficacy of fluoxetine in diabetic people with major depressive disorder. 
Population Type I & II diabetes meeting diagnostic criteria for major depression with a score of greater than14 on either the Beck Depression Inventory or the 

Hamilton Rating Scale for Depression. 
Inclusion/exclusion criteria specified. 

Intervention Fluoxetine N=27 
Fluoxetine dosing began at 20mg a day in the morning and could be increased to a maximum of 40mg daily in the morning depending on side 
effects and clinical response. Study outcomes were assessed at baseline and at the conclusion of the 8-week treatment period. 

Comparison Placebo N=27 
Outcome Antidepressant efficacy of fluoxetine 

Depression is measured using the Beck Depression Inventory or the Hamilton Rating Scale for Depression. 
Remitted: BDI score less than9; HAMD score less than7. 
The effects of treatment and depression improvement on glycemic control. 
GHb levels measured to assess glycemic control. 

Characteristics Mean age: fluoxetine/placebo= 45/47.7 yrs 
Female sex: fluoxetine/placebo= 22/16 
Type I diabetes: fluoxetine/placebo= 13/11 
Type II diabetes: fluoxetine/placebo= 14/16 
GHb level (%): fluoxetine/placebo= 8.4/8.6 
BDI score: fluoxetine/placebo= 23.6/22.4 
HAMB score: fluoxetine/placebo= 20.1/19.5 

Results  PER PROTOCOL 
Antidepressant efficacy of fluoxetine 
BDI and the HAMD were significantly lower in the fluoxetine group compared with the placebo group (BDI, 9.6 +/- 8.5 vs. 13.6 +/-10.7, p=0.03; 
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HAMD, 9.4 +/-9.1 vs 14.3 +/-10.6, p=0.01). Reduction in depression symptoms was significantly greater in people treated with fluoxetine 
compared with those receiving placebo, whether measured with the BDI (-14.0 vs –8.8, p=0.03) or the HAMD (-10.7 vs –5.2, p=0.01). 
The percentage of people with significant clinical improvement was significantly greater in the fluoxetine group than in the placebo group when 
improvement was measured with the BDI (66.7% vs. 37.0%, p=0.03). The fluoxetine and placebo groups were not statistically different when 
improvement was measured with the HAMD (59.3% vs 40.7%, p=0.17).  
A post treatment BDI score of less than9 was observed in 59.3% of the fluoxetine group compared with 40.7% of the placebo group. A post 
treatment HAMD less than7 was observed in 48.1% of the fluoxetine group compared with 25% of the placebo group. 
The effects of treatment and depression improvement on glycemic control. 
The improvement in mean GHb level was greater in the fluoxetine group than in the placebo group, but the difference was not statistically 
significant (-0.40 vs –0.07%, p=0.13). 
INTENTION-TO-TREAT-ANALYSIS 
The percentage of people with significant clinical improvement was higher in the fluoxetine group than the in the placebo group on the BDI (60% 
vs 33.3%, p=0.04) and the HAMD (53.3% vs 36.7%, p=0.19).  
No significant differences between the study groups in the % of people achieving remission of depression as indicated by BDI less than9 & HAMD 
less than7. 

Hierarchy of Evidence Grading Ib 
Comments Severity of current depression symptoms measured by the BDI & HAMD. Evidence for reliability of BDI & HAMD given. 

GHb levels measured to assess glycemic control. 
Results do not differentiate between Type I and Type II diabetes. 
Participants were not followed beyond the 8-week period of study treatment. 
No power analyses/confidence intervals 

Reference / Citation 325 
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Q 17 How best is such anxiety and depression diagnosed and managed in adults with Type I diabetes? 
 

Author / Title / Reference / Yr  Lustman, P.J., Griffith, L. S., Clouse, R. E., Freedland, K. E., Eisen, S. A., Rubin, E. H., Carney, R. M., McGill, J. B. (1997). Effects of 
Nortriptyline on depression and glycemic control in diabetes: Results of a double-blind, placebo-controlled trial. Psychosomatic Medicine, 59, 241-
250. 

N= Total N=68 
Location/Sites=not specified  

Research Design RCT 
Aim To determine the efficacy of nortriptyline for depression and poor glucose regulation in diabetes. 
Population IDDM & NIDDM in relatively poor control of diabetes (GHb greater than9%) 
Intervention Nortriptyline N=26 (Depressed group N=14/Well group N=12) 
Comparison Placebo N=42 (Depressed group N=14/Well group N=28) 
Outcome Effect of nortriptyline on depression 

Effect of nortriptyline on glucose regulation 
Effect of noritriptyline on measures of compliance 

Characteristics Mean age nortriptyline: 44.8yrs depressed group/54.4yrs well group. 
Mean age placebo: 45.3yrs depressed group/50.9yrs well group. 
Female sex nortriptyline: N=10 depressed group/N=6 well group. 
Female sex placebo group: N=12 well group. 
IDDM nortriptyline: N=7 depressed group/N=1 well group. 
IDDM placebo: N=7 depressed group/N=8 well group. 
NIDDM nortriptyline: N=7 depressed group/N=11 well group. 
NIDDM placebo: N=7 depressed group/N=20 well group. 

Results  Effect of nortriptyline on depression 
In the sample as a whole, the nortriptyline group were significantly less depressed after 8 weeks than placebo treated participants (F=5.8, p=0.02). 
This finding resulted primarily from improvement in depressed subjects (Change in BDI scores: noritriptyline, -10.2; placebo, -5.8; t=2.2; p=0.03. 
57% of nortriptyline treated people successfully remitted vs 35.7% of placebo treated subjects (c²=0.57, p=0.45). No statistically significant 
difference in response rate was found between IDDM and NIDDM (c²=0.34, p=0.56). 
Effect of nortriptyline on glucose regulation 
In the sample as a whole there was a trend towards worsened glucose regulation in people treated with nortriptyline compared with those treated 
with placebo (0.19% vs –0.35%; F=3.4, p=0.07). 
Effect of noritriptyline on measures of compliance 
No significant difference found between noritriptyline treated participants and placebo treated participants or when treatment groups were further 
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subdivided into psychiatric status. 
Path-analysis demonstrated a treatment independent effect of depression improvement on glycemic control. Improvement in depression scores had 
a favourable effect on glucose regulation but this effect was countered by a direct unfavourable effect of nortriptyline. 
The only statistically significant difference in the report of any measured side effect (weight gain, dry mouth, sedation, fatigue, dizziness, blurred 
vision) between participants treated with nortriptyline and those taking placebo was that dry mouth was more prevalent among nortriptyline treated 
people (F=2.4, p less than0.05). 

Hierarchy of Evidence Grading Ib 
Comments BDI assessed the severity of current depression symptoms. 

GHb levels measured to assess glycemic control. 
Compliance with medication was assessed using an electronic monitoring device. 
Compliance with self-monitoring of blood glucose was determined using memory glucometers. 
Results do not differentiate between Type I and Type II diabetes. 
Randomisation specified but methodology of randomisation not described. 
Pill containers described but actual concealment not specified. 
Small numbers in each sub arm of the study. 
No power analysis. 
No confidence intervals. 

Reference / Citation 324 
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Q 17 How best is such anxiety and depression diagnosed and managed in adults with Type I diabetes? 
 

Author / Title / Reference / Yr  Cox, D. J., Schlundt, D., Gonder-Frederick, L., Kovatchiev, B., Polonsky, W., Clarke, W. (2001). Blood glucose 
awareness training (BGAT-2). Diabetes Care, 24, 4, 637-642. 

N= N=73 (73%) completed 6 & 12 month follow-up assessments. 
3 sites=clinical settings 
Location: University of Virginia 
Vanderbilt university 
Joslin Diabetes Center 
USA 

Research Design Prospective 6- and 12-month follow-up study 
Aim Does BGAT-2 improve mood? 
Population Adult Type I diabetes 
Intervention BGAT-2 

BGAT-2 was delivered to groups of 5-15 subjects in 8 weekly sessions that focused on teaching people how to identify 
their best internal cues of extreme levels of BG and how to anticipate extreme levels of BG based on information 
concerning insulin, food and exercise. 

Comparison Baseline scores (6- and 1-month pre-BGAT-2) 
Outcome Mood-BDI score 
Characteristics No history of severe depression (psychiatric hospitalisation or BDI greater than24) 

Males/females= 25/48 
Mean age=38.3yrs 
Duration of disease=19.5 
Insulin U/day=38.9 
HbA=10.2 

Results  Neither depression nor dyadic conflict was improved, partly because baseline scores were within normal limits. When 
the 21 subjects who had greater than9 (indicating at least mild depression) were examined these individuals did 
demonstrate a significant reduction in symptoms from a mean baseline score of 14.5 to 6- and 12-month mean scores of 
11.4 and 11.2 respectively. 

Hierarchy of Evidence Grading IIb 
Comments Beck Depression Inventory was used to determine whether BGAT-2 improved mood. 
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This study examined various other outcome variables not included in this review as they are not relevant to the research 
question under consideration. These outcome variables include: metabolic, behavioural and psychological variables. 
Which may have had a confounding effect on mood outcome.  
The measurement of improvement in mood at follow-up does not take into account confounding factors. 
No power analyses 
No confidence intervals 
No correction for multiple testing 

Reference / Citation 323 
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13.6 Eating disorders 
 
 

 
Q19 What is the appropriate management of eating disorders in adults with Type 1 diabetes? 

 

Author / Title / Reference / Yr  Alloway, S. C., Toth, E. L., & McCargar, L. J. 2001, "Effectiveness of a group psychoeducation program for the treatment of 
subclinical disordered eating in women with type 1 diabetes", Canadian Journal of Dietetic Practice & Research., vol. 62, no. 
4, pp. 188-192. 

N= n=14 psychoeducation programme =8, waiting list control =6 
Canada 

Research Design Randomised controlled trial 
Aim A study that assessed whether a six session group psychoeduaction programme would improve metabolic control, diabetes 

treatment adherence, eating disorders symptomology, and general psychopathology in women with coexisting type 1 diabetes 
and sub clinical disordered eating 

Operational Definition Criteria for inclusion as eating disordered included a Total Eating Disorder Inventory (EDI) score >40, an elevated score in 
one of the subscales for Drive for Thinness, Bulimia, or Body Dissatisfaction, and a score of >17 on the Eating Attitudes Test 
(EAT) 

Population Type 1 diabetic women 
Intervention An intervention of a psychoeducation programme run by a registered dietician based on that of Weiss et al. The programme 

was run weekly over 6 sessions, with topics of education covering basic information about eating disorders, ‘normal’  eating, 
healthy body weights, assertiveness training, stress management, improving self esteem, perfectionism, media and social 
expectations of thinness, and enhancing body image. Each session was a 15-minute slide presentation followed by discussion. 
A manual for the programme was also developed.  

Comparison Control group patients received normal care on a waiting list for the intervention 
Outcome Outcomes of metabolic control, treatment adherence and eating disorder symptomology were measured at the end of the 6 

week programme, in addition general psychopathology was assessed using the Rosenberg’ s self-esteem scale, the Beck 
depression inventory, and the Brief symptom scale. Metabolic control was assessed using fructosamine and haemoglobin 
HbA1c measurements, diabetes treatment adherence was assessed using the self-care inventory. Eating disorder 
symptomology was assessed using the EAT and the sum of the three EDI subscales, in addition two questions were posed on 
omitted insulin doses 

Characteristics Age =32 yrs, Male =0%, BMI =29kg/m2 , Frequency of daily blood glucose monitoring =4, Years of diabetes =15 yrs  
Results  Results for metabolic control show no significant differences between the groups with both groups fructosamine values 
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increasing significantly from baseline (p-0.008) 
There were no significant differences between the study groups on diabetes treatment adherence or eating disorder 
symptomology.  
Outcomes for general psychopathology, showed no effect of the programme between the groups 

Hierarchy of Evidence Grading Ia 
Comments Small sample size 

There were no significant differences between intervention and control groups at baseline in terms of demographic 
characteristics, however there was a significantly higher level of emotional distress (p=0.029) 
Patients in the control group may have been trying to improve on diabetes adherence and eating disorders outcomes as were 
on waiting list for therapy 
Difficult to ascertain which element of the programme provided which outcomes 
Studies in non-diabetics have shown group pcychoeducation to be more effective than controls 
People with diabetes might have a particularly intractable form of disordered eating 
More individualised and intensive treatment may be necessary for people with Type 1 diabetes and sub-clinical eating 
disorders 
Women in the study were considerably older than those in other psychoeducation trials 
Psychoeducation can easily be incorporated into nutritional counselling for disordered eating. 

Reference / Citation 332 
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Q19 What is the appropriate management of eating disorders in adults with Type 1 diabetes? 
 

Author / Title / Reference / Yr  Affenito, S. G. & Kerstetter, J. 1999, "Position of the American Dietetic Association and Dietitians of Canada: women’s health 
and nutrition. [Review] [227 refs]", Journal of the American Dietetic Association., vol. 99, no. 6, pp. 738-751. 

N= N/A 
Research Design Guidelines 
Aim To determine guidance on women’ s health 
Operational Definition N/A 
Population General women’ s health population with review grouped to specific conditions 
Intervention N/A 
Comparison N/A 
Outcome N/A 
Characteristics N/A 
Results  Diabetes and its management may trigger disordered eating behaviours in young women. Although prevalence estimates may 

vary the most rigorous studies yield a 5% to 11% rate of eating disorders in young adult women with Type 1 diabetes mellitus 
As a vital member of the diabetes management team, dietetics professionals have an understanding of the health issues that 
affect women with diabetes to assist in the achievement of glycaemic control throughout the lifespan 

Hierarchy of Evidence Grading IV 
Comments Women’ s health now refers to the prevention, diagnosis, and management of conditions that may 

- Be unique to women 
- Be more prevalent in women (e.g. diabetes mellitus, and eating disorders) 
- Manifest differently in Women 
The guidelines focuses on the 5 leading nutrition related causes of morbidity and mortality in North American women, 
cardiovascular disease, cancer, osteoporosis, weight control, and diabetes 
Guideline does not state method of development, or evidence basis but is referenced with over 200 studies 
No detail are given with regard to type of diabetes studies 

Reference / Citation 333 
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