


Summary 

Background.  Guidelines recommend that cardiovascular disease risk 
scoring methods are used to identify patients who are asymptomatic, but at 
high risk of future cardiovascular disease. 
Methods.  Using standard Cochrane methods we performed a series of 
systematic reviews to assess the accuracy and effectiveness of risk-scoring 
methods in different populations.   
Results.  A comprehensive search strategy identified 3,439 articles of which 
996 related to the use of risk scoring methods.  One hundred and ten risk 
scoring methods were identified of which 70 were specifically aimed at guiding 
primary prevention of cardiovascular disease.  Most of the risk scores 
included a core set of variables reflecting the contemporary established 
independent risk factors, although several widely recommended methods do 
not include family history of cardiovascular diseases.  Some methods 
incorporated an adjustment for use in geographic regions with differing levels 
of cardiovascular disease risk. 
Studies reporting the generalisability of Framingham-derived scores in 112 different 
population groups revealed a tendency to over-estimate the risk of coronary heart 
disease in groups with low observed risk and to under-estimate risk in high-risk 
groups.  There were no consistent sex differences in the calibration of risk score, but 
discrimination was better in women than in men. 

Only four randomised controlled trials examined the effectiveness of risk scoring 
methods in improving health outcomes in hypertensives (3 studies) and diabetics (1 
study).  Effectiveness in moderate risk individuals was not examined.  None showed 
any improvement in absolute risk or their primary outcomes compared to controls.   

Conclusions.  The generalisability of risk scores in different populations cannot be 
assumed and there is currently little evidence that they are effective in improving 
health outcomes.  Future research needs to be directed at refining the accuracy of 
prediction models and, most importantly, examining ways of turning them into 
effective clinical tools. 
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EXECUTIVE SUMMARY  
Background 

Guidelines recommend that cardiovascular disease risk assessment in the 

form of risk scoring is used to identify patients who are asymptomatic, but at 

high risk of suffering from cardiovascular disease in the future.  Risk scoring 

methods enable clinicians to combine patient risk factor information and 

predict the risk of a cardiovascular event within a specified time period.  This 

theoretically allows the targeting of health service resources to those most 

likely to benefit from preventive treatment and to avoid possible adverse 

effects, and cost, of unnecessary treatment in those at low risk. 

Numerous complex prediction models and simplified risk scoring methods are 

available for clinicians to use in primary care.  The accuracy of risk-scoring 

methods in different populations is thought to vary and no review of their 

effectiveness in improving health-related outcomes has been reported. 

Objectives 

Systematic review to ascertain: 
1. What risk scoring methods designed to identify asymptomatic people at high 

risk of cardiovascular disease are available for use in primary care? 

2. How does the accuracy of charts, tables and simplified methods derived from 

prediction models compare with the original complete models? 

3. How accurate are cardiovascular risk scoring methods in different 

populations? 

4. How effective are cardiovascular risk scoring methods in improving health-

related outcomes? 

Methods 

A series of related systematic reviews was conducted using standard 

Cochrane Collaboration methods: 
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1. Systematic review of risk scoring methods designed for use in primary care 

with the purpose of assessing an individual’s future risk of cardiovascular 

disease to aid the targeting of lifestyle or pharmacological intervention. 

2. Systematic review of the accuracy of simplified risk scoring methods such as 

charts and tables, compared with full prediction models (convergent 

validation – the comparison of a risk score or model in a single sample, with 

other similar models or with a “gold standard”). 

3. Systematic review of the accuracy of risk scoring methods in different 

populations (external validation).  External validity is how well a risk score 

or model predicts events observed in a different population and its two main 

properties are calibration and discrimination.  If the predicted risk equals the 

observed, the model is well calibrated, and if it successfully categorises 

individuals into those who will or will not get the disease, it is said to 

discriminate well. 

4. Systematic review of the effectiveness of using a cardiovascular risk scoring 

method by a medical practitioner or primary healthcare professional in 

targeting primary prevention on the basis of calculated risk. 

Results 

A comprehensive search strategy identified 3,439 articles of which 996 related 

to the use of risk scoring methods in the primary prevention of cardiovascular 

disease. 

1. Risk scoring methods 

• One hundred and ten cardiovascular risk scoring methods were 

identified of which 70 were clearly intended for application in primary 

prevention.   

• A core set of variables was included in a large proportion of methods 

reflecting the contemporary established independent risk factors (i.e. 

age, sex, blood pressure, total blood cholesterol and cholesterol 

fractions). 
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• Several widely recommended methods do not include family history of 

cardiovascular diseases. 

• Some methods incorporated an adjustment for use in geographic regions with 

different observed cardiovascular disease risk. 

2. Convergent validation 

• In 16 studies reporting 40 comparisons, simplified methods derived from the 

Framingham-Anderson prediction model were compared with the full risk 

equation. 

• Risk scoring charts and tables that substitute HDL-cholesterol measurement 

for average values do not accurately reflect risk as estimated using the full 

prediction model. 

• Over-simplification of methods influenced sensitivity and specificity 

unfavourably. 

3. External validation 

• External validation of Framingham-based methods was reported for 112 

different population groups. 

• Framingham risk scoring methods tended to over-estimate coronary heart 

disease risk in groups with low observed risk.  This was evident in a wide 

range of populations studied using longitudinal comparisons of predicted and 

observed risk, and in cross-sectional studies comparing estimated risk with 

appropriate population statistics. 

• Framingham risk scoring methods tend to under-predict risk in high-risk 

groups (diabetics, patients with a strong family history of premature 

cardiovascular disease, people from areas with a high incidence of disease and 

in socio-economically deprived groups). 

• There was a tendency for better discrimination, as measured by the area under 

the receiver operating characteristic curve, to be associated with poorer 

calibration as represented by the predicted: observed ratio. 

• There were no consistent sex differences in the calibration of the Framingham 

risk scores, however discrimination was better in women than in men. 
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• There was a tendency for increased over-estimation in later compared with 

earlier populations. 

• Limited data suggest that other non-Framingham based risk scores such as 

PROCAM and the Dundee score show similar inaccuracies when applied in 

different populations. 

4. Effectiveness 

• Four randomised controlled trials were identified that examined the 

effectiveness of risk scoring methods in improving health outcomes.  One trial 

studied two interventions.  Interventions were based on the Framingham-

Anderson and Westlund risk scoring methods. 

• Groups included were diabetic or hypertensive patients.  There were no trials 

involving intermediate risk or disease-free individuals for which the risk 

scoring methods were intended. 

• Interventions studied in trials were: incorporation of risk score in medical 

notes, informing the physician of risk score, use of risk chart by physician, and 

use of clinical decision support system incorporating risk score with or without 

a chart. 

• Outcomes were: cardiovascular risk, blood pressure, serum cholesterol or use 

of lipid-lowering or antihypertensive treatment.  Studies were not large enough 

to assess benefit in relation to cardiovascular disease events. 

• Interventions showed no improvement in predicted absolute cardiovascular 

risk or in declared primary outcomes. 

• One study in hypertensive patients showed a small reduction in systolic blood 

pressure associated with use of a risk chart but not when used in conjunction 

with a computer based clinical decision support system.  In a further study in 

diabetics, incorporation of a risk score in the medical notes was associated 

with increased prescription of lipid-lowering or antihypertensive treatment in 

high-risk patients. 

• Other interventions including those associated with use of clinical decision 

support systems provided no evidence of benefit. 
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• One study noted very low uptake of risk-scoring methods by clinicians. 

Conclusions 

Implications for health care 

• Cardiovascular risk scoring methods are widely recommended but 

there is little evidence that they are effective in improving health 

outcomes. 

• In broadly representative populations, established Framingham-based 

methods offer reasonable discrimination between high and low risk 

individuals but tend to over-predict the absolute risk of cardiovascular 

disease. 

• Framingham-based methods under-estimate risk in diabetics and 

patients with a strong family history of premature cardiovascular 

disease. 

• Recent charts and tables are identified that compare well with the 

Framingham equation and may have value in explaining the 

consequences of increased risk and treatment options to the patient.  

Charts and tables are more accurate when they include all the risk 

factors present in the full prediction model. 

• Methods are available that permit adjustment for regional 

cardiovascular risk.  However studies are required to assess external 

validity in their defined target populations. 

• The evidence supporting the general screening of asymptomatic 

individuals using current risk scoring methods, to identify high-risk 

individuals for preventive treatment is currently weak. 

Recommendations for research and development 

• Risk assessment methods should be subject to quantitative 

assessment of effectiveness in relation to health outcomes and cost. 

• Qualitative evaluations of methodological characteristics that make a 

risk scoring method a practical clinical tool that benefits the doctor and 

the patient are required. 
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• Validation studies of risk scoring methods that permit adjustment for 

between-population differences in cardiovascular risk are required to 

assess their validity in their defined target populations. 

• New prediction models should have multiple external validations in 

diverse populations with differing age ranges, ethnicity, sex and 

cardiovascular risk. 

• New prediction models should be developed and tested in populations 

other than established cohort studies.  Use of the improving quality and 

quantity of routinely collected general practice data may facilitate the 

development of new risk scoring methods. 

• The advantages of inclusion of all major established risk factors and 

the balance between increased accuracy, against the additional 

workload and expense of including more complex risk factor 

information requires investigation. 

• A systematic review of the value of including additional and emerging 

risk factors in risk prediction models is needed, before they become 

included by default. 

• The impact of co-existing preventive treatment such as anti-hypertensive 

medication, on the accuracy of risk prediction should be explored.  Analysis of 

more recent population studies to allow for widespread use of effective 

treatments is appropriate. 

• Consensus is required on the best outcome to use for a risk score (e.g. 

cardiovascular or coronary heart disease, “hard” or “soft” endpoints).  The 

same outcomes that are used in trials of preventive treatment would be logical 

choices for consideration in primary care, as opposed to outcomes dictated by 

pragmatic choices from cohort studies. 
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LIST OF ABBREVIATIONS 
ABI   Ankle brachial index 

AF   Atrial fibrillation 

AUROC curve  Area under the receiver operating characteristic curve 

BMI   Body mass index 

CAD   Coronary artery disease 

CDSS   Clinical decision support system 

CHD   Coronary heart disease 

CHF   Congestive heart failure 

CI   Confidence interval 

CRP   C-reactive protein 

CVD   Cardiovascular disease 

DBP   Diastolic blood pressure 

ECG   Electrocardiogram 

HbA1C   Haemoglobin A1C 

HDL cholesterol High-density lipoprotein cholesterol 

IC   Intermittent claudication 

IHD   Ischaemic heart disease 

IMT   Intima media thickness 

LDL cholesterol Low-density lipoprotein cholesterol 

LVH   Left ventricular hypertrophy 

MI   Myocardial infarction 

PVD   Peripheral vascular disease 

QUOROM  Quality of reporting of meta-analyses 

ROC   Receiver operating characteristic 

SBP   Systolic blood pressure 

VLDL   Very low density lipoprotein cholesterol 

WBC   White blood cell count 
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Background of the review 
Cardiovascular diseases are the major causes of premature death in the 

developed world.  They are important causes of disability and contribute to the 

escalating costs of health care.  

Patients with established symptomatic cardiovascular disease are at high risk 

of further events and the benefits of lipid-lowering treatment, antihypertensive 

medication, aspirin, beta-blockers and angiotensin converting enzyme 

inhibitors are established.  

In apparently healthy and asymptomatic people, the incidence of 

cardiovascular disease is in part explained by the modifiable risk factors: 

serum total cholesterol and reduced high density lipoprotein (HDL) 

cholesterol, blood pressure, cigarette smoking and diabetes.  Raised levels of 

individual risk factors confer high absolute cardiovascular risk and indicate 

specific targeted preventive therapy.  However in most individuals, being at 

high risk of disease is the consequence of a combination of mild or 

moderately elevated multiple risk factors and increasing age rather than 

arbitrary thresholds of single risk factors.1  Consequently, many multivariable 

cardiovascular disease risk prediction scores have been devised and some 

have been incorporated in national guidelines.2-7  Nevertheless, their accuracy 

in different populations remains uncertain.  

This review aims to assess the range of cardiovascular risk scoring methods 

available and to assess their ability to predict risk accurately and improve 

patient outcomes in diverse populations. 

Cardiovascular risk assessment 

Multivariable methods 

Multivariable risk assessment methods enable clinicians to combine risk factor 

information from the patient and calculate the risk of a cardiovascular event 

within a specified time period.  This allows the targeting of health service 

resources to those most likely to benefit from preventive treatment and to 
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avoid possible adverse effects of unnecessary treatment in those at low risk. 

Guidelines recommend that multivariable risk assessment in the form of risk 

scoring is used to identify patients who are asymptomatic, but at high risk of 

cardiovascular disease (National Service Framework for coronary heart 

disease 2000,8 National Cholesterol Education Program Adult Treatment 

Panel III 2000,4 European guidelines on cardiovascular disease prevention in 

clinical practice 20039).  These high-risk patients can be offered blood 

pressure and cholesterol lowering treatment and aspirin.  Interventions may 

be life-long and are associated with benefits, risks and public expenditure. It is 

important that the treatments are delivered to those at greatest risk of 

cardiovascular disease and not to those for who treatment may provide an 

unfavourable balance of risk over benefit. 

Varying contribution of risk factors to overall risk 

The relative importance of risk factors varies in different populations.  In the 

Seven countries study initiated in 1948, men from the USA were seen to have 

an incidence of coronary heart disease roughly double that of European men 

of the same age, blood pressure, serum cholesterol and smoking habit.10  

There is also evidence from studies comparing coefficients from multivariate 

analyses that the contribution of different risk factors to overall risk varies 

between populations.  In their review of logistic risk scores in the prediction of 

coronary heart disease, Chambless et al. compared models derived in 15 

populations.11  They observed variation in regression coefficients for age, 

systolic blood pressure, toatal cholesterol and smoking habit and concluded 

that extrapolation of logistic regression analyses derived in one population 

and applied to another may provide misleading results.   

Risk scoring methods 

Formal risk scoring methods are preferable to intuitive estimates of risk.12  

General practitioners have been shown to have a reasonable ability to rank 

patients and thus classify the relative risk of an individual12;13 but the 

estimation of absolute risk is poor.12-14 
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While some methods for risk scoring have been based on subjective combinations of 

risk factors, commonly recommended methods are based on multivariate analyses of 

longitudinal epidemiological cohort studies.  Typically, a representative sample of 

asymptomatic individuals with measured baseline characteristics is followed for a 

specified period of time and information collected on cardiovascular disease 

outcomes.  Multivariate analysis identifies independent risk factors associated with 

specific outcomes in the population and these form the basis of a prognostic model, 

the solution of which is the probability of an outcome, a risk score or, in combination 

with a decision aid, options for treatment.  The equation may be used directly in 

primary prevention strategies, usually in a computerised form, or as a simplified table, 

chart or point score. 

Assessment of validity 

Validation of a prognostic model or risk scoring method involves establishing its 

performance in patients other than those in which the model was derived.15  

Validation studies differ in their designs, which can be broadly categorised into those 

of convergent validity and external validity.   

Convergent validity assesses the sensitivity and specificity of a simplified form of a 

risk prediction model compared with a “gold standard” prediction model.  

Comparison of different prediction models in a cross-sectional study design is another 

form of convergent validation and relies on an assumption that one method has 

acceptable calibration and discrimination in the population studied.  

External validity goes further and assesses the generalisability of a predictive model 

or risk scoring method by testing their calibration and discrimination in a different 

population.  Comparison of validation studies can be difficult, as the characteristics of 

the study population, the inclusion criteria, risk factors, outcome definitions and 

statistical techniques may all vary.16   

When a risk score is used to identify high-risk people for preventive treatment, its 

accuracy in different populations needs to be established.  The term “accuracy” is a 

broad entity and in this context can be thought of as encompassing two different 

properties, the calibration and discriminatory ability of a model.  The impact of these 

two properties combine when a risk score is used as a screening test with risk 

thresholds classifying individuals into high or low risk. 
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Calibration 

If the predicted risk of an individual or a group of individuals is the same as the 

observed risk, then the model is perfectly calibrated.  Calibration is typically 

quantified by the ratio of the predicted risk to the observed risk and can be graphically 

displayed with a calibration curve that plots predicted versus observed outcomes.17 

Discrimination 

The discrimination of a model is a measure of how well a model categorises 

individuals by order of risk, such that individuals are correctly identified as being 

high-risk  or low-risk.  Discrimination is usually measured by plotting the receiver-

operating characteristic (ROC) curve with calculation of the area under the ROC 

curve (AUROC) or c-statistic.  The AUROC curve is a plot of sensitivity against 1-

specificity, that is true positives versus false positives.  This area ranges from 1 

(100%) representing perfect discrimination to 0.5 (50%) representing discrimination 

being no better than chance.18  In between that range, 0.90-1 might represent excellent 

discrimination, 0.80-0.90 as good, 0.70-0.80 as fair, 0.60-0.70 as poor and 0.50-0.60 

as very poor.  An example of an AUROC curve is shown in Figure 1. 
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Figure 1. An example of a receiver-operating 

characteristic curves 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

1-Specificity (false positives)

Se
ns

iti
vi

ty
 (t

ru
e 

po
si

tiv
es

)

 

No discrimination 
AUROC=0.50 

Good discrimination 
AUROC =0.90 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

1-Specificity (false positives)

Se
ns

iti
vi

ty
 (t

ru
e 

po
si

tiv
es

)

 

No discrimination 
AUROC=0.50 

Good discrimination 
AUROC =0.90 

 

Assessment of clinical effectiveness 

In addition to studies of statistical validity, it is necessary to assess the impact of the 

rule on clinical behaviour.15;19  As with any new technology or intervention, if risk 

scoring methods are to be used in primary preventive strategies, risk functions and 

scores must be shown to favourably influence the patient's risk factors, risk 

behaviours or treatment.  Interventions offered on the basis of cardiovascular risk 

assessment may be life-long and associated with both benefits and risks. 
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Previous evidence from diverse areas of healthcare suggest that structured clinical 

decision aids have only limited value with most encouraging benefits in relation to 

attitudes and knowledge, somewhat less to behaviour, and negligible effects on other 

outcomes.20  As the alternatives to risk functions and scores in primary prevention of 

cardiovascular disease involve consideration of age alone21 or potentially unreliable 

subjective interpretation of multiple risk factor information,22 the identification of 

effective methods is important. 
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Objectives 
The principle aim of the review is to synthesise research evidence on the accuracy and 

effectiveness of coronary heart disease risk scoring methods.  This will inform on the 

accuracy of cardiovascular risk prediction and its value in targeting of treatment to 

high-risk individuals. 

The review takes the form of four systematic reviews 

1) Risk scoring methods designed to identify asymptomatic people at high risk of 

cardiovascular disease 

2) Convergent validation of cardiovascular risk scores and derived methods 

3) External validation of cardiovascular risk scores to evaluate the 

generalisability of risk scoring methods in different populations 

4) Studies of effectiveness of cardiovascular risk scores in targeting primary 

prevention 
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Methods: general 
The four systematic reviews relate to a common literature base and the initial search 

strategy was broad so as to cover all aspects of cardiovascular disease and risk 

scoring.   

Search strategy  

Details of terms used to search MEDLINE are shown in Appendix 1.  Appropriate 

adaptations of search syntax were made when searching other databases.  Searches 

were made of Cochrane controlled trials register (CENTRAL), MEDLINE, 

EMBASE, CINAHL, PSYCHLIT, and ZETOC.  Searches were from database 

inception to July 2004.  Reference lists of articles were searched to identify additional 

relevant reports and key journals were hand-searched.  No language restrictions were 

applied and translations made when necessary.  There were no restrictions applied to 

the years of publication.  Expert opinion was sought. 

Any new articles identified after July 2004 and up to April 2005 through reading of 

major journals reporting risk-scoring methods were also included. 

Articles were incorporated into a Reference Manager database. 

Screening of abstracts and titles 

Articles were rejected on initial screening of abstracts and titles if two reviewers 

(ADB, PB) determined that there was no content relating to the use of risk functions 

or scores in the primary prevention of cardiovascular diseases.  If the title or abstract 

could not be rejected with certainty, the article was acquired for further evaluation. 

Potentially relevant articles were acquired and independently read by two reviewers 

(ADB, PB).  Decisions on inclusion or exclusion into any of the reviews were 

recorded on a data inclusion/ exclusion form according to specific inclusion criteria as 

described in each review section.  Disagreements were resolved by discussion and, if 

necessary, in consultation with members of the project advisory panel. 
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Data extraction 

Details of data extraction are described separately in each review section.  Two 

reviewers (ADB, PB or members of advisory panel) extracted and checked relevant 

data, which was then synthesised as appropriate.  Authors of studies with insufficient 

information were contacted.  
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Risk scoring methods designed to identify 
people at high risk of cardiovascular 
disease  

Methods 

Inclusion criteria 

• Any risk scoring method for use in primary care that has been published with 

the purpose of assessing an individual’s future risk of cardiovascular disease to 

aid the targeting of lifestyle or pharmacological interventions 

• Implicit statement of use for targeting primary prevention for asymptomatic 

individuals 

• Risk scores derived from prospective cohort studies, randomised controlled 

trials or other data sources such as systematic reviews were eligible for 

inclusion 

Data extraction 

Once the decision had been made to include a study in the review, two reviewers 

independently extracted relevant data on to the data extraction form shown in 

Appendix 2.  Information was extracted relating to:  

• Characteristics of the cohort in which the prediction model was derived (if 

applicable) 

• Patient inclusion and exclusion criteria 

• Patient characteristics 

• Risk factors included in the risk score 

• Outcomes 

• The prediction period 

• Statistical methods 
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• Details of practical application of the method. 

Results 

The flow of articles through the review process is shown in Figure 2 in accordance 

with Quality of reporting of meta-analyses (QUOROM).23  Of 3439 publications 

identified from searches as potentially relevant to risk scoring methods, 2443 were 

excluded after screening of title and abstract, with 996 acquired for detailed 

evaluation.  A total of 110 prognostic models or risk scoring methods were identified 

with potential use in targeting primary prevention of cardiovascular diseases  

In Table 1 these studies are summarised by statement of application in primary 

prevention and whether any attempted external or convergent validation, or trials of 

effectiveness in relation to health outcomes have been conducted.  Further details of 

methods with clear statement of application in primary prevention are shown in Table 

2 and described in detail in Appendix 3. 
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Figure 2. QUOROM flow diagram: risk scoring methods 
designed to identify asymptomatic people at high risk of 
cardiovascular disease 
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Studies included in review of risk 
scoring methods  
 

110 risk scoring methods with 
potential for use in primary 
prevention 
 
70 methods specifically 
designed for use in primary 
prevention 
 

Publications retrieved for more 
detailed evaluation 
 

996 

Publications identified and screened 
for retrieval 
 

3439 

Publications excluded 
on basis of full article 

886 

Publications excluded 
on the basis of title and 
abstract 

2443 



 
 

Table 1. Prognostic models or risk scoring methods with potential application in primary prevention of 
cardiovascular diseases 

Risk prediction method Clear statement of 
application in primary 
prevention  

External validation Health outcomes Convergent validation 

ARIC diabetes24 Yes No No No 
Bombay25 Yes Mukherjee et al. 1996 25 No No 
British Regional Heart 
Study26 

Yes No No Wierzbicki et al. 200027 
Haq et al. 200128 

Busselton29;30 Yes No No Dréau et al. 200131 
Cardiff Type 2 diabetes 
coronary heart disease risk 
function32 

Yes No No No 

Carta del Rischio del PPP 
200133 

Yes No No No 

CERT (WOSCOPS)34 Yes No No Haq et al. 199935 
Copenhagen stroke36 Yes No No Dréau et al. 200131 
CUORE37 Yes No No No  
DECODE38 Yes No No No 
Dubbo39 Yes No No No 
Dundee40 Yes See Table 15 No Vilaseca Canais et al, 199741 

Dréau et al. 200131 
Haq et al. 200128 
Wierzbicki et al. 200027 

ERICA42 Yes Knuiman et al. 199730 No Dréau et al. 200131 
Family heart study score43 Yes No No No 
FINE 200244 Yes No No No 
FINRISK45;46 Yes No No Bhopal 200545  
Framingham-Abbott 198747 Yes See Table 9 No No 
Framingham-Anderson Yes See Table 9  See Table 17 See Table 6, Table 7 
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Risk prediction method Clear statement of 
application in primary 
prevention  

External validation Health outcomes Convergent validation 

199148;49 
Framingham-D’Agostino 
2000 50 

Yes No No Nanchalal et al. 200251 

Framingham-Laurier 
199552;53 

Yes Torremocha et al. 
200154 

No Dréau et al. 200131 

Framingham-Levy 1990 55 
 

Yes No No No 

Framingham-McGee 197356 
Framingham-Shurtleff 197457 
Framingham-Kannel 197658 

Yes See Table 9 No No 

Framingham-MRFIT Group 
197759 

Yes No No No 

Framingham-Odell 199460 Yes No No No 
Framingham-Wilson 199861 Yes See Table 9 No Broedl et al. 200362 

Game et al. 200163 
Jones et al. 200164 

Framingham-Wolf 199165  
Framingham-D’Agostino 
199466 (stroke) 

Yes Truelsen et al. 199436 No Dréau et al. 200131 

Global coronary risk score67 Yes Kornitzer et al. 200067 No No 
Glostrup68 Yes Schroll et al. 198168  

Gothenburg 
Schroll et al. 198168  
Copenhagen 

No No 

GREAT27 Yes No No Wierzbicki et al. 200027 
GRIPS 199069 Yes No No No 
INDANA70 Yes No No No 
International Cooperative 
Study on Cardio-vascular 

Yes No No No 
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Risk prediction method Clear statement of 
application in primary 
prevention  

External validation Health outcomes Convergent validation 

Epidemiology71 
Italian cohorts of Seven 
countries study 198572 

Yes No No No 

Italian cohorts of Seven 
countries study 199073 

Yes No No No 

John Hopkins multiple risk 
equations74 

Yes No No No 

Kaiser Permanente75 Yes No No No 
Luoto76 Yes No No No 
McManus 198677 Yes No No No 
MRFIT CHD prevention 
model78 

Yes No No No 

Nagpur79 Yes Zodpey et al. 1994 79 No No 
North Karelia80 Yes No No No 
Northwick Park81 Yes No No No 
Olmsted County82 Yes Tsang et al. 200382 No No 
Paris Prospective Study 
197683 

Yes No No Dréau H. 200131 

Paris Prospective Study 
198184 

Yes No No Laurier 199453 

Physicians’ Health Study85 Yes No No No 
Plovdiv86 Yes Valkov et al. 1995 86 No No 
PRECARD87 Yes No No De Visser et al. 200388 
PROCAM Assmann 199389 Yes See Table 13 No Game et al. 200190 

Haq et al. 199935 
Haq et al. 200128 

PROCAM Assmann 199791 Yes See Table 13 No No 
PROCAM Assmann 199892 
Cullen 199893 

Yes See Table 13 No Alvarez et al. 200294 
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Risk prediction method Clear statement of 
application in primary 
prevention  

External validation Health outcomes Convergent validation 

PROCAM Assmann 200295 
Assmann 200396 

Yes See Table 13 No Broedl et al. 200362 

PROCAM Voss 200297 Yes See Table 13 X No 
Il Progetto Romano di 
Prevenzione della 
Cardiopatia Coronarica98 

Yes Mariotti et al. 197798 No No 

Rasmusen Centre99 Yes No No No 
RCV-ap100 Yes No No Vilaseca Canais et al.41 
REGICOR101 Yes No No No 
RIFLE102 Yes No No No 
RISCARD103;104 Yes No No No 
Rotterdam 2002 Nijhuis105 Yes No No No 
Rotterdam 2003 Nijhuis106 Yes No No No 
Royal College of Physicians 
of Edinburgh Diabetes 
research group107 

Yes No No No 

SCORE108 Yes Aktas 2004109 No Bhopal et al. 200545  
Horan et al. 2004110 

UKPDS111 Yes 
 

McEwan 2001 112 
Protopsaltis 2004 113 

No Song et al. 2004114 

US Railway115 Yes No No Regression coefficients compared 
with Framingham Gordon 1971115 

West Dorset116 Yes No No No 
Westlund score117 Yes No Hetlevik 1998118 

1999119 
No 

WHO 1974120 Yes No No Mariotti 197798 
Women’s Health Study 
200285 

Yes No No No 

Zoetermeer121 Yes No No No 
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Risk prediction method Clear statement of 
application in primary 
prevention  

External validation Health outcomes Convergent validation 

Albany122 No Katz 1993122 No No 
ARIC stroke123 No No No No 
ARIC124 No No No No 
Augsburg MONICA125 No No No No 
Chicago Gas122 No Katz 1993122 No No 
Chicago Heart Association 
Detection Project in Industry 
2001126 

No No No No 

Chicago Heart Association 
Detection Project in Industry 
2004127 

No No No No 

Chicago Western Electric122 No Katz 1993122 No No 
Chinese multi-provincial 
cohort study128 

No No No No 

Framingham-D’Agostino 
2001129 

No  See Table 9 No No 

Framingham-Gordon 1977130 No  No No No 
Framingham-Larson 1995131 No  No No No 
Framingham-Leaverton 
1987132 

No  No No No 

Framingham-Liao 1999133 No See Table 9  No No 
Framingham-Liao 2002134 No See Table 9 No No 
Framingham-Schauffler 
1993135 

No No No No 

Framingham-Sytkowski 
1997136 

No No No No 

Framingham-Thomsen 
2002137 

No See Table 9 No No 

Framingham-Truett 1967138 No See Table 9 No No 
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Risk prediction method Clear statement of 
application in primary 
prevention  

External validation Health outcomes Convergent validation 

Framingham-Walker 1967139 No No No No 
Gubbio140 No 

 
No No No 

Hypertension Detection and 
Follow-up programme141 

No No No No 

INSIGHT142 No No No No 
Leoncini 2002143 No No No No 
NHANES 1 and 2 1999144 No Liao 1999144 No No 
NHANES 1133 No Liao 1999133 No No 
NHANES 2133 No Liao 1999133 No No 
NHEFS132 No Knuiman 199730 

Leaverton 1987132 
No No 

North Sweden MONICA145 No No No Persson 2003145 
PROCAM Assmann 1990146 No  See Table 13 No No 
PROCAM Assmann 1992147 No  See Table 13 No No 
PROCAM Assmann 1994148 No  See Table 13 No Megnien et al. 1999149 

Wierzbicki et al. 200027 
PROCAM Assmann 1996150  No See Table 13 No Dréau et al. 200131 
Santé Québec Heart Health 
Survey151 

No Ciampi 2001151 No No 

Seven Countries 1996152 No Menotti 1996152 No No 
Tecumseh 1976122 No Katz 1993122 No No 
Tecumseh 1993122 No Katz 1993122 No No 
TEKHARF153 No No No No 
Western Collaborative group 
1976154 

No No No Dréau et al. 200131 

Western Collaborative group 
1991155 

No No No No 
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Table 2. Risk scoring methods for use in primary prevention 

 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

ARIC diabetes24 Proportional 
hazards 
regression 

CHD 10 years Equation Age Sex SBP 
Antihypertensiv
e medication 
 

Total 
cholesterol 
HDL 
cholesterol 

Smoking LVH Diabetics 
only 

Race 
BMI 
Waist hip 
ratio 
Sports 
activities 
Keys score 
Serum 
creatinine 
Serum 
albumin 
WBC count 
Factor VIII 
Mean IMT 

Bombay25 Stepwise 
linear 
discriminant 
analysis 

CHD 4 years Equation Age Sex Hypertension  Apo B 
Apo A-1 
 

Smoking/ 
chewing 
tobacco 

 Diabetes Total plasma 
protein 
BMI 
Family 
history 

British 
Regional 
Heart Study26 

Multiple 
logistic 
regression 

MI/ sudden 
ischaemic 
death 

5 years Point 
scoring 

Age Men SBP 
DBP 

Total 
cholesterol 

Smoking  Diabetes Family 
history 
Previous IHD 
ECG MI or 
ischaemia 
Angina 
pectoris 

Busselton29;30 Logistic 
regression 

CHD death 10 years Equation Age Sex SBP Total 
cholesterol 

Smoking   BMI 

Cardiff Type Hybrid CHD 4 years Equation  Age Sex SBP Total Smoking  Diabetics Pulse 

Lipid modification: Appendix J   30 of 361 



 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

2 diabetes32 logistic and 
recursive 
partitioning 
model 

cholesterol 
HDL 
cholesterol 

only 
Duration of 
diabetes 

pressure 

Carta del 
Rischio del 
PPP33 

Multivariate 
model 

CVD 3.6 years Charts Age Sex SBP HDL 
cholesterol 

Smoking  Diabetes  

CERT 
WOSCOPS34 

Cox 
proportional 
hazards 
model 

CHD 5 years Table Age Men DBP Total 
cholesterol 
HDL 
cholesterol  
Lipid lowering 
treatment 

Smoking  Diabetes Family 
history 
Angina/ 
nitrate use 

Copenhagen 
stroke36 

Cox 
proportional 
hazards 
model 

Stroke 10 years Point 
scoring 

Age Sex SBP 
Antihypertensiv
e medication 

 Smoking LVH Diabetes AF 
Previous 
CVD 
 

CUORE37 Cox 
proportional 
hazards 
model 

CHD 10 years Equation Age Men SBP 
Antihypertensiv
e medication 

Total 
cholesterol 
HDL 
cholesterol 

Smoking  Diabetes Family 
history 

DECODE38 Cox 
proportional 
hazards 
model 

CVD death 5 years Equation Age Sex SBP Total 
cholesterol 

Smoking  Diabetes 
 

Fasting 
plasma 
glucose. 
Region 

Dubbo39 Multiple 
logistic model 

CVD 5 and 10 
years 

Equation  Age Sex SBP 
Antihypertensiv
e medication 

Total 
cholesterol 
HDL 
cholesterol 

Smoking  Diabetes  

Dundee40 Multiple 
logistic 
function 

CHD 5 years Equation 
Rank 
Risk disk 

Age men SBP Total 
cholesterol 

Smoking    

ERICA42 Multiple CHD death 6 years Equation Age Men SBP Total Smoking   BMI 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

logistic 
function 

cholesterol Region 

Family heart 
study score43 

Multiple 
logistic 
regression 

CHD Not 
specified 

Point 
scoring 

Age Sex SBP Total 
cholesterol 

Smoking  Diabetes Previous IHD 
Current 
angina 
Family 
history 

FINE 200244 Logistic 
regression 

CHD death 
CVD death 

10 years Equation Age Men SBP 
Anti-
hypertensive 
medication 
 

Total 
cholesterol 
HDL 
cholesterol 

Smoking LVH Diabetes Past history 
of CHD/ CVD 

FINRISK45;46 Logistic 
regression 

MI or CHD 
death 

10 years Equation Age Sex SBP Total 
cholesterol 
HDL 
cholesterol 

Smoking  Diabetes  

Framingham-
Abbott47 

Multiple 
logistic 
regression 

CVD 
CHD  
CHD death 
MI 
Stroke 

8 years Tables Age Sex SBP 
DBP 

Total 
cholesterol 

Smoking LVH Diabetes  

Framingham-
Anderson 
199148;49 

Non-
proportional 
hazards 
Weibull 
accelerated 
failure time 
model 

MI  
CHD death 
CHD 
Stroke  
CVD  
CVD death 

4-12 years Regression 
equation 
Point 
scoring 

Age Sex SBP 
DBP 

Total 
cholesterol 
HDL 
cholesterol 

Smoking LVH Diabetes  

Framingham-
D’Agostino 
200050 
 

Weibull 
accelerated 
failure time 
model 

CHD 1-4 years Regression 
equation 
Point 
scoring 

Age Sex SBP 
Antihypertensiv
e medication 

Total 
cholesterol  
HDL 
cholesterol 
Triglycerides 

Smoking  Diabetes BMI 
Menopausal 
status 
Alcohol 
intake 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

 
Framingham-
Laurier 
199552;53 

Recalibration 
of 
Framingham-
Anderson 

CHD 5 years Equation 
Point 
scoring 

Age Men SBP Total 
cholesterol 
HDL 
cholesterol 

Smoking LVH Diabetes  

Framingham-
Levy55 

Multiple 
logistic 
regression 

CHD 10 years  Age Sex SBP 
DBP 

Total 
cholesterol 
HDL 
cholesterol 

Smoking LVH Diabetes  

Framingham-
McGee56, 
Shurtleff57, 
Kannel58 

Logistic 
regression 
model 

CVD 8-18 years Equation Age Sex SBP Total 
cholesterol 

Smoking LVH Glucose 
tolerance 

 

Framingham-
MRFIT59 

Walker & 
Duncan 
logistic model 

CHD death 
CHD 
Death all 
causes 

6 years Equation Age 
35-
57 

Men DBP Total 
cholesterol 

Smoking    

Framingham 
Odell 199460 

Non-
proportional 
hazards 
Weibull 
accelerated 
failure time 
model 

CHD 
Stroke (ABI) 
MI 
Heart attack 
CVD 
MI or stroke 
(ABI) 
Sudden 
death 

20 years Equation Age Sex SBP Total 
cholesterol 

Smoking   Relative 
weight 

Framingham-
Wilson 
199861 

Cox 
proportional 
hazards 
model 

CHD 
Hard CHD 

10 years Point 
scoring 

Age Sex SBP 
DBP 

Total 
cholesterol or 
LDL cholesterol 
HDL 
cholesterol 

Smoking  Diabetes  

Framingham-
Wolf 199165 

Cox 
proportional 

Stroke 10 years Point 
scoring 

Age Sex SBP 
Antihypertensiv

 Smoking LVH Diabetes AF 
CVD 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

D’Agostino 
199466 
(stroke) 

hazards 
model 

Equation e medication 
 

Global 
coronary risk 
score67 

Not 
described 

CHD Not 
specified 

Point 
scoring 

Age  SBP Total 
cholesterol 
HDL 
cholesterol 

Smoking    

Glostrup68 Cox 
regression 

MI 
CVD 
All causes of 
death 
 
 
 
 
 
 
 
 
 
 

10 years Equation Age 
50 

Sex Diastolic blood 
pressure 

Total 
cholesterol 

Smoking  Fasting 
glucose 

Relative 
weight 
Ischaemia on 
ECG 
Job activity 
Number of 
rooms 

GREAT27 None 
described 

CVD None 
specified 

Chart Age  SBP 
DBP 

Total 
cholesterol 
HDL 
cholesterol 
Triglycerides 
 

Smoking LVH  Menopausal 
status 
Family 
history 
BMI 
Diabetic or 
renal disease 
History of 
atheroscleroti
c disease 

GRIPS 
199069 

Multiple 
logistic 

CHD (CAD) 
Fatal MI 

5 years Decision 
aid 

 Men SBP 
DBP 

LDL cholesterol 
VLDL 

Smoking  Blood 
glucose 

Family 
history 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

regression Non-fatal MI 
Sudden 
coronary 
death 
Chronic CHD 

cholesterol 
HDL 
cholesterol  
Apo A1 
Triglycerides 
 

Alcohol 
intake 
Physical 
activity 

INDANA70 Cox 
proportional 
hazards 
model 

CVD death 5 years Point 
scoring 

Age Sex SBP Total 
cholesterol 

Smoking LVH Diabetes Height  
Creatinine 
History of MI 
History of 
stroke 
 

International 
Cooperative 
Study on 
Cardio-
vascular 
Epidemio-
logy71 

Multiple 
logistic 
regression 

CHD 5 years Equation Age Men SBP Total 
cholesterol 

Smoking   BMI 
USA or 
Europe 

Italian 
cohorts of the 
Seven 
countries 
study 198572 

Multiple 
logistic 
function 

CHD 20 years Equation  Age Men  SBP Total 
cholesterol 

Smoking   BMI 
Physical 
activity 

Italian 
cohorts of the 
Seven 
countries 
study 199073 

Log-linear 
model 
incorporating 
Weibull 
distribution; 
accelerated 
failure time 
model 

CVD 25 years Tables Age Men  SBP Total 
cholesterol 

Smoking  Diabetes  

John Cox CHD 30 years Equation Age   Total Smoking   Family 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

Hopkins74 proportional 
hazards 
regression 

cholesterol history 

Kaiser 
Permanente 
199575 

Not described CVD Not 
specified 

Computer 
program 

Age 
 

Sex 
 

Hypertension 
 

LDL cholesterol 
HDL 
cholesterol 

Smoking 
 

 Diabetes  

Luoto76 Not 
described 

CVD Not 
specified 

Point 
scoring 

Age Sex Hypertension 
 

Total 
cholesterol 
HDL 
cholesterol 

Smoking   BMI 
Physical 
activity 

McManus 
198677 
 

Weighting of 
risk based on 
known 
degrees of 
association 

CHD Not 
specified 

Point 
scoring 

Age Sex SBP 
DBP 

Total 
cholesterol 
HDL 
cholesterol 

Smoking  Diabetes 
duration 

Family 
history 

MRFIT CHD 
prevention 
model78 

Multivariate 
analysis 

CHD death 
All causes of 
death 

6 years Equation Age  Men  Diastolic blood 
pressure 

Total 
cholesterol 

Smoking    

Nagpur79 Multiple 
logistic 
regression 

CHD  Point 
scoring 
Equation 

  Hypertension 
 

Total 
cholesterol 

  Diabetes Physical 
activity 
Socio-
economic 
status 

North 
Karelia80 

Not 
described 
 
 

CVD 
mortality 

Not 
specified 

Equation Age Sex Diastolic blood 
pressure 

Total 
cholesterol 

Smoking    

Northwick 
Park81 

Multiple 
linear 
regression 

CHD 5 years Equation  Men SBP Total 
cholesterol 

Smoking   (A version 
includes 
fibrinogen 
and Factor 
VIIc) 

Olmsted Cox CVD 2 years Point Age Sex Systemic   LVH Diabetes Other ECG 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

County82 proportional 
hazards 
model 

scoring hypertension variables 

Paris 
Prospective 
Study 197683 

Lellouch 
exponential 
model 

CHD 4 years Equation  Men SBP Total 
cholesterol 

Smoking LVH Diabetes ECG 
variables 

Paris 
Prospective 
Study 198184 

Logistic 
regression 

CHD 7 years Equation Age  SBP Total 
cholesterol 

Smoking  Diabetes  

Physicians’ 
Health 
Study85 

Cox 
proportional 
hazards 
model 

CVD 13 years Equation Age Men SBP 
DBP 
Antihypertensiv
e medication 

 Smoking  Diabetes BMI 
Family 
history 
Exercise 
Alcohol 
intake 

Plovdiv86 Regression 
model 

IHD Not 
specified 

Equation   Sex DBP Total 
cholesterol 

  Blood 
sugar 

 

PRECARD87 Cox 
regression 
model 

Fatal/ non-
fatal MI 

10 years Computer 
program 
Equation 

 Sex SBP Total 
cholesterol 
HDL 
cholesterol 

Smoking  Diabetes BMI 
Previous MI 
Family 
history 

PROCAM 
Assmann 
199389  

Logistic 
function 
analysis 

CHD 6 years Equation Age Men SBP Total 
cholesterol 
HDLcholesterol 

Smoking  Diabetes Family 
history 
Angina 
pectoris 

PROCAM 
Assmann 
199791 

Multiple 
logistic 
function 

CHD 8 years Equation Age Men SBP Total 
cholesterol 
LDL cholesterol 
HDL 
cholesterol 
Triglycerides 

Smoking  Glucose 
intolerance 

Family 
history 

PROCAM 
Assmann 

Multiple 
logistic 

CHD 8 years Equation 
Risk factor 

Age Men SBP Total 
cholesterol 

Smoking  Glucose 
intolerance 

Family 
history 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

199892, 
Cullen 199893 

regression  counting LDL cholesterol 
HDL 
cholesterol 
Triglycerides 

Angina 
pectoris 

PROCAM 
Assmann 
Circulation 
200295, 
Assmann 
200396 

Cox 
proportional 
hazards 
model 

CHD 10 years Point 
scoring 

Age Men SBP Total 
cholesterol 
HDL 
cholesterol 
Triglycerides 
 

Smoking  Diabetes Family 
history 
Region 

PROCAM 
Voss 200297 

Multi-layer 
perceptron 
network 
Probalistic 
neural 
network 

CHD 10 years Point 
scoring 

Age Men SBP 
Hypertension 
(personal or 
family history) 

Total 
cholesterol 
HDL 
cholesterol 
Triglycerides 

Smoking  Diabetes Family 
history 
Height 
γ glutamyl 
transferase 
BMI 

Il Progetto 
Romano di 
Prevenzione 
della 
Cardiopatia 
Coronarica98 

Multiple 
logistic 
function 

CHD Not 
specified 

Point score 
Equation 

Age Men SBP Total 
cholesterol 

Smoking   Work activity 

Rasmusen 
Centre99 

Non 
described 

CVD Not 
specified 

Point 
scoring 

Age Sex History of high 
blood pressure 

History of high 
cholesterol 

Smoking  History of 
high blood 
sugar 

Family 
history of 
premature 
CVD or 
diabetes 
Early 
markers of 
arterial and 
cardiac 
disease 

RCV-ap100 Recalibration CVD Not Point Age Sex SBP Total Smoking   Diabetes  
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 

of 
Framingham-
Kannel 1976 
 
 
 
 
 

specified scoring cholesterol 

REGICOR101 Recalibration 
of 
Framingham 
Wilson for 
Spanish 
population 

CHD death or 
non fatal MI 

10 years Equation Age Sex Hypertension  Total 
cholesterol 
HDL cholesterol 

Smoking   Diabetes 

RIFLE102 Cox 
proportional 
hazards 
model 

CHD death 6 years Equation Age Men SBP Total 
cholesterol 

Smoking    

RISCARD 
103;104 

Log-linear 
model 
incorporating 
Weibul 
hazard 
distribution; 
accelerated 
failure time 
model 

Hard CHD 
Hard CVD 
Hard 
cerebro-
vascular 

5 years Computer 
program 

Age Sex Mean blood 
pressure 

Non-HDL 
cholesterol 
(calculated 
from total 
cholesterol-
HDL 
cholesterol) 
HDL 
cholesterol 

Smoking  Diabetes BMI 
Heart rate 
 

Rotterdam 
2003 
Nijhuis106 

Cox 
proportional 
hazards 
regression 

CVD 
CHD 
Stroke 

5 years Equation   Blood pressure     Medical 
history 
Laboratory 
tests 
Medication 
use 
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 Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Other risk 
factors 
Mild CVD 

Rotterdam 
2002 
Nijhuis105 

Regression 
model 
 
 
 
 
 
 
 

CHD 
 

10 years Equation  Age Sex SBP 
Antihypertensiv
e medication 
 

Total 
cholesterol 
HDL 
cholesterol 

Smoking  Diabetes Family 
history 
Angina 
pectoris 
IC 
(ABI) 

Royal 
College of 
Physicians of 
Edinburgh 
Diabetes 
research 
group107 

Cox 
Proportional 
hazards 
model 

Macro-
vascular 
disease 

6-9 years Risk score 
Equation 

Age  SBP 
DBP 

Total 
cholesterol 

Smoking  Diabetics 
only 
HbA1c 

Urinary 
albumin 

SCORE108 Weibull 
proportional 
hazards 
model 

CVD death 10 years Charts  Age Sex SBP Total 
cholesterol 
HDL 
cholesterol 

Smoking   High or low 
risk 
population 

UKPDS111 Maximal 
likelihood 
estimation 
Fully 
parametric 
model  

Fatal MI/ 
sudden death 

20 years Internet 
resource 
Equation 

Age Sex SBP Total 
cholesterol 
HDL 
cholesterol 

Smoking  Diabetics 
only 
HbA1c 

Ethnicity 
 

US-
Railway115 

Multiple 
logistic 
regression 

MI (fatal or 
non-fatal) 

5-20 years Computer 
program 
Risk disk 
Equation 

Age Men DBP Total 
cholesterol 

Smoking    

West 
Dorset116 

None 
described 

CHD None 
specified 

Point 
scoring 

Age Sex Patient 
reported blood 

 Smoking   Meat 
consumption 
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Method of 
derivation 

Outcome Prediction 
period 

Practical 
method 

Age Sex BP Lipids Smoking LVH Diabetes Othe
fac

r risk 
tors 

 

 

pressure 
 

Stress 
Exercise 
Weight 
Family 
history 

Westlund 
score117 

Product of 
relative risks 

MI 10 years   Sex SBP Total 
cholesterol 

Smoking   Family 
history 

WHO 1974120 None 
described 

CHD Not 
specified 

Point 
scoring 

Age Men SBP Total 
cholesterol 

Smoking   Job activity 

Women’s 
Health Study 
200285 

Cox 
proportional 
hazards 
model 

CVD 6 years Equation Age Wome
n 

SBP 
Antihypertensiv
e medication 

 Smoking  Diabetes BMI 
Family 
history 
Exercise 
Alcohol 
intake 

Zoetermeer12

1 
Proportional 
hazards 

Death all 
causes 

11.5 years Equation Age  SBP 
Antihypertensiv
e medication 

 Smoking  Diabetes BMI 
Pulse rate 
Previous MI 



Risk scoring methods for use in primary prevention 

Of the 110 methods identified, 70 risk scoring methods aimed to predict the risk of a 

cardiovascular outcome with the intention of application in primary prevention.  

Outcomes studied were: coronary heart disease, coronary heart disease death, 

myocardial infarction, fatal myocardial infarction and sudden cardiac death, stroke, 

cardiovascular disease, macrovascular disease, cardiovascular death and death from 

all causes.  These are summarised in Table 2.  Prediction periods ranged from one to 

30 years. 

The methods described by the authors to derive the prediction model were: Cox 

proportional hazards models, multiple logistic regression, Weibull accelerated failure 

time or proportional hazards models, recursive partitioning and neural network 

approaches.  A number of authors did not report a statistical process by which the risk 

scoring method was derived.  These methods may have relied on speculative 

combination and weighting of risk factors.  While it may be argued that these methods 

have no place in evidence-based care, the authors reported, for example, that they 

were “widely used” or “locally used methods” and as such they are worthy of 

evaluation in validation and effectiveness studies. 

Several risk-scoring methods were devised in exclusively male cohorts and were 

considered to be applicable only in men.  Most methods for use in men and women 

provided separate estimations or applied different age limits consistent with the 

known absolute risks of cardiovascular diseases.  Two methods incorporated 

menopausal status. 

Risk factors included in the risk scoring methods varied and probably reflect the 

variables available to the authors conducting retrospective analyses on established 

cohorts and the risk factors of contemporary interest.  This is clearly shown in the 

evolution of the Framingham cohort studies where high-density lipoprotein (HDL) 

cholesterol became available as a risk factor in the examinations conducted after 

1968. 

All risk scoring methods for use in primary prevention included some measure of 

blood pressure.  This was usually systolic blood pressure, and frequently the option of 

substitution with diastolic blood pressure was incorporated in the risk score.  A few 

methods included diastolic blood pressure only.  In a number of methods, patients 
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were classified by blood pressure as hypertensive or not according to specific 

definitions.  Eleven methods took into account whether a patient was on 

antihypertensive treatment.  Two methods considered a personal or family history of 

hypertension. 

Serum total cholesterol was included in almost all risk scoring methods.  In five 

methods low density lipoprotein (LDL) cholesterol was included or served as an 

alternative to total cholesterol.  One method included very low-density lipoprotein 

(VLDL) cholesterol estimation.  HDL cholesterol was required in thirty methods and 

seven methods included measurement of serum triglycerides.  Two methods required 

apolipoprotein Apo A-1 and one of these also included Apo B estimation.  One 

method used meat consumption as a marker of fat intake.  Only one risk scoring 

method, derived in a randomised controlled trial of statin treatment, included lipid-

lowering treatment as a variable. 

Smoking habit was a feature of all but three risk scoring methods. 

Four methods were derived in cohorts of diabetic patients and were only applicable to 

this group.  Forty-four methods included self-reported diabetes, with a few requiring 

measurement of blood glucose or glucose tolerance.  In one method aimed specifically 

at diabetics the duration of diabetes was required and in two other metods the 

measurement of HbA1c.  Presence of diabetic or renal disease was recorded in one 

method. 

The presence of left ventricular hypertrophy identified by ECG was included in 

twelve methods. 

Risk scoring methods were aimed at guiding primary prevention of cardiovascular 

diseases.  However in 12 methods, information was collected on past history of 

cardiovascular disease including angina pectoris (or nitrate use), intermittent 

claudication, atrial fibrillation, ischaemic heart disease and myocardial infarction.  

Some methods incorporated measurements of cardiovascular function in addition to 

left ventricular hypertrophy.  These variables included silent myocardial infarction 

and ischaemia, mean intima media thickness and pulse rate.   

Family history of premature myocardial infarction, coronary heart or cardiovascular 

disease was included in 21 of the identified risk scoring methods. 
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A small number of methods included haemostatic factors; an alternate version of one 

method included fibrinogen and Factor VIIc, while another included Factor VIII and 

the white blood cell count.  Measures of serum albumin, serum creatinine or total 

plasma protein were included in four methods. 

Body mass index was included in 15 risk scoring methods.  Five included weight or 

being overweight, waist hip ratio or height. 

Social and lifestyle factors were included in several methods, specifically exercise and 

physical activity, stress, socio-economic status, ethnic background, alcohol intake 

(including in one method γ glutamyl transferase estimation) and the Keys score 

reflecting balance between dietary saturated and polyunsaturated fats. 

In five methods it was possible to allow for the background risk of the population by a 

regional adjustment factor or the use of region-specific methods.  This serves to 

calibrate the risk scoring method for the varying absolute risk observed in different 

populations with similar levels of conventional risk factors.  Two methods included a 

factor relating to ethnicity. 

Framingham-based risk scoring methods 

Background 

Multivariate analyses of the Framingham cohorts have provided a large number of 

risk scoring methods.  This can be attributed to its special place in post-war 

epidemiological research.  Established in 1948 with subsequent bi-annual follow up, 

the original study was central in the investigation of risk factors in the development of 

cardiovascular diseases.  The study aimed to identify common factors or 

characteristics contributing to cardiovascular disease by following its development 

over a long period of time in a large group of participants who had not yet developed 

overt symptoms of cardiovascular disease or suffered a heart attack or stroke.   

With a stable and willing cohort of men and women, standardised procedures for 

investigations and outcome assessment, the Framingham study was an ideal resource 

for the early application of multivariate statistical methods.  With these came the 

possibility of assessment of risk with the implicit objective of targeting primary 

prevention at asymptomatic individuals with elevated cardiovascular risk. 
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In 1971, the Framingham offspring cohort was established with a particular aim of 

assessing the familial and genetic determinants of coronary heart disease.  Common 

methods are used in the examination of the original and offspring cohorts, such that 

combined analyses are possible. 

Being at the forefront of cardiovascular risk factor research, the Framingham study 

has had the advantage of early identification of new risk factors.  The recognition of 

high-density lipoprotein (HDL) cholesterol as an independent and beneficial 

contributor, and its early incorporation into Framingham derived risk scoring methods 

has had lasting significance. 

As with any epidemiological analysis, Framingham prediction models are limited by 

the information available, nature of follow up and the characteristics of the 

population.  In the Framingham study, follow-up was thorough with few losses to 

follow up, and assessment of outcomes was based on clearly defined and assessed 

criteria.  However analyses of later examinations of the Framingham study which 

form the basis for important prediction models, are of survivor cohorts and thus not 

necessarily representative of the community.  More importantly the town of 

Framingham, and especially the study cohort, is fairly homogeneous in comprising 

almost entirely white Americans of European extraction with employment 

predominantly in blue-collar occupations.  Risk factors measured were those of local 

and contemporary interest.  It would be reasonable to expect that this would limit the 

value of transfer of predictive functions to different populations in which the value of 

other risk factors are established and measured. 

Study description 

The Framingham studies are longitudinal investigations of men and women free of 

cardiovascular disease at the outset.  Individuals are examined every two years for 

collection of a medical history, physical examination, and laboratory tests.  

Recruitment of the original cohort was from 1948 to 1952.  Participants were 

respondents of a random sample of two thirds of adults, aged 30 to 62 years and 

residing in Framingham, Massachusetts in 1948.  Between 1971 and 1975 the 

offspring of the original cohort and their spouses were also recruited. 
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Population 

The original cohort comprised 5,209 people (2336 men and 2873 women) aged 30 to 

62 years at baseline.  The offspring cohort comprised 5135 people (2489 men and 

2646 women) aged from 5 to 70 years.  The Framingham cohort consists of greater 

than 99% white people as there were few minority ethnic groups living in the town in 

1948. 

Risk factors 

Data collected relate to both pre-determined and post hoc hypotheses.  Some major 

coronary heart disease risk factors (as first described in the Framingham Study) were 

measured from the first examination.  These included blood pressure, serum 

cholesterol, body mass index, social class, diabetes and ECG measurement of left 

ventricular hypertrophy.  In later examinations measurements included: smoking habit 

and alcohol consumption (2nd examination), physical activity and diet (3rd 

examination), fibrinogen and triglycerides (7th examination), and HDL cholesterol 

(10-12th examination). 

Framingham-based risk scoring methods 

The examinations conducted on the Framingham cohorts give the opportunity for a 

large number of different baselines and follow up intervals.  This is reflected in the 

many prognostic models and scoring methods shown in Table 3.  While some of these 

may reflect only academic exercises in multivariate analysis, the majority are intended 

for use in calculating cardiovascular risk and guiding primary prevention. 

The most widely used and researched Framingham derived methods are those of 

Anderson et al.48;49 and Wilson et al.61  The use of these predictive models has been 

recommended in guidelines and incorporated into various tools as summarised in 

Table 4. 



 
 

Table 3. Predictive models derived in the Framingham Heart Study 

 
Publication Baseline 

date 
Cohort 
characteristics 

Multivariate method of analysis 
Format of score 

Outcome 

Abbott 198747 1950-
1970 

Original 
Framingham 
cohort 
examinations 2, 6 
and 10  

Multivariate logistic regression 
Equation 

1. CHD  
2. CHD death 
3. Non-fatal CHD 
4. MI, angina pectoris, coronary insufficiency 

Anderson 199148;49 1968-
1975 

Original 
Framingham 
cohort 
examinations 10-
12 and first 
examination of 
offspring cohort 

Non-proportional hazards 
modified Weibull with variable 
dispersion and location 
accelerated failure time model  
Equation (separate versions for 
DBP and SBP) 
Point scoring (SBP only) 

1. MI (including silent and unrecognised MI) 
2. CHD death 
3. CHD (MI and CHD death, angina pectoris, 
coronary insufficiency) 
4. Stroke (including transient ischaemia) 
5. CVD (1-4 plus CHF and PVD) 
6. CVD death 

D’Agostino 200050 
 

1971-
1987 

Survivors of 
original 
Framingham 
cohort and first 
examination of 
offspring cohort 
seen since 1971 

Weibull accelerated failure time 
model. Separate model for men 
and women  
Equation 
Point scoring 

Total CHD (angina pectoris, recognised and 
unrecognised MI, coronary insufficiency and CHD 
death) 

D’Agostino 2001129 1971-
1974 

Survivors of 
original 
Framingham 
cohort and first 
examination of 
offspring cohort 

Sex specific proportional hazards 
regression function 
Equation 

CHD (Coronary death or MI) 

Gordon 1977130 1968-
1971 

Survivors of 
original 
Framingham 
cohort 

Logistic regression equation 
(Walker and Duncan 1967) 
Equation 

CHD (definite MI, angina pectoris, coronary 
insufficiency, or CHD death) 
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Publication Baseline 
date 

Cohort 
characteristics 

Multivariate method of analysis 
Format of score 

Outcome 

Larson 1995131 1964-
1968 
1975-
1978 

Original 
Framingham 
cohort  

Multivariable proportional hazards 
model 
Equation 

CVD 

Leaverton 1987132 1960-
1964 

Survivors of 
original 
Framingham 
cohort 

Multiple logistic function 
Equation 

CHD death 

Levy 199055 1972- Survivors of 
original 
Framingham 
cohort 

Multiple logistic function 
Equation 

CHD 

Liao 1999133 1954-
1958 

Survivors of 
original 
Framingham 
cohort 

Cox proportional hazards model 
Equation 

CHD death 

Liao 2002134 1971-
1975 

Survivors of 
original 
Framingham 
cohort and first 
examination of 
offspring cohort 

Multivariate proportional hazards 
model 

CHD death 

McGee 197356 
Shurtleff 197457 
Kannel 197658 

1948-
1952 

Original 
Framingham 
cohort 

Logistic regression model (Walker 
and Duncan method 1967) 
Risk equation 
Tables 

CVD 

MRFIT Group 197759 Not 
described 

Not specified Logistic regression model (Walker 
and Duncan method 1967) 
Risk equation 

1. CHD death 
2. CHD (CHD death or non fatal MI) 
3. Death-any cause 

Odell 199460 1960-
1964 

Survivors of 
original 
Framingham 
cohort 

Non-proportional ha
modified Weibull with variable 
dispersion and location 
accelerated failure time model  

zards 1. CHD 
2. Stroke (ABI) 
3. MI 
4. Heart attack 
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Publication Baseline 
date 

Cohort 
characteristics 

Multivariate method of analysis 
Format of score 

Outcome 

examination 4 Equation 5. CVD 
6. MI or stroke (ABI) 
7. Sudden death 

Schauffler 1993135 1982-
1983 

Not specified Logistic regression function 
Equation 

CVD 

Sytkowski 1997136 1960-
1989 

Survivors of 
original 
Framingham 
cohort and first 
examination of 
offspring cohort 

Regression equation (not shown) 1. Initial CHD 
2. Subsequent CHD 
3. MI 
4. CHF 

Thomsen 2002137 
 

1971- Survivors of 
original 
Framingham 
cohort 

Logistic regression 
Equation 

CHD death 

Truett 1967138 1948-
1952 

Framingham 
cohort 

Multiple logistic regression  
Equation 

CHD (definite MI, coronary insufficiency, angina 
pectoris, death from CHD) 

Walker 1967139 1948-
1952 

First examination 
of original 
Framingham 
cohort  

Regression equation with 
coefficients estimated by 
recursive technique 
Risk equation 

CHD 

Wilson 199861 1971-
1974 

Survivors of 
original 
Framingham 
cohort and first 
examination of 
offspring cohort 
 

Cox proportional hazards model 
Point scoring  

1. Total CHD (angina pectoris, recognised and 
unrecognised MI, coronary insufficiency and CHD 
death) 
2. Hard CHD (total CHD without angina pectoris) 
 

Wolf 199165 
D’Agostino 199466 
(stroke) 

1965-
1967 

Survivors of 
original 
Framingham 
cohort 

Cox proportional hazards 
regression model 
Risk equation 
Point scoring 

Stroke 
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Table 4. Risk scoring methods based on the Framingham-Anderson and Wilson models 

Framingham-Anderson 
modification 

Description Risk factors Outcome 
Prediction period 

Notes 

Bayly 1999157 Laboratory 
based computer 
program 

Age 
Sex 
SBP 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
LVH 

CHD 
10 years  

Not applicable to patients with 
IHD, PVD, genetic 
hyperlipidaemia or patients on 
lipid-lowering medication 

BHS-IV British 
Hypertension Society 
20047 

Chart 
Computer 
program 

Age 
Sex 
Systolic blood pressure 
Total cholesterol 
HDL cholesterol 
Smoking 

CVD 
10 years 

Diabetics assumed to be high risk 

Canadian guidelines 
1997158 

Nomogram Age 
Sex 
Total cholesterol (in CVD 
nomogram) 
HDL cholesterol (in CVD 
nomogram) 
Systolic blood pressure  
Smoking 
Diabetes 
LVH 
AF (in stroke nomogram) 

CVD 
Stroke  

 

Carta del rischio cardio-
vascolare 2000159 

Charts Age 
Sex 
SBP 
Total cholesterol 

CVD  
10 years 
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Framingham-Anderson 
modification 

Description Risk factors Outcome 
Prediction period 

Notes 

Smoking  
Diabetes 
 
 
 

Heydtmann 1999160 Computer 
program 
(download site 
not now active) 

Age 
Sex 
SBP 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
LVH 

CVD 
Prediction period 
not specified 

 

Hingorani 1999161 Computer 
program 

Age  
Sex 
Systolic blood pressure 
Diastolic blood pressure 
Antihypertensive treatment 
Total cholesterol 
HDL cholesterol 
Blood glucose 
Diabetes 
Smoking 
LVH 
Atrial fibrillation 
History of CVD 

CHD 
Stroke 
10 years 

Based on Framingham-Anderson 
and Framingham-Wolf 1991 

http://www.cvhealth.ed.ac.
uk/162 

Web-based Age 
Sex 
SBP 
DBP 
Total cholesterol 
HDL cholesterol 
Smoking 

CHD 
10 years 

Age >30 years 
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Framingham-Anderson 
modification 

Description Risk factors Outcome 
Prediction period 

Notes 

Diabetes 
LVH 
Family history 
 
 
 
 
 

http://www.healing-
hearts.net/risk.html163 

Web-based Age 
Sex 
SBP 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
LVH 

CHD 
10 years 

 

http://www.med-
decisions.com/cvtool/activ
e/provider/provider.html164 

Web-based Age 
Sex 
SBP 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
LVH 

CHD 
4-12 years 

Ages 30-75 with no history of 
CVD 
US resident 

Joint British 
recommendations 19983 
Cardiac Risk Assessor165 

Chart  
Computer 
program 

Age 
Sex 
Systolic or diastolic blood 
pressure 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
Family history 

CHD (coronary 
death or non fatal 
MI) 
10 years 

Family history and Indian ethnic 
group adjustment suggested. 
Not applicable in patients with 
familial hypercholesterolaemia or 
renal dysfunction 
Age 30-70 
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Framingham-Anderson 
modification 

Description Risk factors Outcome 
Prediction period 

Notes 

Joint British 
recommendations 
modified 2000166 

Chart 
Computer 
program 

Age 
Sex 
Systolic or diastolic blood 
pressure 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
Family history 
 
 
 
 

CHD (coronary 
death or non fatal 
MI) 
10 years 

Age 30-74 

Joint European Societies 
recommendations 19945 

Charts Age 
Sex 
Systolic blood pressure 
Smoking  
Total cholesterol 

CHD 
10 years 

 

Joint European Societies 
Second Joint Task Force 
on Coronary Prevention 
1998167 

Charts 
 

Age 
Sex 
Systolic blood pressure 
Total cholesterol 
Smoking 
Diabetes 

CHD (coronary 
death, non-fatal 
MI, an
pectoris) 

gina 

HDL set at 1.0mmol/L for men and 
1.1mmol/L for women 

10 years 

New Zealand charts 
1993168 

Charts and risk 
factor counting 

Age 
Sex 
Systolic or diastolic blood 
pressure  
Risk factor counting 0-3 
(smoking, diabetes, 
cholesterol/HDL ratio >6.1, BMI 
>30, family history of CVD) 

CVD 
5 years 

 

New Zealand charts Charts Age CVD Also consider BMI, 
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Framingham-Anderson 
modification 

Description Risk factors Outcome 
Prediction period 

Notes 

19962;169 Sex 
Systolic or diastolic blood 
pressure  
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 

5 years hyperlipidaemia and family 
history of CVD.  If CVD present 
patient is in high risk group 

New Zealand charts 
2003170 

Charts Age 
Sex 
Total cholesterol 
HDL cholesterol 
Systolic or diastolic blood 
pressure  
Smoking 
Diabetes 
 
 
 
 
 

CVD 
5 years 

Suggests adjustments for ethnic 
group, family history, 
microalbuminuria, duration and 
severity of diabetes and 
metabolic syndrome) 

New Zealand charts 
updated 2000171 

Charts  Age 
Sex 
Systolic or diastolic blood 
pressure  
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 

CVD (major 
events) 
5 years 

Not for use age >70 
Authors note importance of 
family history and physical 
inactivity 

PCV-METRA modification 
Laurier 199453 

Equation Age 
Sex 
SBP 
Total cholesterol 
HDL cholesterol 

CHD 
6 years 

Recalibration for French 
population 
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Framingham-Anderson 
modification 

Description Risk factors Outcome 
Prediction period 

Notes 

Smoking 
Diabetes 
LVH 

Rabindrath172 Laboratory 
based computer 
program 

Age 
Sex 
SBP 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
LVH 

CHD 
10years 

 

Sheffield tables 1995173 Tables  Age 
Sex 
Total cholesterol 
Hypertension  
Smoking 
Diabetes 
LVH 
 
 
 
 
 
 

Coronary death HDL set at 1.15mmol/L for men 
and 1.40mmol/L for women 

Sheffield tables new 
2000174 
Sheffield tables 1997175 

Tables  Age 
Sex 
Total cholesterol 
HDL cholesterol 
Hypertension  
Smoking 
Diabetes 
LVH 

CHD 
10 years 

 

Sheffield tables updated Tables  Age CHD Identifies patients with estimated 
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Framingham-Anderson 
modification 

Description Risk factors Outcome 
Prediction period 

Notes 

1996176 Sex 
Total cholesterol 
Hypertension  
Smoking 
Diabetes 
LVH 

 risk of CHD of less than or 
greater than 3.0%/year  

WHO/ISH 1999177 
WHO/ISH 2003178 

Chart 
incorporating 
risk factor 
counting 

Hypertension (JNC VI) 
Total cholesterol 
Smoking 
Diabetes 
Family history of CVD 
Target organ damage 
Associated clinical conditions 

CVD 
(cardiovascular 
death, non fatal 
MI, non fatal 
stroke) 

Applicable to men age >55 and 
women >65 

Yudkin 1999179 Charts Age 
Sex 
Systolic blood pressure 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
Microalbuminuria 

CHD (CHD death, 
MI or angina 
pectoris) 

Separate charts for 
normoalbuminuric and 
microalbuminuric diabetic and 
non-diabetic men and women 
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Framingham-Anderson modification: others Description 
Aarabi 2005180 Adjustment factor for total cholesterol: HDL cholesterol ratio for use in 

South Asians 
Becht 2002181 Computer program 
Birmingham Heartlands Calculator157 Computer program with graph output 
Bonneux 2000182 Life table 
Cardiorisk manager (BMJ Books 1999)183 Computer program 
Carroll 2002184 Computer program with risk displayed as “risk thermometer” 
El Programa de Actividades Preventivas y de Promoción de 
la Salud 2003185 

Table 

EMIS186 Computer program 
EsPeR. Colombet 2003187 Incorporation in clinical decision aid 
Forge 2001188 Web-based or computer program 
Global Diabetes Model189 Risk equation 
Heartcheck190 Physician/ patient workbook 
HjerterRask http://www.hjerterrask.dk/default.php191 Computer program 
http://www.ministerosalute.it/192 Risk chart 
Lemieux 2001193 Equation incorporating insulin, Apo B, small LDL size 
Medcal Risk CHD (also includes Dundee score)194 Computer program 
The Danish College of General Practitioners 1998195 Guidelines 
Ulrich 2000196 Also incorporates Wolf 1991 stroke function Life table 
Van der Meer 2003 197 Equation (option of including CRP) 
Vergara 2000198 Computer program 
Framingham-Wilson modification Description 
American Heart Association Multiple Risk Factor 
Assessment Equation199  

Risk equation 
Points assigned for impaired fasting glucose (110-126 mg/dl) 

Ferrucci 2001200 Point score  
One extra point for age ≥75 years 

Fodor  2000201 Canadian guidelines Table 
Grundy 2001202. Based on NCEP (ATPIII)  Age replaced with coronary calcium 
http://www.americanheart.org/presenter.jhtml?identifier=30
03500&_requestid=1263683203 

Web-based 

http://www.nhlbi.nih.gov/about/framingham/riskabs.htm204 Tables 
Marrugat 2003101 Recalibration for Spanish population 
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58 

Framingham-Anderson modification: others Description 
Chart 

NCEP ATPIII3 

http://www.nhlbi.nih.gov/guidelines/cholesterol/index.htm20

5 

Table 
Computer program, web-based 

Ridker 2002206 Includes hsCRP in risk equation 
STAT Cholesterol  
http://www.statcoder.com/cholesterol.htm207 

Computer program 

 



Framingham-Anderson 

Anderson et al. described the use of the Weibull distribution and the 

accelerated failure time model in the derivation of a collection of risk 

equations.208  This modified Weibull model – the variable dispersion and 

location accelerated failure time model, has the theoretical advantage over 

standard regression models that it can provide predictions over longer time 

periods as it relaxes the proportional hazards assumption. 

The predictive models published by Anderson et al. are derived from 

examinations 10, 11, and 12 of the surviving members of the Framingham 

cohort originally recruited from 1948 and the first examination of the 

Framingham offspring cohort.48;49  These men and women were seen 

between 1968 and 1975 for baseline measurements and followed for 12 

years.  Risk functions were derived from 5574 people aged 30-74 years. 

There are six equations relating to different outcomes 

• MI (including silent and unrecognised MI) 

• Coronary heart disease death 

• Coronary heart disease (MI and coronary heart disease death, angina 

pectoris, coronary insufficiency) 

• Stroke (including transient ischaemia) 

• Cardiovascular disease (first 4 categories plus congestive cardiac 

failure and peripheral vascular disease) 

• Cardiovascular disease death 

A point scoring method derived from the coronary heart disease outcome 

equation has been published.49  The authors recommend general use of the 

models with certain qualifications that include: all risk factors being required; 

that the Framingham-Wolf equation65 may be preferable for stroke prediction 

because other relevant risk factors such as the presence of atrial fibrillation 

and a past history of cardiovascular disease are included; family history of 

coronary heart disease should be considered; predictions may not be 

appropriate for individuals with extremely elevated risk factors; and equations 
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may not be directly applicable to populations with very low coronary heart 

disease incidence rates. 

Framingham – Anderson equations are incorporated into several important 

guidelines and simplified risk-scoring tools including the Sheffield Tables, New 

Zealand charts and Joint British Societies charts. 

Framingham-Wilson 1998 

Wilson et al. derived a Cox proportional hazards model with baseline data 

collected between 1971 and 1974 from the 11th examination of the original 

Framingham cohort and the initial examination of the Framingham offspring 

cohort.61  They were followed for 12 years and a coronary heart disease risk 

function was derived from the 5345 men and women aged 30-74 years.  

The risk model is reported as a score sheet with categories based on blood 

pressure and lipid categories described in the JNC V and NCEP ATPII 

guidelines.209;210  Examination of c-statistics, describing the area under the 

receiver operating characteristic curve, showed that the discriminatory ability 

of this point scoring system using categorical data compared well with a 

model using continuous variables.   The c-statistics were 0.74 in men and 

0.77 for women with continuous variables compared to 0.73 in men and 0.76 

for women for the point system.    

Both the full model and the scoring system differ from the Framingham-

Anderson 1991 equations by including low density lipoprotein cholesterol as 

an alternative to total cholesterol and in not including a measure of left 

ventricular hypertrophy.  This latter change was justified because of a strong 

association between left ventricular hypertrophy and hypertension and the 

lack of universally accepted ECG criteria.  The authors also note that family 

history of premature coronary heart disease was not included due to 

incompleteness of data.  Similarly, information on fibrinogen, postmenopausal 

hormone replacement therapy, exercise and body mass index were not 

included for reasons of incompleteness or concern about possible 

confounding. 

The score sheet gives an estimate of total coronary heart disease risk 

(coronary heart disease death, recognised and unrecognised MI, coronary 
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insufficiency and angina pectoris) and a simple conversion to “hard” coronary 

heart disease (coronary heart disease without angina pectoris).  As with the 

Framingham-Anderson model, the authors suggest that clinicians should 

exercise caution in generalising the results to different populations.  

The model derived in the Framingham cohort by Wilson et al. is incorporated 

into US and Canadian national guidelines.  Modifications of the Framingham-

Wilson model exist that include high-sensitivity C-reactive protein (hsCRP),206 

impaired fasting glucose199 and coronary calcium estimation.202  Lloyd-Jones 

et al.211;212 used the Wilson model to calculate lifetime risk within the 

Framingham cohort. In women of all ages and older men, the method 

stratified lifetime risk well. However, in younger men stratification of lifetime 

risk was poor.  The authors conclude that new models are required to predict 

lifetime coronary heart disease risk. 

Other Framingham prediction models aimed at use in primary 
prevention 

In addition to the methods described by Anderson et al. and Wilson et al., 

several other multivariate analyses of Framingham data have given rise to risk 

scores specifically aimed at use in guiding primary prevention. 

Framingham-Abbott.  Abbott et al. analysed data from the original 

Framingham study cohort with baseline examinations conducted between 

1950 and 1970.47  They derived an equation using multiple logistic regression 

analysis.  Risk factors included were age, sex, systolic and diastolic blood 

pressure, total cholesterol, smoking, left ventricular hypertrophy and diabetes.  

Outcomes were cardiovascular disease, coronary heart disease, coronary 

heart disease death, non-fatal coronary heart disease, myocardial infarction, 

intermittent claudication or stroke over a period of eight years.  Grover et al. 

used the Framingham-Abbott prediction model in the Coronary heart disease 

prevention model with calibration from Canadian life tables statistics and the 

Canada health survey.213 

Framingham-D’Agostino 2000.  Using baseline data collected from 1971-

1987 in the original Framingham and offspring cohorts D’Agostino et al. 

developed a risk equation and point scoring method.50  They used a technique 
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of pooled repeated measures that allowed subjects to contribute on multiple 

occasions to the baseline data.  Multivariate analysis used the Weibull 

accelerated failure time model.  The outcome was total coronary heart 

disease which included angina pectoris, recognised and unrecognised MI, 

coronary insufficiency and CHD death over a period of 1-4 years (2 years for 

point-scoring).  Risk factors included in the equation and point scoring method 

are age, sex and menopausal status, systolic blood pressure and 

antihypertensive medication, total cholesterol, HDL cholesterol and 

triglycerides, smoking habit, diabetes, body mass index and alcohol intake. 

Framingham-Levy.  Baseline and 10 year follow up data from survivors of the 

original Framingham cohort seen in 1972 was used in multiple logistic 

regression analysis in development of a risk equation.55  The outcome was 

coronary heart disease over a period of 10 years.  Risk factors included in the 

equation were age, sex, systolic and diastolic blood pressure, total and HDL 

cholesterol, smoking habit, left ventricular hypertrophy and diabetes. 

Framingham-McGee.  Early versions of risk equations derived from the 

Framingham study were reported by McGee 197356, Shurtleff 197457 and 

Kannel et al. 1976.58  The authors reported 8-16 year follow up of the original 

Framingham cohort baseline examination between 1948 and 1952.  The 

logistic regression model of Walker and Duncan139 were used to generate risk 

equations and tables with the outcome of cardiovascular disease over an 8 to 

16-year period.  These were reported in the Coronary risk handbook214 and 

subsequently a simplified point scoring method was published by Brittain et 

al.215  Risk factors included were age, sex, systolic blood pressure, total 

cholesterol, smoking habit, left ventricular hypertrophy and glucose tolerance 

or diabetes.  Later, a multiplication factor was devised for adjustment of risk 

for HDL cholesterol level.216   

Framingham-MRFIT.  A logistic regression model was used to devise a risk 

equation for use in planning the National Heart and Lung Institute Multiple risk 

factor intervention trial (MRFIT).59  The authors studied men seen at baseline 

examination in 1954 and followed up for six years for the outcomes of 

coronary heart disease death, coronary heart disease death and non-fatal 
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myocardial infarction, or death from any cause.  Risk factors included were 

diastolic blood pressure, serum cholesterol and smoking habit. 

Framingham-Odell.  A risk equation was derived using a non-proportional 

hazards Weibull accelerated failure time model in the Framingham cohort 

examined between 1960 and 1964 and followed up for 20 years.60  Several 

outcomes were considered, specifically coronary heart disease, 

cardiovascular disease, thrombotic stroke, myocardial infarction, sudden 

death and combinations of outcomes.  Risk factors included in the prediction 

model were age, sex, systolic blood pressure, total cholesterol and relative 

weight. 

Framingham-Wolf 1991.  Wolf et al. devised a prediction model for stroke 

with baseline data from survivors of the original Framingham cohort seen in 

1964-1968 and 1975-1978 and 10 year follow up in a Cox proportional 

hazards regression model.65  The results are presented as an equation or 

point scoring method with risk of stroke over 10 years.  Risk factors included 

are age, sex, systolic blood pressure and antihypertensive medication, 

smoking habit, left ventricular hypertrophy, diabetes, atrial fibrillation and 

previous cardiovascular disease.  D’Agostino et al. reported a modified 

version with improved adjustment for use of antihypertensive medication.66 

Other Framingham prediction models with no specific intention for 

use in primary prevention 

Further multivariate analyses have been reported and, when they have been 

used to provide information on validation of Framingham prediction models, 

they are considered in the review.   

Framingham-D’Agostino et al. 2001.  D’Agostino et al generated a Cox 

proportional hazards regression function in survivors of the original 

Framingham cohort and first examination of the offspring cohort seen between 

1971 and 1974.129  The outcomes reported were five and 10-year coronary 

death and myocardial infarction event rates.  Risk scores included in the risk 

function were age, sex, total cholesterol and HDL cholesterol, systolic and 

diastolic blood pressure, smoking habit and diabetes.  However, there is no 

clear indication that the function is aimed at use in primary prevention 

 63



strategies.  The authors describe application of the regression function in a 

range of cohort studies to assess accuracy of Framingham–based risk 

prediction methods. 

Framingham-Gordon 1977.  Baseline data from survivors of the original 

Framingham cohort examined between 1968 and 1971 with four year follow 

up was incorporated in a logistic regression model.130  The outcome chosen 

was coronary heart disease (definite myocardial infarction, angina pectoris, 

coronary insufficiency, or coronary heart disease death) in four years.  Risk 

factors included in the analysis were LDL and HDL cholesterol, systolic blood 

pressure, left ventricular hypertrophy and diabetes.  Smoking was not 

included as it was considered unrelated to coronary heart disease risk in older 

groups.  The authors used the risk function to examine and confirm the 

reliability of Framingham prediction models in older age groups. 

Framingham-Larson.  Larson et al. used data from the first baseline 

examination of the Framingham cohort conducted in 1964-1968 and 1975-

1978 with 10 year follow up in a proportional hazards regression model.131  

The outcome was cardiovascular disease over a period of 10 years.  Risk 

factors included were age, sex, systolic blood pressure, total cholesterol, 

smoking, diabetes and body mass index.  The authors used the risk functions 

to explore the importance of individual risk factors for cardiovascular disease 

in the elderly. 

Framingham-Leaverton.  Leaverton et al used multiple logistic regression 

analysis to generate a function based on baseline analysis of the original 

Framingham cohort seen for baseline examination between 1960 and 

1964.132  The outcome studied was coronary heart disease death over a 

period of 10 years of follow up.  Risk factors included were Age, sex, systolic 

blood pressure, total cholesterol and smoking habit.  The principle aim of this 

analysis was an evaluation of the accuracy of models derived in the 

Framingham cohort when applied in a representative US population. 

Framingham-Liao 1999.  Using Cox proportional hazards methods, Liao et 

al. derived a predictive model with baseline data from the 1954-1958 

examination of the original Framingham cohort.133  Follow up was for 24 years 
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and the outcome studied was coronary heart disease death.  Risk factors 

included in the model were age, systolic blood pressure, total cholesterol, 

smoking habit, left ventricular hypertrophy and diabetes.  The authors 

compared Cox coefficients for this function with those derived in the US 

NHANES I and NHANES II studies and found significant heterogeneity in the 

magnitude of the coefficients.  They also looked at the accuracy of the 

Framingham-Liao model in the NHANES I and II cohorts. 

Framingham Liao 2002.  In a study comparing multivariate proportional 

hazards models derived in different population, Liao and the Diverse 

populations collaborative group derived a predictive model based on data 

from the original and offspring cohorts seen between 1971 and 1975.134  

Follow up with the outcome of coronary heart disease death was for 20 

years.134  To allow comparison with prediction models derived in other cohorts 

the risk factors included were age, systolic blood pressure, total cholesterol, 

smoking habit and diabetes. 

Framingham-Schauffler.  In a multiple logistic regression analysis Schauffler 

et al. used baseline examination data from survivors of the original 

Framingham cohort to generate a function for prediction of cardiovascular 

disease over a two year period.135  Risk factors included were age, sex, 

systolic blood pressure, total cholesterol, smoking habit, left ventricular 

hypertrophy and glucose intolerance.  The authors used the analysis in 

predicting health cost implications in different risk profiles. 

Framingham-Sytkowski.  Sytkowski et al. used data from baseline 

examinations of the original Framingham and offspring cohorts collected 

between 1960 and 1989 followed up for an unspecified period.136  Multiple 

logistic regression was used to generate separate prediction models in treated 

hypertensives and normotensive or untreated hypertensive groups.  The 

authors found significant differences between the regression coefficients in 

the models derived in the two groups.  The model based on treated 

hypertensives predicted the coronary heart risk reduction seen in clinical trials 

of hypertensive medication. 
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Framingham-Thomsen.  Baseline measurements made at the 1971 

examinations of the original Framingham and 10 year outcome data were 

used in a logistic regression model.137  The outcome studied was coronary 

heart disease death.  Risk factors included in the model were age, sex, 

systolic blood pressure, total and HDL cholesterol, smoking habit and 

diabetes.  The authors’ aim was to examine the accuracy of risk scoring 

methods derived in Framingham and Glostrup populations. 

Framingham-Truett.  Truett et al. described a multiple logistic function 

derived using data from the original Framingham cohort examination in 1948-

1952.138  Follow up was for 12 years and the outcome studied was coronary 

heart disease (definite myocardial infarction, coronary insufficiency, angina 

pectoris or death from coronary heart disease).  Risk factors included in the 

model were age, sex, systolic blood pressure, total cholesterol, smoking habit, 

left ventricular hypertrophy, relative weight and haemoglobin.  This was an 

early example of multivariate analysis of coronary heart disease risk factors 

and the authors’ note that the method of analysis is a “powerful method of 

analyzing the simultaneous effects of many risk factors on incidence.” 

Framingham-Walker and Duncan.  A regression equation with coefficients 

estimated by recursive technique was used to develop a predictive model 

using baseline data from the first examination of the original Framingham 

cohort between 1948 and 1952 and 10 year follow up.139  The outcome 

studied was coronary heart disease.  Risk factors included in the model were 

age, sex, height, systolic and diastolic blood pressure, total cholesterol, 

smoking habit, ECG abnormalities, relative weight and alcohol consumption.  

In their article, the authors describe a method for estimation of the probability 

of an event as a function of several independent variables.  They identify 

areas in biomedical research where the method may be useful and apply the 

method in the Framingham study as an example. 

Framingham re-calibrations 

Several recalibrations of the Framingham prediction models are reported for use in 

different populations with the intention of guiding primary prevention.  Laurier et al. 

modified the constant term in the Anderson coronary heart disease prediction model 
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using coefficients derived from the Paris Prospective Study model.52;53  Similarly, 

Garcia et al.100and Marrugat et al.101 have recalibrated the Framingham-Anderson 

prediction model using data from Spanish population studies 

PROCAM-based risk scoring methods 

Background 

Study description 

The PROCAM study is a prospective epidemiological investigation of employees of 

52 companies and authorities in the city of Munster, Germany.   

Population 

The PROCAM cohort was first examined between 1979 and 1985 and 

included 13,737 men and 5,961 women aged 16-65.  A further 3,700 men and 

2,104 women were seen when the original cohort was followed up after 

between six and seven years.  Follow up is at two yearly intervals. 

Risk factors  

The PROCAM risk functions and scores differ from Framingham-based 

methods in including a measure of family history of premature MI in first 

degree relatives and the level of serum triglycerides.  Other variables included 

are: age, HDL cholesterol, LDL cholesterol, systolic blood pressure, smoking 

habit and diabetes.  Prediction is of a major coronary event specifically: 

sudden cardiac death, definite fatal or non-fatal MI (confirmation by ECG or 

enzymes), CHD diagnosed by angiography and suspected coronary death.   



Publication Baseline date Cohort characteristics Multivariate method of analysis 
Format of score 

Outcome 

Assmann 1990146 1979-1985 PROCAM baseline cohort with no evidence of 
CHD and complete information. 
4-year follow up 

Multiple logistic regression 
Equation 

MI 

Assmann 1992147 1979-1985 PROCAM baseline cohort with no evidence of 
CHD  
6-year follow up 

Multiple logistic function 
Equation 

Atherosclerotic coronary artery disease 

Assmann 199389 1979-1985 PROCAM baseline cohort with no evidence of 
CHD and complete information. 
6-year follow up 

Logistic regression 
Equation 

CHD 

Assmann 1994148 1979-1985 PROCAM baseline cohort with no evidence of 
CHD  
6-year follow up 

Multiple logistic regression 
Equation 

Atherosclerotic CHD 

Assmann 1996150 1979-1985 PROCAM baseline cohort with no evidence of 
CHD and complete information. 
8-year follow up 

Multiple logistic regression 
Equation 

Major CHD event 

Assmann 199791 1979-1985 PROCAM baseline cohort with no evidence of 
CHD  
8-year follow up 

Multiple logistic regression 
Equation 

CHD (MI or cardiac death) 

Assmann 199892  
Cullen 199893 

1979-1985 PROCAM baseline cohort with no evidence of 
CHD  
8-year follow up 

Multiple logistic regression 
Equation 
Risk factor counting 

CHD 

Assmann 2002,95 
200395;96 

1979-1985 PROCAM baseline cohort with no evidence of 
CHD and complete information. 
10-year follow up 

Cox proportional hazards model 
Point scoring method 

Major coronary event 

Voss 200297 1979-1985 PROCAM baseline cohort with no evidence of 
CHD and complete information. 
10-year follow up 

Multi-layer perceptron network 
Probalistic neural network 
Point scoring method 

Major coronary event 
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PROCAM-based risk scoring methods 

Prediction models derived in analyses of the PROCAM study cohort are 

shown in Table 5. 

The first PROCAM derived method for estimating the risk of coronary heart 

disease was described by Assmann in 1990.146  This had myocardial 

infarction as an outcome and was derived for use only in men.  In 1993 

Assmann derived a multiple logistic function in the PROCAM study cohort for 

estimation of coronary heart disease in men and women over a six year 

period.89  Subsequently, a number of similar risk scoring methods have been 

derived with multiple logistic coefficients differing with the group studied (age, 

sex) and follow up period.91-93;147;148;150 

More recent reports from the PROCAM study describe a point-scoring method 

derived from a 10-year follow up using a Cox proportional hazards model.95;96  

The Kaplan Meier method is used in the conversion of relative to absolute 

risk.  Serum LDL cholesterol is included in place of total cholesterol which was 

used in earlier models.146  The authors report a favourable comparison of the 

derived point score with the Cox model.  A new feature included in this report 

is a re-calibration factor for several different populations with differing levels of 

absolute coronary heart disease risk observed in the MONICA study cohorts.   

Voss et al. 2002 compared risk scoring methods using either a multi-layer 

perceptron network or a probalistic neural network.97  The models also 

incorporated height, gamma glutamyl transferase, body mass index and 

personal or family history of hypertension.  The authors report that the multi-

layer perceptron network was better at identifying individuals at a high risk of 

developing a coronary event. 

Dundee-based risk scoring methods 

Background 

Study description 

The Dundee score, named after the city in which the analyses were performed, is 

based on analysis of the United Kingdom heart disease prevention project.40  The 
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Dundee rank is based on application of the Dundee score to men and women in the 

Scottish heart health study. 

Population 

The United Kingdom heart disease prevention project was a randomised controlled 

trial with an intervention of advice and counselling relating to multiple risk factors.  

Participants were 8,397 men working in 24 UK factories assigned to intervention or 

control in a cluster randomisation study design.  Of these, appropriate data were 

available for 5203 men who were followed up for five years.  The Dundee rank was 

derived by applying the Dundee score in the Scottish heart health study.   

Risk factors 

The risk factors included in the Dundee score were age, blood pressure, serum 

cholesterol and smoking habit.   

Dundee - based risk scoring methods 

The Dundee score was generated using a multiple logistic function.  Five-year risk of 

coronary heart disease can be calculated using an equation or a commercially 

available risk disk.  This latter allows calculation of both the five-year Dundee risk 

and the Dundee rank.  Also available is a table which allows conversion of Dundee 

coronary risk rank to cardiovascular age.217  The Medcal Risk CHD computer 

program has included both Dundee and Framingham-Anderson risk scores.194 

Systematic Coronary Risk Evaluation project: SCORE 

Background 

Study description 

The Systematic Coronary Risk Evaluation project (SCORE) is based on the 

analysis of pooled data from cohort studies conducted in 12 European 

countries.108  It addresses issues raised by the Second Joint Task Force of 

European and other Societies167 concerning the use of the Framingham-

Anderson risk function in European populations, in particular its validity in 

populations with lower coronary heart disease rates, the applicability of 

definitions of nonfatal end-points and the difficulties of using local data to 

adjust the model for use in different European countries. 
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Population 

Cohorts studied were either population-based or occupational.  Over 205,000 men and 

women were participants in the 12 cohort studies with baseline dates from 1967-1991.  

It is not clear how many patients with no history of heart attack and complete data 

were included in the analysis.  Participants were aged 45-64. 

Risk factors 

Risk factors included in the SCORE project were age, sex, systolic blood pressure, 

total cholesterol or total cholesterol/ HDL cholesterol ratio and smoking habit 

SCORE prediction model 

Multivariate analysis of data from the combined cohorts used a Weibull proportional 

hazards model stratified by cohort and sex.  Risk functions were generated for high 

and low risk European populations and used as the basis for separate risk charts.  

Versions were also devised to include total cholesterol or total cholesterol/ HDL 

cholesterol ratio.  The outcome of cardiovascular mortality was chosen on the basis of 

the most widely available and reliable data in the 12 cohorts. 

PRECARD 

Background 

Study description 

The Copenhagen risk score on which the PRECARD method is based was derived in 

pooled analyses of two prospective Danish community studies.87  Previously a risk 

scoring method had been described based on 10 year follow up of 50 year olds in the 

Glostrup study alone.68   

Population 

Men and women from the Copenhagen heart study and the Glostrup population 

studies were examined between 1977 and 1991 and followed up for 2-16 years.  

11,765 people were included in the analysis with complete risk factor information. 

Risk factors 

Risk factors included in the Copenhagen risk score were age, sex, systolic blood 

pressure, total cholesterol, HDL cholesterol, smoking habit, diabetes, body mass 
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index, family history of myocardial infarction and personal history of myocardial 

infarction. 

PRECARD 

Multivariate analysis of risk factors used a Cox regression model.  The practical 

version of the Copenhagen risk equation is known as PRECARD and takes the form 

of a computer program.  The outcome predicted by the model is myocardial infarction 

(fatal or non fatal). 

RISCARD 

Background 

Study description 

The RISCARD risk scoring method was derived in analysis of data from three Italian 

cohorts.103;104  These were the Italian rural areas cohorts (Crevalcore and 

Montegiorgio) of the Seven countries study, the Epidemiology and clinics of silent 

ischemic heart disease study (ECCIS) and Gubbio population study.  The mean risk 

comparator was derived from the Italian RIFLE pooling project.102 

Population 

The Italian rural areas cohorts of the Seven countries study and the ECCIS study 

comprised men aged 40-59 years followed up for 25 years and 6 years respectively.  

In the Gubbio population study men and women were included aged 35-74 years with 

six years of follow up.  The total number of people with no history of cardiovascular 

disease and complete data was 9,089.   

Risk factors 

Risk factors included in the RISCARD computer program are age, sex, mean blood 

pressure, non-HDL cholesterol, HDL cholesterol, smoking habit, diabetes, body mass 

index and heart rate.  Outcomes can be chosen from hard coronary heart disease, hard 

cerebrovascular disease or hard cerebrovascular disease. 

RISCARD 

Analysis of pooled data from the three populations was based on a Weibull 

accelerated failure time model.  The three models for coronary heart, cardiovascular 
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and cerebrovascular disease outcomes were used as the basis for a computer program 

for use by medical staff.  Results are expressed as the estimated risk, theoretical risk 

and ideal risk of an event over five years. 

United Kingdom prospective diabetes study (UKPDS) risk engine 

Background 

Study description 

The UK prospective diabetes study was a 20-year trial of blood pressure and glucose 

control in 5,102 patients with newly diagnosed type 2 diabetes in 23 hospitals in 

England, Northern Ireland and Scotland.  Baseline examinations were conducted 

between 1987 and 1991. 

Population 

The patients studied were 4,540 newly diagnosed diabetics with no existing coronary 

heart disease or heart failure and complete risk factor information.  Follow up was for 

at least four years. 

Risk factors 

The prediction model included age, sex, systolic blood pressure, total cholesterol, 

HDL cholesterol, smoking habit, HbA1c and ethnicity (Afro-Caribbean, Caucasian, 

Asian Indian).111 

UKPDS risk engine 

The prediction model used maximal likelihood estimation with the Newton-Raphson 

method and a fully parametric model to combine hazard ratios and absolute event 

rates.  The prediction model is for use in diabetic patients and can be applied either as 

a risk equation or alternatively there is a web-based version.  The outcome is fatal or 

non-fatal myocardial infarction or sudden death. 
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Risk factors and life expectancy (RIFLE)  

Background 

Study description 

The Risk factors and life expectancy (RIFLE) project is based on the pooling of data 

from nine studies comprising a total of 45 populations from 13 Italian regions.102  

Pooling was possible as studies were coordinated by the same centre with 

standardised methods. 

Population 

The population selected for pooling consisted of 31,317 men aged 30-69 years with 

baseline examinations commencing in 1978 to 1987 depending on cohort.  Follow up 

was for six-years. 

Risk factors 

The prediction model included age systolic blood pressure, total cholesterol and 

smoking habit.   

RIFLE  

Multiple logistic and Cox proportional hazards models were derived for application in 

men only.  The outcome was coronary heart disease mortality over a six year period.  

Coefficients of the Cox proportional hazards model were reported. 

Other risk scoring methods 

Several risk scoring methods with a clear application in targeting primary prevention 

of cardiovascular diseases have been derived in similar settings to those in which 

Framingham, PROCAM, SCORE, PRECARD, RISCARD, Dundee RIFLE and 

UKPDS methods were derived.  Key risk factors (systolic blood pressure, total 

cholesterol and diabetes) were included unless stated.  Summarised are methods with 

relevance to the review based on known external or convergent validation, study of 

effectiveness or incorporation in guidelines. 

The Westlund score was derived in an occupational cohort by multiplying the 

relative risks associated with risk factors117 and later incorporated into Norwegian 

guidelines218 and a clinical decision support system.118  The score was applicable in 
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men and women and included an index of family history of premature coronary heart 

disease but no measure of diabetes or HDL cholesterol.  The outcome predicted was 

myocardial infarction. 

Menotti et al. produced a risk chart based on analysis of cohorts included in the 

PRECARD analysis, the Italian cohorts of the Seven countries study (1990).73  The 

authors used a Weibull accelerated failure time model.  In common with PRECARD 

this analysis was based on cardiovascular disease as the outcome with 25 years of 

follow up.  However only men were included in the analysis and separate risk charts 

were provided according to diabetes status.  These charts updated risk charts for 

coronary heart disease developed in the same Italian cohorts of the Seven countries 

study (1985) cohort in using multiple logistic regression reported by the same 

author.72  These included 20 years of follow up with the additional risk factors of 

body mass index and physical activity.  No measures of diabetes or HDL cholesterol 

were included. 

The Carta del rischio del PPP was derived in an Italian cohort using a multivariate 

model.33  The charts provide prediction of cardiovascular disease over a period of 3-4 

years for men and women. 

The CERT tables derived using a Cox proportional hazards model in the WOSCOPS 

randomised controlled trial of lipid lowering treatment219 provides an estimate of 

coronary heart disease risk over five years.34  The method for use in men includes 

measures of family history of premature coronary heart disease, current angina, lipid 

lowering treatment and diastolic blood pressure. 

The DECODE equation was derived using a Cox proportional hazards model in data 

from 10 European cohort studies.38  The method predicts cardiovascular death over 

five years and includes fating plasma glucose but not HDL cholesterol. 

The INDANA point-scoring method was derived in a pooled data from trials of 

antihypertensive treatment using a Cox proportional hazards model.  The outcome 

predicted is cardiovascular disease and incorporates measures of height, creatinine, 

history of MI or stroke and left ventricular hypertrophy. 

The Cardiff type 2 diabetes equation32 derived using a hybrid logistic and recursive 

partitioning model in a cohort of diabetics provides prediction of coronary heart 
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disease over four years.  The method includes pulse pressure and the duration of 

diabetes. 

The British regional heart study26 point score and Family heart study43 

modification were derived using multiple logistic regression in a group of UK cohorts 

of men.  The Family heart study modification used additional data to include age and 

to be applicable in women.  The methods included personal and family history of 

ischemic heart disease and angina.  The outcomes were coronary heart disease but the 

period was not specified. 

GREAT is a locally used chart for the estimation of cardiovascular risk in men and 

women incorporating conventional risk factors and personal and family history, 

diabetic or renal disease, body mass index, menopausal status and triglyceride 

measurement.27  No prediction model was used and no prediction period specified. 

The equation derived in the ERICA cohorts was derived using multiple logistic 

regression and provides estimation of the six year risk of death from coronary heart 

disease. 42  The equation is applicable in men and includes a variable corresponding to 

regions included in the multi-centre study.  HDL cholesterol was not included. 

Simons et al. derived a multiple logistic model for the estimation of five or 10 year 

cardiovascular disease risk in an Australian cohort of men and women. 39  The Dubbo 

equation includes use of antihypertensive medication. 

Houterman et al. devised the FINE risk equation for 10 year estimation of coronary 

heart or cardiovascular disease risk using logistic regression analysis of cohorts from 

the Seven countries study.  Additional risk factors were past history of coronary heart 

or cardiovascular disease, left ventricular hypertrophy and antihypertensive 

medication. 

The FINRISK equation was based on logistic regression analysis in a Finnish 

cohort.45;46  Ten-year estimation of risk myocardial infarction or coronary heart 

disease death was based on conventional risk factors. 

Derived by logistic regression analysis in an Australian cohort, the Busselton score 

uses conventional risk factors, excluding HDL cholesterol, to estimate risk of 

coronary heart disease death over 10 years in men and women. 29;30 
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The ARIC diabetes score was derived using proportional hazards regression in a US 

cohort of diabetics. 24  Ten year estimates of coronary heart disease risk in diabetics 

are based on standard risk factors and body mass index, waist hip ratio, sports 

activities, the Keys score based on saturated and polyunsaturated fat, cholesterol, and 

calories in the daily diet, serum creatinine, serum albumin, WBC count, Factor VIII, 

mean intima media thickness and antihypertensive medication.  The authors also 

incorporated race as a factor. 

The Bombay risk scoring method described by Mukherjee et al. was derived in an 

occupational cohort in India.25  Stepwise linear discriminant analysis was used to 

estimate the four-year risk of coronary heart disease.  Risk factors incorporated in the 

score were hypertension, ApoB and ApoA1, smoking and chewing tobacco, diabetes, 

family history, total plasma protein and body mass index. 

Zodpey et al. described another risk scoring method derived in a case-control study in 

Nagpur, India.79  Multiple logistic regression analysis was used to derive an equation 

and point scoring method in patients admitted to hospital with coronary heart disease 

and age and sex matched controls.  Risk factors included in the risk score were 

hypertension, total cholesterol, diabetes, physical activity and socio-economic status. 

In a cohort from Plovdiv in Bulgaria, Valkov et al. derived a regression model for 

prediction of ischaemic heart disease risk.86  An equation based on diastolic blood 

pressure, total cholesterol and blood sugar was reported. 

Ducimetiere et al. used a Lellouch exponential model to derive a risk equation from 

the Paris prospective study cohort.83  This incorporated ECG variables including a 

measure of left ventricular hypertrophy but did not include HDL cholesterol. 

A risk equation for estimating five-year risk of coronary heart disease in men was 

derived in multiple linear regression analysis of data from the Northwick Park heart 

study cohort.81  Conventional risk factors were supplemented by an option to include 

fibrinogen and Factor VIIc.  Diabetes and HDL cholesterol were not included in the 

risk equation. 

McManus reported a point scoring method for estimation of coronary heart disease 

risk.77  This method was based on weighting of risk based on known degrees of 

association and included standard risk factors and diastolic blood pressure and family 

history. 
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In the International cooperative study on cardio-vascular epidemiology cohort 

Keys et al. used multiple logistic regression to derive a risk equation for the 

estimation of coronary heart disease riskin men.71  The authors incorporated body 

mass index into the score but not HDL cholesterol or diabetes.  An additional factor 

for region (USA or Europe) was also included.  Modifications of this risk scoring 

method have been reported by Khosla et al.220 and Walker.221 

In an early analysis predating that contributing to the development of the PRECARD 

method, Schroll et al. described a Cox regression analysis of the Glostrup cohort of 

people seen at age 50.  Equations calculating ten-year risk of myocardial infarction, 

cardiovascular disease or all cause mortality were based on conventional risk factors 

and relative weight, ECG ischaemia, Job activity, number of rooms in home and 

diastolic blood pressure.  Systolic blood pressure and HDL cholesterol were not 

included. 

Data from participants in the Multiple risk factor intervention trial and the National 

heart foundation risk factor prevalence study were used to generate the MRFIT 

Coronary heart disease prevention model.222  Equations were devised by 

multivariate analysis to estimate risk of coronary heart disease death and death from 

all causes over six-years.  Risk factors were age, diastolic blood pressure, total 

cholesterol and smoking. 

Using data from the North Karelia study, Weinehall et al. reported a risk equation for 

estimation of cardiovascular mortality risk80  This score applicable in men and women 

included the risk factors diastolic blood pressure, total cholesterol and smoking habit. 

Marrugat et al. recalibrated the Framingham-Wilson prediction model based on 

Spanish coronary heart disease incidence data.101  The REGICOR equation estimates 

hard 10 year coronary heart disease risk using conventional risk factors but including 

presence of hypertension as the blood pressure variable. 

The RCV-ap method was based on a recalibration of the Framingham-Kannel method 

for the Spanish population.100  The point scoring method with an outcome of 

cardiovascular disease included the risk factors age, sex, systolic blood pressure, total 

cholesterol, smoking habit and diabetes. 

The Royal College of Physicians of Edinburgh diabetes research group used a Cox 

proportional hazards model to generate a risk score and equation in a population of 
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diabetics.107  The outcome was macrovascular disease and the method included the 

risk factors: age, systolic and diastolic blood pressure, total cholesterol, smoking 

habit, HbA1c and urinary albumin. 

Benson provided no information on derivation in the description of the Kaiser 

Permanente risk scoring method.75  This computer program requires conventional 

risk factors but includes LDL cholesterol and hypertension in place of total 

cholesterol and systolic blood pressure. 

Discussion 

A total of 70 risk scoring methods were identified with a clear statement of 

applicability in primary prevention strategies.  A further 40 multivariate analyses of 

cohort studies generated prediction models but the authors did not use the models to 

develop risk scoring methods.   

The established risk factors for cardiovascular disease: measures of blood pressure, 

atherogenic lipids (LDL cholesterol, total cholesterol/ HDL cholesterol ratio or Apo 

B), low levels of anti-atherogenic lipids (HDL cholesterol or Apo A-1) and smoking 

habit should be included in a cardiovascular risk score.  If a method is required to 

assess risk in populations that include diabetic patients, some measure of diabetic 

status should be included.  As the risk of cardiovascular disease is related to the 

severity of diabetes, methods specifically designed for risk estimation in diabetic 

patients should probably include a marker of severity or the duration of the condition.  

These might include HbA1c and duration of diabetes. 

Patients with left ventricular hypertrophy are at elevated risk of coronary heart disease 

and if the measurement and the interpretation of electrocardiograms are feasible and 

reproducible in the particular setting they also merit inclusion.   

Family history of premature cardiovascular disease is an established independent risk 

factor for cardiovascular disease.  However there is no concensus on the best way to 

measure family history.223  Many risk scores developed outside of the Framingham 

study include some measure of family history.  Indeed the paper describing the 

analysis of Framingham data, which produced the widely used Anderson model, notes 

that as well as risk estimation family history should be considered.49  This may reflect 

lack of specific information in the original Framingham data set. 
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Issues relating to body mass index, social factors, physical activity and stress are 

routinely considered in the general practice consultation.  However, their inclusion in 

a risk scoring method may overcomplicate the risk estimation process.   

Incorporation into models of haemostatic and other biochemical factors probably 

reflects specific local research interests and the limited evidence of their value and 

practical implications probably rules out their use in routine risk scoring. 

Several methods were developed in cohorts other than the USA, Australia and 

Western Europe.  Methods from India25;79 and Bulgaria86 were identified.  With the 

high and increasing incidence of cardiovascular diseases in Eastern Europe and the 

developing world, ot is important that methods are inclusive and incorporate factors of 

local importance.  As an example, the model derived in Nagpur, India by Zodpey et al 

incorporated socio-economic status.79 

Incorporation within a risk scoring method of a validated facility for adjustment for 

locally observed absolute risk is appealing.  The problem of poor validation of 

methods in populations distinct from that in which the prediction model was derived 

is described in detail later.  Future studies applying these methods in populations with 

differing levels of risk will serve to identify whether their aim of improving 

calibration and discrimination of risk scoring is realised. 

There has been recognition that calibration of risk scoring methods in different 

populations is frequently poor.  The International cooperative study on cardiovascular 

epidemiology method published in 1972 recognised that separate equations were 

required for US and European men.71  More recently the ERICA, DECODE, SCORE 

and PROCAM 2003 methods have incorporated an adjustment for variation in 

observed risk in different populations.  Similarly in their Framingham-based 

prediction model, D’Agostino et al. model suggest that it may be appropriate to 

recalibrate risk scores according to the risk in different ethnic groups.129 

Summary 

• A large number of risk scoring methods, many derived in the Framingham 

study cohort, have been reported and readily accessible tables, charts, point 

scores and computerised versions are available 
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• A core set of variables is included in a large proportion of methods reflecting 

the established independent risk factors 

• Several widely recommended methods do not include family history 

• Some methods incorporate an adjustment for regional risk 

• Evidence on the validity of methods and their effectiveness in guiding 

treatment decisions is available for a minority of methods 
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Convergent validation of cardiovascular 
risk scores and derived methods 

Convergent validation serves an important role in assessing the value of 

simplified risk scoring tools compared to their parent method or a “gold 

standard” method.  They add little to our understanding of how well a risk 

function or risk-scoring method predicts cardiovascular disease or improves 

outcomes.  In this chapter the studies that have compared risk functions or 

risk scoring methods using a cross-sectional approach are summarised.  

When different methods with baseline measurements and follow up are 

compared in a longitudinal study, these are considered as external validations 

and are discussed in Chapter 6. 

Methods 

Inclusion criteria 

• Any study where cardiovascular risk scores have been compared in a cross-

sectional study design to evaluate a risk scoring method with the parent prediction 

model 

• Studies where risk scoring methods derived in different populations have been 

compared in a cross-sectional study design 

Data extraction 

Once the decision had been made to include a study in the review, two reviewers 

independently extracted relevant data on to the data extraction form shown in 

Appendix 4.  Information was extracted relating to: characteristics of the cohort in 

which the parent prediction model and derived score were compared, inclusion and 

exclusion criteria, outcomes, the prediction period, statistical methods used for 

comparison and results and conclusions relating to value of the derived scoring 

method.  Where available, values for sensitivity and specificity of methods at specific 

levels of “gold standard” risk were extracted. 
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Results 

The flow of articles through the review process is shown in Figure 3 in accordance 

with Quality of reporting of meta-analyses (QUOROM).164  In total, 30 articles 

compared risk scoring methods using cross-sectional study designs. 

Sixteen articles, representing 40 comparisons, described convergent validation of 

methods based on the Framingham-Anderson prognostic model.  Twenty-one studies 

reported direct comparisons of different methods.  Studies reporting convergent 

validation and comparisons of models are summarised in Tables 6 and 7. 

Convergent validation of Framingham models and derived risk scores 
and tools 

Convergent validation of eleven derived risk charts, tables and nomograms were 

identified comparing risk calculations with the original Framingham-Anderson 

prediction model.  The methods identified were: Sheffield tables (2 versions), Joint 

British Societies charts (2 versions), Joint European Societies charts (2 versions), 

Canadian nomograms, New Zealand charts (3 versions) and the WHO-ISH chart. 

Studies of convergent validation of the family of risk scoring methods based on 

equations derived from the Framingham study are summarised in Table 6.  Details of 

the study populations and statistical measures reported by authors relating to 

convergent validation are shown.  These are most frequently the specificity and 

sensitivity of a method for classification of patients at thresholds of risk based on the 

full Framingham equation.  Kappa, reflecting the stength of agreement between two 

methods was reported in one study, values close to one reflecting good agreement. 
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Figure 3. QUOROM flow diagram: convergent validation of risk 
scoring methods designed to identify asymptomatic people at 
high risk of cardiovascular disease 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publications identified and screened 
for retrieval 
 

3439 

Publications retrieved for more 
detailed evaluation 
 

996 
Publications excluded 
on basis of full article 

966 
Studies included in review of 
convergent validation of risk scoring 
methods  
 

30 studies reporting any cross-
sectional comparisons of 
methods 
 
16 studies of convergent 
validation of Framingham-
Anderson based methods 
 
21 comparisons of different 
risk scoring methods 

Publications excluded 
on the basis of title and 
abstract 

2443 
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Table 6. Convergent validation of Framingham-Anderson model and derived risk scores and tools 

10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

Sheffield table updated 1996 
Bayly et al. 
1999157 

Age 30-70 
N=1060 
Diabetic men 
and women 

39 (27,51) 96 (94,98)       

Broedl et al. 
200362 
 

Age 47.4 (SD 
14.4) 
N=100 (overall) 
Men and 
women 
referred to 
lipid/ diabetic 
clinics 

Kappa<0.20     

Vilaseca 
Canais et al. 
199741 

Mean age 58.8 
(SD 10.2) 
N=186 
Patients 
receiving lipid-
lowering 
treatment for 
primary 
prevention. 
Men and 
women 

Framingham-Anderson method and Sheffield table updated 
1996 classified 38.3% and 16% as high risk respectively 

    

Durrington 
et al. 1999224 

Age 30-74 
N=458 (overall) 
Men and 
women 
referred to lipid 
clinic 

Sheffield table updated 1996 underestimated CHD risk ≥30% 
(9% men, <1% women) compared with Framingham equation 
(22% men, 7% women) 

    

Game et al. Age 30-74 43 (19.9,61.7) 94 (90.8,96.7}       



10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 
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200163 N=906 
Diabetic men 
and women 

Jones et al. 
200164 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 
 

43.6 (25.4,69.8) 98.2 
(96.1,99.3) 

      

Estimated by GP 
64 (53,75) 89 (81,87) 
Estimated by practice nurse 

McManus et 
al. 2002225 

Age not stated 
N=110 
Primary care 
patients with 
CHD risk 
factors. Men 
and women 

58 (47,69) 86 (76,96) 

      

Wierzbicki 
et al. 200027 

Mean age 53.8 
(SD 12.3) 
N=400 
Men and 
women from 
CVD 
prevention 
clinic on stage-
2 diet 

64 100       

Sheffield table new 1999/2000 
Cabrera et 
al. 2003226 
 
 
 
 

Age 30-74 
N=148 
Hypertensive 
men and 
women 

 % in each JNC VI category 
 Framingham-Anderson  Sheffield table new 

2000 
JNC VI A 0 4.2 
JNC VI B 9.2 41.3 
JNC VI C 56.3 66.7  

   



10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

Game et al. 
200163 

Age 30-74 
N=906 
Diabetic men 
and women 

95 (93.9,97.0) 90 (85.6,95.7} 96 (94.1,97.5) 89 
(84.4,92.1) 

    

Jones et al. 
200164 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 

91.4 (81.3,96.9) 95.8 
(93.9,97.3) 

95.1 
(91.6,97.4) 

89.9 
(86.4,92.7) 

    

Rabindrath 
et al. 2002172 
 

Mean age men 
52.1 (SD 10.2), 
women 55.3 
(SD 9.5) 
N=1102 
Patients 
referred for 
risk 
assessment 
 
 

95.2 (82.8,99.4) 97.9 
(96.8,98.7) 

91.6 
(86.7,95.1) 

93.8 
(91.1,97.9) 

    

Wallis et al. 
2000174 
 

Age 35-64 
N=1000 
Representative 
sample of 
Scottish men 
and women 

82 (66,98) 99 (98,100) 97 (94,100) 95 (93,96)     

Wallis et al. 
2000174 
Wallis et al. 
2001227 

Age 35-64 
N=624 
Mild 
hypertensives 
(SBP 140-
159mmHg) in 

       88 (79,96) 90 (85,95) 
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10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

Scottish 
representative 
sample. Men 
and women 

Yikona et al. 
2002228 
 

Age 35-64 
N=202 
Mild 
hypertensives 
(SBP 140-
159mmHg) in 
Scottish 
representative 
sample 

  98 (93,100) 91 (87,96)   81 (71,90) 96 (92,99) 

Joint British Societies (JBS) chart 1998 
Broedl et al. 
200362 
 

Age 47.4 (SD 
14.4) 
N=100 (overall) 
Men and 
women 
referred to 
lipid/ diabetic 
clinics 

Kappa=0.81     

Game et al. 
200163 

Age 30-74 
N=906 
Diabetic men 
and women 

77 (68.3,84.4) 99 (99.2,99.9} 96 (93.9,97.4) 92 
(88.1,94.7) 

    

Jones et al. 
200164 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 

69.5 (51.8,81.9) 99.7 
(98.9,100) 

82.1 
(76.6,86.7) 

97.0 
(94.8,98.4) 

    

McManus et Age not stated Estimated by GP       
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10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

80 (71,89) 83 (68,98)   
Estimated by practice nurse   

al. 2002225 N=110 
Primary care 
patients with 
CHD risk 
factors. Men 
and women 

79 (70,89) 100 (-)   

Wierzbicki 
et al. 200027 
 

Mean age 53.8 
(SD 12.3) 
N=400 
Men and 
women from 
CVD 
prevention 
clinic on stage-
2 diet 

100 100   70 100   

Men 

82.5 (74.9,90.0) 99.6 
(99.3,99.9) 

91.5 
(89.3,93.6) 

97.3 
(96.5,98.1) 

Women 

Wilson et al. 
2003229 
 

Age 35-74 
N=5005 
Random 
sample of 
English 
population; 
untreated for 
CHD risk 
factors. Men 
and women 

85.7 (59.8,100) 99.9 
(99.8,100) 

92.2 (87.9, 
96.4) 

99.8 
(99.7,99.9) 

    

Yikona et al. 
2002228 
 

Age 35-64 
N=202 
Mild 
hypertensives 
(SBP 140-
159mmHg) in 
Scottish 
representative 
sample 

63 (51,75) 98 (95,100) 91 (82,99) 98 (96,100)     
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10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

Joint British Societies (JBS) modified chart 2000 
Jones et al. 
200164 
 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 
 
 

84.7 (71.0,93.0) 98.7 
(94.5,99.5) 

89.4 
(84.8,92.7) 

99.5 
(98.1,99.9) 

    

Rabindrath 
et al. 2002172 

Mean age men 
52.1 (SD 10.2), 
women 55.3 
(SD 9.5) 
N=1102 
Patients 
referred for 
risk 
assessment 

90.5 (75.6,97.4) 100 (99.7,100) 93.6 
(90.4,96.0) 

94.7 
(92.6,96.1) 

    

Joint European Societies chart 1994 
Durrington 
et al. 1999224 

Age 30-74 
N=458 (overall) 
Men and 
women 
referred to lipid 
clinic 

The proportion of patients with ≥20% CHD risk was 32% in 
men and 11% in women compared with 26% men and 8% 
women by the Framingham equation 

    

Joint European Societies chart 1998 
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10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

Broedl et al. 
200362 
 

Age 47.4 (SD 
14.4) 
N=100 (overall) 
Men and 
women 
referred to 
lipid/ diabetic 
clinics 

Kappa=0.64     

Game et al. 
200163 

Age 30-74 
N=906 
Diabetic men 
and women 

    89 
(85.1,91.7) 

71 
(67.2,76.9} 

  

Jones et al. 
200164 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 

    75.0 
(66.5,81.8) 

85.9 
(82.3,89.0) 

  

Estimated by GP 
61 (51,72) 72 (62,83) 
Estimated by practice nurse 

McManus et 
al. 2002225 
 

Age not stated 
N=110 
Primary care 
patients with 
CHD risk 
factors. Men 
and women 
 
 
 
 

65 (54,75) 74 (64,84) 

      

Wierzbicki 
et al. 200027 

Mean age 53.8 
(SD 12.3) 
N=400 
Men and 

    95 100   
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10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

women from 
CVD 
prevention 
clinic on stage-
2 diet 

Canadian nomograms 1997 
Game et al. 
200163 
 

Age 30-74 
N=906 
Diabetic men 
and women 

5 (0,19.3) 100 
(99.5,100} 

98 (96.0,98.7) 88 
(83.7,91.6) 

    

Jones et al. 
200164 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 

3.3 (0.4,11.7) 100 (99.4,100) 94.8 
(91.3,97.2) 

92.2 (89.0, 
94.6) 

    

New Zealand chart 1995/1996 
Game et al. 
200163 

Age 30-74 
N=906 
Diabetic men 
and women 

      94 
(91.2,95.4) 

58 
(50.5,65.5) 

Jones et al. 
200164 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 

      61.4 (52.8, 
68.4) 

94.9 
(92.2,96.8) 

Wierzbicki 
et al. 200027 

Mean age 53.8 
(SD 12.3) 
N=400 
Men and 
women from 

      56 100 
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10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

CVD 
prevention 
clinic on stage-
2 diet 
 
 
 

Yikona et al. 
2002228 
 

Age 35-64 
N=202 
Mild 
hypertensives 
(SBP 140-
159mmHg) in 
Scottish 
representative 
sample 

  83 (71,94) 89 (84,94)   75 (63,86) 98 (92,99) 

New Zealand chart 1998 
McManus et 
al. 2002225 
 
 

Age not stated 
N=110 
Primary care 
patients with 
CHD risk 
factors. Men 
and women 

74 (65,84) 81 (71,92) 63 (52,73) 63 (52,73)     

New Zealand chart updated 2000 
Jones et al. 
200164 
 

Age 30-70 
N=691 
Primary care 
risk 
assessment in 
men and 
women 

      83.2 
(77.6,87.7) 

78.8 
(73.9,84.8) 

WHO-ISH table 1999 
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10-year Framingham-Anderson 
CHD risk ≥30% 

10-year Framingham-
Anderson CHD risk ≥15% 

10-year Framingham-
Anderson CHD risk 
≥20% 

10-year Framingham-
Anderson CVD risk 
≥20% 

94 

Author Population 
details 
 

Sensitivity  
% (95% CI) 

Specificity % 
(95% CI) 

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity % 
(95% CI) 

Specificity 
% (95% CI)

Sensitivity 
% (95% CI)

Specificity % 
(95% CI) 

Persson et 
al. 2003145 

Age30-74 
N=1781 
Hypertensive 
patients from 
Swedish 
MONICA 
project 

Average levels of Framingham-Anderson CHD risk 
correspond well with WHO-ISH table groups. Spread of risk 
was great with considerable overlap between groups. 

    

Yikona et al. 
2002228 
 

Age 35-64 
N=202 
Mild 
hypertensives 
(SBP 140-
159mmHg) in 
Scottish 
representative 
sample 

  93 (5,100) 43 (35,50)   95 (90,100) 49 (40,57) 

 

 



Sheffield tables 

Eight studies were identified in which the updated Sheffield tables 1996 

were validated against the parent Framingham-Anderson equation.  With the 

exception of the study reported by Jones et al.64, all validation exercises were 

conducted in patients at high risk or with specific elevated risk factors.   

Five studies comparing estimates of coronary heart disease risk with 

Framingham-Anderson risk as a “gold standard” found poor sensitivity 

coupled with reasonable specificity for the updated Sheffield table 1996 at 

various thresholds of risk.27;63;64;157;225  This implies that the method is likely to 

miss a high proportion of patients who would benefit from treatment based on 

cardiovascular risk estimation.  In two studies the updated Sheffield table 

1996 estimated markedly lower risk than the Framingham-Anderson 

equation.41;224  In another study, the agreement between the two methods as 

represented by the value for kappa was found to be poor.62 

This version of the Sheffield table did not include individual values for HDL 

cholesterol but warned about inaccuracies that might arise if applied in 

patients with low HDL concentrations.230  Later versions of the Sheffield tables 

have attempted to address the limitations identified in validation studies and 

relating to restrictive inclusion criteria. 

In the primary care population undergoing assessment for CHD prevention 

studied by Jones et al., greatly improved sensitivity was observed for the new 
Sheffield table 2000 over the updated 1996 version when validated against 

the Framingham-Anderson equation.64  Good specificity was also noted.  In 

another general population sample and four higher risk groups, the sensitivity 

and specificity were also good.63;172;174;227;228  In a group of Spanish 

hypertensive patients Framingham-Anderson and new Sheffield tables 2000 

methods identified reasonably similar numbers of patients categorised at high 

risk by JNC VI criteria.226  Numbers identified as at medium risk differed 

considerably. 

Joint British societies charts 

In six studies, the Joint British societies chart 1996 showed moderate 

sensitivity for identification of individuals at higher risk according to the parent 
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Framingham-Anderson equation.27;63;64;225;228;229  In four studies the specificity 

was lower at a higher threshold of risk.63;64;228;229  In one study there was little 

difference225 and in another sensitivity was lower at a lower level of risk.27  

Broedl et al. found reasonable agreement between the two methods as shown 

by a high value for Kappa.62 

Jones et al. reported that the 2000 Joint British Societies revised chart 

showed improved sensitivity over the 1998 version in patients being assessed 

for CHD prevention.64  In patients referred for risk assessment by their general 

practitioner Rabindrath et al. also observed high diagnostic sensitivity and 

specificity.172 

Joint European societies charts 

In a study of patients referred to a lipid clinic, Durrington et al. found a broad 

agreement between 30% 10-year coronary heart disease risk calculated by 

the Joint European Societies chart 1994 and a computerised version of the 

Framingham-Anderson equation.224  However, in patients being assessed for 

CHD prevention Jones et al reported that the sensitivity and specificity of the 

Joint European Societies chart 1998 for Framingham-Anderson 5 year CVD 

risk of ≥20% were low, probably attributable to the use of assumed low HDL 

cholesterol levels.64 

Canadian nomograms 

In both a primary care population under going assessment for CHD 

prevention64 and a group of diabetic patients,63 the Canadian nomograms 

1997 had very poor sensitivity at Framingham risk of ≥30%.  However 

sensitivity and specificity were good at a lower threshold of risk.  The 

Canadian nomograms include HDL cholesterol as a risk factor and thus the 

inaccuracy caused by incorporation of a set value cannot explain the poor 

sensitivity at high levels of Framingham-Anderson risk. 

New Zealand charts 

In patients being assessed for CHD prevention, Jones et al. found poor 

sensitivity for the 1996 New Zealand chart and good specificity for high and 

medium thresholds of Framingham 5-year CVD risk.64  In the same study 

group, the updated New Zealand chart 2000 showed improved sensitivity for 
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Framingham 5-year CVD risk greater than 20% compared with the 1996 

version.64  However specificity was reduced at both medium and high 

thresholds of Framingham CVD risk. 

Studies of New Zealand chart CVD risk in populations with elevated risk 

factors show a similar lack of sensitivity at higher levels of Framingham-

Anderson CVD risk.27;63;225;228  Sensitivity was better at lower levels of 

Framingham-Anderson CVD risk but the reasonable specificity seen at higher 

levels of risk is reduced.  None of the studies in populations with elevated risk 

factors used the updated New Zealand chart 2000. 

WHO-ISH table 

Sensitivity of the WHO-ISH table was good in the study of hypertensive patients at 

two levels of Framingham-Anderson risk by Yikona et al.228  However specificity was 

poor and Persson et al.145 noted considerable overlap of Framingham-Anderson CHD 

risk scores in groups stratified by WHO-ISH classification.  The lack of specificity is 

probably associated with the simplified grading of hypertension into three categories 

and risk factor counting used in the WHO-ISH table. 

Comparison of different risk scoring methods in cross-sectional study 
designs 

Comparisons of risk scoring methods based on different prediction models in a cross 

sectional study design provides limited evidence on accuracy.  As well as direct 

comparison with correlation statistics, studies are often conducted to estimate the 

consequences for prescribing of applying a method and its specified thresholds for 

treatment.  They may also consider eligibility criteria and applicability within a 

population.  Table 7 summarises the characteristics of the validation populations and 

results in studies where risk-scoring methods based on different prediction models 

have been compared in a cross-sectional study design.  Results report: sensitivity and 

specificity at threshold s of risk with one method considered as representative of the 

validation cohort; correlation; or simple descriptive comparison. 

The comparisons of risk scores in a cross-sectional setting show wide 

variability in identifying patients by level of risk.  This suggests that methods 

vary in their estimates of absolute risk.  However it is through external 
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validation using a longitudinal study design that more reliable information on 

the accuracy of risk scoring methods can be learned. 

 



Table 7. Convergent comparison of risk-scoring methods in cross-sectional studies 

Study 
 

Risk scoring methods Population studied Results 

Bhopal et al. 200545 Framingham-Anderson CHD death 
SCORE 
FINRISK 

Age 25-74 
N=1877 
39% European 
31% South Asian 
12% Indian 
14% Pakistani 
5% Bangladeshi 
Newcastle heart project, England 
and Wales CHD and stroke 
mortality statistics 

Authors compared national SMRs for CHD with 
predicted CHD risk in different ethnic groups. 
Framingham-Anderson and FINRISK methods gave 
similar results. SCORE estimated relatively lower risk. 

Broedl et al. 200362 Framingham-Anderson CHD 
Framingham-Wilson NCEP ATPIII 
PROCAM 10-year 2002 

Mean age 47.4 (SD 14.4) 
N=100 
Patients referred to lipid/ diabetic 
clinics 

Patients at ≥20% risk of developing CHD in 10 years 
53% by Framingham-Wilson NCEP ATPIII, 34% by 
Framingham-Anderson, 22% by PROCAM (note 
PROCAM method only applicable in a minority of 
patients). 

Cappuccio et al. 
2002231 

Framingham-Anderson CHD 
Framingham-Anderson CVD 

Age 40-59 
N=1386 
Population based survey of 
patients from general practice 
with no history of CVD from 3 
ethnic groups. 

Risk of CHD and CVD correlated highly in white 
(r=0.97), south Asians (r=0.96) and African (r=0.96) 
ethnic groups. Slope of regression line was steeper in 
south Asians and Africans compared with whites. 
Authors suggest that 12% and 10% CHD thresholds for 
south Asian and African patients should be applied 
when 15% threshold recommended in white patients. 

Vilaseca Canais et al. 
199741 

Framingham-Anderson CHD 
RCVap 1993 
Dundee risk disk 
 
 
 
 

Mean age 58.8 (SD 10.2) 
N=186 
Patients receiving lipid lowering 
treatment for primary prevention 

Patients at ≥20% risk of developing CHD in 10 years 
38% by Framingham-Anderson, 38% by Dundee.  High 
risk defined as 24 points or more by RCVap was 
observed in 26% of patients. 
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Cosmea et al. 200294 
 

Framingham-Anderson JNCV/ NCEP  
PROCAM 1998 check 

Age 45-65 
N=402 
Primary care patients with no 
cardiovascular disease 

Average 10 year cardiovascular risk using Framingham-
Anderson 10.85% (SD 6.8), and using PROCAM 8.56% 
(SD 9.3). 
Pearson correlation coefficient 0.859, intra-class 
correlation coefficient 0.859. Authors note good 
correlation but increased discrepancies at higher levels 
of risk. 

De Visser et al. 200388 Framingham-Anderson CHD 
PRECARD CHD 

Age 30-65 
N=408 
Occupational cohort with no 
cardiovascular disease 

Average 10 year CHD risk using Framingham-Anderson 
4.6% (SD 5.0), and 3.2% (SD 4.1) using PRECARD. 
Correlation coefficient 0.94. From Bland-Altman plot the 
authors note increased discrepancies at higher levels of 
risk. 

Dréau et al. 200131 Framingham-Anderson CHD 
Framingham-Anderson CVD 
Framingham-Laurier recalibration 
CHD 
Copenhagen-Truelsen STROKE 
PROCAM 1996 MI 
Western Collaborative Group Study 
CHD 
Paris 1976 CHD  
Dundee 1991 CHD 
Framingham-Wolf stroke  
ERICA CHD death 
Bussleton CHD death 

Age ≥21 
N=118 
Non-obese patients with untreated 
suspected or known essential 
uncomplicated mild hypertension 

Patients at ≥20% risk of developing CHD in 10 years: 
Framingham-Anderson 10-12%, Framingham-Laurier 
recalibration 6%. Busselton method predicted ≥20% risk 
of developing CHD death in 10 years in 2% of patients. 
Framingham-Anderson CVD method predicted CVD 
events in 17% and Framingham-Wolf method predicted 
stroke in 0% of patients. Dundee, Paris, ERICA,  
PROCAM, Western Collaborative Group Study and 
Copenhagen stroke methods, were applicable in small 
numbers of patients. 

Game et al. 2001 
Diabetics232 

Framingham-Anderson CHD 
PROCAM 1993 
 
 
 
 
 

Mean age 54.7 (SD 7.25) 
N=625 
Diabetic patients undergoing CVD 
risk assessment 

Median 10 year CHD risk by Framingham-Anderson 
17.0% and by PROCAM 7.7%. 
Patients with 10 year risk ≥30% by Framingham-
Anderson 9.6% and by PROCAM 9.1%. 
Bland-Altman plot shows PROCAM estimating lower risk 
than Framingham at low levels of risk, but estimating 
higher risk at higher levels of risk. 
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PROCAM 1993 applicable in less than half of study 
group. 

Game et al. 2001 Non-
diabetics233 

Framingham-Anderson CHD 
PROCAM 1993 

Mean age 53.6 (SD 6.87) 
N=341 
Non diabetic patients undergoing 
CVD risk assessment 

Median 10 year CHD risk by Framingham-Anderson 
13.2%, and by PROCAM 6.0%. 
Patients with 10 year risk ≥30% by Framingham-
Anderson 2.3% and by PROCAM 5.3%. 
Bland-Altman plot shows PROCAM estimating lower risk 
than Framingham at low levels of risk, but estimating 
higher risk at higher levels of risk. 
PROCAM 1993 applicable in less than half of study 
group. 

Game et al. 200163 Framingham-Anderson CHD (Bayly 
computerised) 
Framingham-Wilson CHD 

Age 30-74 
N=906 
Diabetics with no pre-existing 
vascular disease 

With Framingham-Anderson as reference, at ≥27% and 
≥10% CHD risk Framingham-Wilson showed a 
sensitivity and specificity of 95% and 83%, and 97% and 
77% respectively. 

Haq et al. 199935 Framingham-Anderson CHD (Joint 
European Societies chart, Sheffield 
table updated 1996, Sheffield table 
updated 1997, New Zealand chart 
1996) 
PROCAM 1993 
WOSCOPS 1996 

Age 35-70 
N=126 
Treated hypertensive men with no 
pre-existing vascular disease 

With PROCAM as reference Framingham-Anderson 
methods not including HDL cholesterol had good 
sensitivity (90-98%) but poor specificity (37-43%). 
Methods including HDL cholesterol had good sensitivity 
(90-98%) and improved specificity (60-63%). 
WOSCOPS method had sensitivity of 59% and 
specificity of 63%). 

Haq et al. 199928 Framingham-Anderson CHD 
Dundee risk function 
BRHS 1986 
PROCAM 1993 

Age 35-75 
N=206 
Treated hypertensive men with no 
pre-existing vascular disease 

Mean 10 year CHD risk by Framingham-Anderson, 
PROCAM Dundee and BRHS were 2.3%, 2.3%, 2.2% 
and 0.6% respectively. Correlation with Framingham-
Anderson were PROCAM r=0.82, Dundee r=0.68 and 
BRHS r=0.55. With Framingham-Anderson as reference 
Bland-Altman plots showed under-estimation at low 
levels of risk and over-estimation at higher levels of risk 
with PROCAM, high variability with Dundee, and 
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systematic under-estimation with BRHS. 
Horan et al. 2004110 Framingham-Anderson (JBS 1998) 

CHD death 
SCORE 2003 CVD mortality 
 
 
 

Mean age 55.0 (SD 8.3) 
N=675 
Men and women with family history 
of premature CVD 

Authors conclude that SCORE method classifies more 
individuals at high risk and requiring primary prevention 
than Framingham-Anderson (JBS 1998). 

Jones et al. 200164 Framingham-Anderson 
Framingham-Wilson. 

Age 30-70 
N=691 
Risk assessment in primary care  

With Framingham-Anderson as reference Framingham-
Wilson showed sensitivity and specificity for >27% 10 
year CHD risk of 67.0% and 97.6% and >15% 10 year 
CHD risk of 82.4% and 93.9%. 

Laurier et al. 199453 Framingham Anderson CHD 
Paris CHD 

Age 43-53 
N=1690 
Men from PCV-METRA 
occupational cohort 

Correlation between Framingham-Anderson and Paris 
methods r=0.77. Estimated 10 year CHD risk 8.0% by 
Framingham-Anderson and 4% by Paris methods. This 
difference was used as basis for Framingham-Laurier 
recalibration. 

Megnien et al 1999149 Framingham-Anderson  
PROCAM 1994 

Age 30-74 
N=712 
Men and women from PCV-METRA 
occupational cohort 

Authors observed similar risks of MI across groups of 
waist hip ratio for Framingham-Anderson and PROCAM.  

Nanchahal et al. 
200251 

Framingham-Anderson CHD 
Framingham-D’Agostino 2000 CHD 

Age 35-74 
N=5518 
Men and women from Health 
Survey for England stratified 
random sample of the 1998 English 
population. No previous CVD 

With Framingham-D’Agostino as reference 
Framingham-Anderson showed sensitivity and 
specificity of 97.6% and 90.0% in men and 79.7% and 
96.0% in women. 

Song et al. 2004114 Framingham-Anderson (JBS 1998) 
UKPDS risk engine 2001 

Age 30-74 
N=700 
Type 2 diabetes patients without 
arterial complications and no statin 
treatment 

Mean 10 year CHD risk by Framingham-Anderson and 
UKPDS were 18.3% and 21.5% respectively. Difference 
was greater in women. With Framingham_Anderson as 
reference, a Bland-Altman plot showed increased over-
estimation by UKPDS at higher levels of risk. 

Wallis et al. 2001227 Framingham-Anderson CHD 
Framingham-Anderson CVD 

Age 35-64 
N=624 

Correlation between methods r=0.96. 
10 year CHD risk of ≥15% was similar to ≥21% CVD 
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Men and women with mild systolic 
hypertension from stratified random 
sample of Scottish population. No 
previous CVD 

risk. Agreement less good at higher levels of average of 
CHD and CVD risk but there was no trend of under or 
over estimation. 

Wierzbicki et al. 200027 Framingham-Anderson CHD 
PROCAM 1994 
Dundee 1991 
GREAT 
BRHS 

Mean age 53.8 (SD 12.3) 
N=400 
Men and women from CVD 
prevention clinic on stage-2 diet 

 
PROCAM and BRHS methods applicable in 48.5% and 
56% patients respectively 

Yeo et al 2002234 Framingham-Anderson CHD 
Framingham-Anderson CVD 

Age 35-74 
N=1364 
Mild hypertensive men and women 
from Health Survey for England 
stratified random sample of the 
1998 English population. No 
previous CVD. 

High correlation between CHD and CVD risk. 10 year 
CHD risk of ≥15% was similar to ≥20% CVD risk in men. 
Comparison was less reliable in women. 

 
 



 
 

Discussion 

Several methods have been devised aimed at facilitating the use of the Framingham-

Anderson prediction model in primary care.  These take the form of tables, charts, 

nomograms and computerised and web-based calculators.  While there is a likelihood 

that the more accurate computerised and web-based methods will be favoured in 

future, the use of a chart, table or nomogram has advantages in involving patients in 

care and avoids a “black box” approach which may leave the patient uninformed 

about the multivariate nature of cardiovascular risk. 

Convergent validation of risk scoring methods clearly shows the importance of 

including as many of the risk factors included in the Framingham Anderson as 

possible.  Early versions of the Sheffield Tables and the Joint European Societies 

charts did not include individual values for HDL cholesterol in the risk calculation 

and the sensitivity of the methods were found to be poor.  The WHO-ISH 1999 table 

probably suffers from over-simplification of the Framingham-Anderson model with 

risk factor counting substituting for continuous clinical variables.  The 1997 Canadian 

nomograms included HDL cholesterol in their risk calculation but were very poor at 

identifying patients at high levels of risk.   

The New Zealand charts tend to have only moderate sensitivity and specificity but 

have the advantage over other derived methods in providing assessment of 

cardiovascular risk. 

More recent Sheffield tables and Joint British charts, which include HDL cholesterol, 

show reasonable sensitivity and specificity compared with the full Framingham-

Anderson model.   

Overall, sensitivity of simplified methods is moderate but is improved with inclusion 

of all risk factors.  With good specificity, this implies that simplified methods are 

good at identifying patients at high risk for cardiovascular disease if their risk is above 

a defined threshold, but not so reliable at ruling out with certainty those with risk 

predicted to be below the threshold. 

Comparisons of different risk scoring methods in a cross-sectional study design 

highlight the importance of external validation in longitudinal studies.  They do 
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however show considerable variation in numbers of patients at specified thresholds of 

risk and suggest that methods may vary in estimation of absolute risk. 

Summary 

• Risk scoring charts and tables that substitute HDL-cholesterol measurement 

for average values do not accurately reflect risk as estimated using the full 

prediction model 

• Over-simplification of methods influences sensitivity and specificity 

unfavourably 

• Risk tables and charts should use complete information, in particular HDL 

cholesterol, if they are to be considered as a valid alternative to a parent risk 

equation 

• Charts and tables with complete risk factor information can be used as a 

simplified form of a risk function 
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External validation of cardiovascular risk 
scores to evaluate the generalisability of 
risk scoring methods in different 
populations 

Methods 

Inclusion criteria 

Two types of investigation: 

1. Use of risk score in a different population using a longitudinal study 

design (longitudinal) 

2. Comparison of predicted risk in a population with observed risk from 

population statistics (cross-sectional)  

Data extraction 

Once the decision had been made to include a study in the review, two reviewers 

independently extracted relevant data on to the data extraction form shown in 

Appendix 5.  Information was extracted relating to: characteristics of the cohort in 

which the prediction model was derived if applicable, inclusion and exclusion criteria, 

patient characteristics and risk factors included in the risk score, outcomes, the 

prediction period, statistical methods and the practical application of the method. 

Results 

The flow of articles through the review process is shown in Figure 4 in accordance 

with Quality Of Reporting Of Meta-analyses (QUOROM).23  Of 3439 publications 

identified from searches as potentially relevant to risk scoring methods, 2443 were 

excluded after screening of title and abstract, with 996 acquired for detailed 

evaluation.  Sixty-two articles described external validation of risk scoring methods 

for use in targeting primary prevention of cardiovascular diseases in a total of 122 
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population groups.  These are described in detail in Appendix 6.  External validation 

of Framingham-based risk scoring methods was reported in 112 different population 

groups and of other methods in 38 population groups.  

Data synthesis 

To assess the true generalisability of risk scores to other populations, it is important to 

test their accuracy in studies that include a range of population characteristics.  

Consequently, an ‘a priori’ judgement was made concerning the most likely sources 

of heterogeneity in the generalisability of risk scores.  These are summarised in Table 

8. 
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Figure 4. QUOROM flow diagram: external validation of 
cardiovascular risk scores to evaluate the generalisability of 
risk scoring methods in different populations 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publications identified and screened 
for retrieval 
 

3439 

Publications retrieved for more 
detailed evaluation 
 

996 
Publications excluded 
on basis of full article 

934 
Studies included in  
external validation review  
 
   62 articles 
 122 population groups 
 

112 population groups with 
  validation of Framingham 
  methods 
 

   38 population groups with 
  validation of other methods

Publications excluded 
on the basis of title and 
abstract 

2443 
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Table 8. Possible sources of heterogeneity in external 

validation studies 

Different equations 
being assessed  

-Cohort examination 
-Predictive model 
-Method of derivation 
 

Definition of 
outcomes: 
 

-All coronary heart disease events 
-All cardiovascular disease events 
-Coronary heart disease mortality 
-Cardiovascular disease mortality 
-‘Hard’ coronary heart disease (coronary death and  
   myocardial infarction) 
-Fatal and non-fatal myocardial infarction 
 
-Geographical region of test population 
-Inclusion/exclusion criteria e.g. previous history of coronary heart 
disease 
-Observed disease risk  
-Comorbidity -Previous history of cardiovascular  

  disease 
-Diabetes 
-Hypertension 
-Hyperlipidaemia 

-Types of population 
 

-Community-based and screening 
-Occupational 
-Randomised controlled trials 
-Specific patient groups  

-Baseline date  
-Male/female proportion  
-Age  
-Socio-economic status  

Population 
characteristics: 
 

-Ethnicity  
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Quantitative data assessment was attempted where possible.  Meta-
analyses of predicted: observed ratios were performed using random 
effects models and displayed in forest plots.  Chi-square tests for 
heterogeneity for all meta-analyses were highly significant (p<0.00001) 
apart from the meta-analysis of validation studies in diabetic 
populations (p<0.24), due to the expected sources of heterogeneity 
described in Table 8.  Separate forest plots are shown for each potential 
source of heterogeneity with appropriate sensitivity analyses.   

The primary purpose of the forest plots in this review is to provide a visual 

display of possible trends and to highlight outlying studies, rather than placing 

emphasis on the pooling the results.  The pooled estimates are shown but 

have limited value in light of the observed heterogeneity of studies.  Meta-

regression was not performed for four main reasons.  First, the risk of finding 

false associations would be high in view of the lack of individual patient data 

and because the candidate covariates would be chosen on the basis of 

seeing the data.  Although collecting individual data would theoretically be 

possible, to do so would have been huge task and added considerably to the 

review.  Second, an appropriate meta-regression would require an 

assessment of the distribution of the predicted: observed ratios that would 

then need to be correctly weighted.  Third, the results of a meta-regression 

would only refer to the epidemiology of the studies and drawing conclusions 

for the use of risk scores in individuals are very likely to be subject to 

confounding.235  Finally, the clinical value of finding statistically significant 

associations between potential causes of heterogeneity and the calibration of 

a Framingham risk score is debatable. 

Most external validation studies were of Framingham-based methods.  
Evaluations of the Framingham-Anderson, Wilson, D’Agostino 2001, 
Abbott, Liao 1999, Truett, Kannel, Leaverton, McGee, Thomsen and Liao 
2002 were conducted in 34, 16, 15, 9, 4, 2, 1, 4, 1, 1 and 25 population 
groups respectively. 

External validation studies of several other scores, notably PROCAM, 
SCORE, Dundee and UKPDS methods were also identified. 
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External validation of Framingham-based cardiovascular risk scores 

Reports of external validation of Framingham-based risk scores are 
summarised in Table 9.  Studies are grouped by population type, any 
anticipated source of heterogeneity as described in Table 8: community, 
occupational, diabetics, specific patient groups and participants in 
randomised controlled trials.   

Any information on calibration and discrimination is summarised in 
Table 10, specifically: the numbers of predicted and observed events 
and the predicted to observed ratio; and the area under the receiver 
operating characteristics curve (AUROC).   

The validation study of Truelsen et al. 199436 is not included as this 
evaluated the Framingham-Wolf model that relates to the specific 
outcome of stroke.



 
 

Table 9. External validation studies of Framingham risk scoring methods 

Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

Community studies 
 
Australia, Knuiman 
199730 

Busselton Study Leaverton 
1987 

Men  100% 
men 

40-
74 

1966-1981 CHD death Longitudinal 

Australia, Knuiman 
199730 

Busselton Study Leaverton 
1987 

Women 0% men 40-
74 

1966-1981 CHD death Longitudinal 

Australia, Simons 
200339 

Dubbo Study, Australia Wilson 1998 Men 100% 
men 

60-
79 

1988 CVD (MI, 
stroke, 
coronary 
death) 

Longitudinal 

Australia, Simons 
200339 

Dubbo Study, Australia Wilson 1998 Women 0% men 60-
79 

1988 CVD (MI, 
stroke, 
coronary 
death) 

Longitudinal 

Belgium, De Henauw 
2000236 

MONICA Belgium-Charleroi/ 
Ghent 

Anderson 1991  Approx 
50% 
men 

25-
64 

1985-1992 CHD Cross-
sectional  

China, Liu 2004128 Chinese Multi-Provincial 
Cohort Study 

D’Agostino 
2001 

Men 100% 
men 

35-
64 

1992-1999 CHD Longitudinal 
Limited data 

China, Liu 2004128 Chinese Multi-Provincial 
Cohort Study 

D’Agostino 
2001 

Women 0% men 35-
64 

1992-1999 CHD Longitudinal 
Limited data 

Denmark, Liao 
2002134 

Glostrup Population Studies Liao 2002  100% 
men 

39-
71 

 CHD death  

Denmark, Schroll 
198168 

Glostrup Population Studies Kannel 1976  54% 
men 

50 1964 1. CVD 
2. MI 

Longitudinal 
Limited data 

Denmark, Thomsen 
2002137 

Glostrup PopulationStudies Thomsen 2002  50% 
men 

49-
70 

1978-1992 CHD death Longitudinal 

Germany, Hense WHO MONICA Augsburg Anderson 1991 Men 100% 35- 1984 CHD (not Longitudinal 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

2003237 men 64 including 
silent and 
unrecognise
d MI) 

Germany, Hense 
2003237 

WHO MONICA Augsburg Anderson 1991 Women 0% men 35-
64 

1984 CHD (not 
including 
silent and 
unrecognise
d MI) 

Longitudinal 

Hawaii, Liao 2002 134 Honolulu heart program Liao 2002 Japanese 
American 

100% 
men 

45-
68 

 CHD death Longitudinal 
Limited data 

Iceland, Liao 2002134 Reykjavik study 
 
 

Liao 2002 Men 10% 
men 

36-
74 

 CHD death Longitudinal 
Limited data 

Iceland, Liao 2002134 Reykjavik study Liao 2002 Women 0% men 36-
74 

 CHD death Longitudinal 
Limited data 

Israel, Liao 2002134 Israeli ischaemic heart 
disease 

Liao 2002  100% 
men 

40-
73 

 CHD death Longitudinal 
Limited data 

Italy, Ferrario 200537 CUORE cohorts project. 11 
of 17 Italian cohorts 

Wilson 1998  100% 
men 

35-
69 

1983-1996 CHD Longitudinal 
Limited data 

Italy, Menotti 2000238 Seven Countries Study – 
Italian Rural Areas Study 
Crevalcore & Montegiorgio 

Anderson 1991  100% 
men 

40-
59 

1960 CHD Longitudinal 
Limited data 

Netherlands, Nijhuis 
2002239 

Rotterdam Study Anderson 1991 Age 55-69 39% 
men 
(overall 
in 
study) 

55-
69 

1990-1993 CHD Longitudinal 
Limited data 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

Netherlands, Nijhuis 
2002239 

Rotterdam Study Anderson 1991 Age 69-80 39% 
men 
(overall 
in 
study) 

69-
80 

1990-1993 CHD Longitudinal 
Limited data 

Netherlands, van der 
Meer 2003197;240 

Rotterdam Study Anderson 1991  61% 
men 

55+ 1990 MI Longitudinal 
Case-control 

Norway, Liao 2002134 Norwegian counties study Liao 2002 Men 100% 
men 

35-
49 

 CHD death Longitudinal 
Limited data 

Norway, Liao 2002134 Norwegian counties study Liao 2002 Women 0% men 35-
49 

 CHD death Longitudinal 
Limited data 

Puerto Rico, Liao 
2002134 

Puerto Rico heart health 
program 

Liao 2002 Urban 100% 
men 

35-
74 

 CHD death Longitudinal 
Limited data 

Puerto Rico, Liao 
2002134 

Puerto Rico heart health 
program 

Liao 2002 Rural 100% 
men 

35-
74 

 CHD death Longitudinal 
Limited data 

Spain, Marrugat 
2003101;241 

Gerona D’Agostino 
2001 

Men  100% 
men 

35-
74 

1995 CHD (non-
fatal MI and 
coronary 
death) 

Cross-
sectional  

UK, Brindle 2003242 Renfrew Paisley Study Anderson 1991 Non-manual 
occupational 
coding 

46% 
men 
(overall 
in 
study) 

45-
64 

1972-1976 1. CVD death 
2. CHD death 

Longitudinal 

UK, Brindle 2003242 Renfrew Paisley Study 
 
 
 

Anderson 1991 Manual 
occupational 
coding 

46% 
men 
(overall 
in 
study) 

45-
64 

1972-1976 1. CVD death 
2. CHD death 

Longitudinal 

UK, Brindle 2003243 British Regional Heart Study Anderson 1991  100% 
men 

40-
59 

1978 1. CHD death 
2. CHD 
(excluding 

Longitudinal 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

unrecognise
d MI) 

UK, Brindle 2004244 Caerphilly and Speedwell 
Studies 

Anderson 1991 1979-1983 100% 
men 

45-
63 

1979 1. CHD  
2. CHD death 
3. CVD death 

Longitudinal 

UK, Brindle 2004244 Caerphilly and Speedwell 
Studies 

Anderson 1991 1982-1988 100% 
men 

47-
67 

1982 1. CHD  
2. CHD death 
3. CVD death 

Longitudinal 

UK, Chambers 
2001245 

West London Anderson 1991  100% 
men 

35-
60 

1995-1998 CHD Cross-
sectional 

UK, Liao 2002134 Renfrew and Paisley study Liao 2002 Men 100% 
men 

45-
64 

 CHD death Longitudinal 
Limited data 

UK, Liao 2002134 Renfrew and Paisley study Liao 2002 Women 0% men 45-
64 

 CHD death Longitudinal 
Limited data 

UK, Liao 2002134 Scottish collaborative study Liao 2002  100% 
men 

35-
72 

 CHD death Longitudinal 
Limited data 

UK, Quirke 2003246 Health Surveys for England 
1988 and 1999 

Wilson 1998  48% 
men 

35-
74 

1998-1999 CHD Cross-
sectional 

UK, Ramachandran 
2000247 

Whickham Study Anderson 1991  44% 
men 

30-
75 

1972 CHD Longitudinal 

USA, D’Agostino 
2001129 

Atherosclerosis Risk in 
Communities Study (ARIC) 

D’Agostino 
2001 

White 100% 
men 

44-
66 

1987-1988 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Atherosclerosis Risk in 
Communities Study (ARIC) 

D’Agostino 
2001 

Black 0% men 44-
66 

1987-1988 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Atherosclerosis Risk in 
Communities Study (ARIC) 

D’Agostino 
2001 

White 100% 
men 

44-
66 

1987-1988 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Atherosclerosis Risk in 
Communities Study (ARIC) 

D’Agostino 
2001 

Black 0% men 44-
66 

1987-1988 CHD Comparison 
of risk 
functions 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

USA, D’Agostino 
2001129 

Honolulu Heart Program D’Agostino 
2001 

 100% 
men 

51-
81 

1980-1982 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Puerto Rico Heart Program D’Agostino 
2001 

 100% 
men 

35-
74 

1965-1968 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Strong Heart Study D’Agostino 
2001 

Men 100% 
men 

45-
75 

1989-1991 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Strong Heart Study D’Agostino 
2001 

Women 0% men 45-
75 

1989-1991 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Cardiovascular Health study D’Agostino 
2001 

Men 100% 
men 

65-
74 

1989-1990 CHD Comparison 
of risk 
functions 

USA, D’Agostino 
2001129 

Cardiovascular Health study D’Agostino 
2001 

Women 0% men 65-
74 

1989-1990 CHD Comparison 
of risk 
functions 

USA, Katz 1993122 Tecumseh Community 
Health Study 

McGee 1976  100% 
men 

40-
54 

1959-1969 Death from 
all causes 

Longitudinal 
Limited data 

USA, Leaverton 
1987132 

NHANES 1 Leaverton 
1987 

Men  100% 
men 

40-
74 

1971-1975 CHD death Longitudinal 
Limited data 

USA, Leaverton 
1987132 

NHANES 1 Leaverton 
1987 

Women 0% men 40-
74 

1971-1975 CHD death Longitudinal 
Limited data 

USA, Liao 1999133 NHANES 1 Liao 1999 Men 100% 
men 

35-
69 

1971-1975 CHD death Longitudinal 

USA, Liao 1999133 NHANES 2 Liao 1999 Men 100% 
men 

35-
69 

1976-1980 CHD death Longitudinal 

USA, Liao 1999133 NHANES 2 Liao 1999 Women 0% men 35-
69 

1976-1980 CHD death Longitudinal 
Limited data 

USA, Liao 1999133 NHANES 1 Liao 1999 Women 0% men 35-
69 

1971-1975 CHD death Longitudinal 
Limited data 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

USA, Liao 2002134 NHANES 1 Liao 2002 Men  100% 
men 

35-
74 

 CHD death Longitudinal 
Limited data 

USA, Liao 2002134 NHANES 1 Liao 2002 Women  0% men 35-
74 

 CHD death Longitudinal 
Limited data 

USA, Liao 2002134 NHANES 2 Liao 2002 Men  100% 
men 

35-
74 

 CHD death Longitudinal 
Limited data 

USA, Liao 2002134 NHANES 2 Liao 2002 Women  0% men 35-
74 

 CHD death Longitudinal 
Limited data 

USA, Liao 2002134 Tecumseh community health study Liao 2002 Men  100% 
men 

35-
74 

 CHD death Longitudinal 
Limited data 

USA, Liao 2002134 Tecumseh community health study Liao 2002 Women  0% men 35-
74 

 CHD death Longitudinal 
Limited data 

Yugoslavia, Liao 2002134 Yugoslavia cardiovascular disease 
study 

Liao 2002 Rural 100% 
men 

35-
62 

 CHD death Longitudinal 
Limited data 

Yugoslavia, Liao 2002134 Yugoslavia cardiovascular disease 
study 

Liao 2002 Urban 100% 
men 

35-
62 

 CHD death Longitudinal 
Limited data 

Combined community and occupational studies 
 

 

New Zealand, Milne 
2003248;249 

Fletcher-Challenge – 
University of Auckland Heart 
and Health Study 

Anderson 1991 Men 100% 
men 

35-
74 

1992 CVD (death 
or 
hospitalisati
on) 

Longitudinal 

New Zealand, Milne 
2003248;249 

Fletcher-Challenge – 
University of Auckland Heart 
and Health Study 

Anderson 1991 Women 0% men 35-
74 

1992 CVD (death 
or 
hospitalisati
on) 

Longitudinal 

Northern Ireland, 
Empana 2003250 

PRIME, Belfast Wilson 1998  100% 
men 

50-
59 

1991-1993 CHD (MI, 
coronary 
death, 
angina 
pectoris) 

Longitudinal 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

Occupational studies  
 
France, Empana 
2003250 

PRIME, France Wilson 1998  100% 
men 

50-
59 

1991-1993 CHD (MI, 
coronary 
death, 
angina 
pectoris) 

Longitudinal 

Germany, Assmann 
200295 

PROCAM, Munster Wilson 1998  100% 
men 

35-
65 

1979-1985 
 

CHD (definite 
fatal or non-
fatal MI, 
sudden 
cardiac 
death) 

Longitudinal 

Germany, Hense 
2003237 

PROCAM, Munster Anderson 1991 Men 100% 
men 

35-
64 

1979 CHD (not 
including 
silent and 
unrecognise
d MI) 

Longitudinal 

Germany, Hense 
2003237 

PROCAM, Munster Anderson 1991 Women 0% men 35-
64 

1979 CHD (not 
including 
silent and 
unrecognise
d MI) 

Longitudinal 

Germany, Schulte 
1991251 

PROCAM, Munster Abbott 1987  100% 
men 

40-
65 

1979-1985 CHD (fatal, 
non-fatal, no 
ECG) 

Longitudinal 

Japan, Suka 2001252  Wilson 1998  100% 
men 

30-
59 

1991-1993 Non-fatal 
CHD 

Longitudinal 
Limited data 

Korea, Jee 2003253 Korean Medical Insurance 
Corporation study 

Anderson 1991 Men 100% 
men 

35-
59 

1990-1992 CHD (fatal & 
non-fatal) 

Longitudinal 
Limited data 

Korea, Jee 2003253 Korean Medical Insurance 
Corporation study 

Anderson 1991 Women 0% men 35-
59 

1990-1992 CHD (fatal & 
non-fatal) 

Longitudinal 
Limited data 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

 
USA, Brand 1976154 Western Collaborative Group Truett 1967 Age 39-49 100% 

men 
39-
49 

1960-1961 CHD Longitudinal 

USA, Brand 1976154 Western Collaborative Group 
 

Truett 1967 Age 50-59 100% 
men 

50-
59 

1960-1961 CHD Longitudinal 

USA, Greenland 
2004127 

Chicago Heart Association 
Detection Project in Industry 

Wilson 1998 Age 18-29 100% 
men 

18-
29 

1967-1973 CHD death Longitudinal 
Limited data 

USA, Greenland 
2004127 

Chicago Heart Association 
Detection Project in Industry 

Wilson 1998 Age 30-39 100% 
men 

30-
39 

1967-1973 CHD death Longitudinal 
Limited data 

France and Sweden, 
Simon 1997254 

Renault Volvo Coeur Study Anderson 1991  100% 
men 

45-
50 

1993 CHD Comparison 
of 
populations 

Diabetics 
 

 

Greece, Protopsaltis 
2004113  

 Wilson 1998 Diabetics 47% 
men 

Not 
repo
rted 
 

Not reported CHD Longitudinal 
Limited data 

UK, Guzder 2002255 Poole Anderson 1991 Newly 
diagnosed 
diabetics 

57% 
men 

30-
74 

1996 CVD Longitudinal 

Wales, McEwan 
2004256 

Cardiff Diabetes Database Anderson 1991 Newly 
diagnosed 
diabetics: men 

100% 
men 

30-
74 

1996 CHD Longitudinal 

Wales, McEwan 
2004256 

Cardiff Diabetes Database Anderson 1991 Newly 
diagnosed 
diabetics: 
women 

0% men 30-
74 

1996 CHD Longitudinal 

Specific patient groups 
 

 

Germany, Schulz 
2003257 

 Wilson 1998 Patients with 
CHD negative 

100% 
men 

Mea
n 

1992 MI (fatal and 
non-fatal) 

Longitudinal 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

coronary 
angiography  

age 
53 

USA, Aktas 2004109 Cleveland Clinic Foundation 
 

D’Agostino 
2001 

Self-referral 81% 
men 

50-
75 

1990-2002 All causes of 
death 

Longitudinal 
Limited data 

USA, Becker 2001258 
 

John Hopkins Sibling Study Wilson 1998 Family history 
of premature 
CHD 

52% 
men 

30-
59 

1983- CHD Longitudinal 

USA, Blumenthal 
2003259 
 

John Hopkins Sibling Study 
 
 
 
 

Wilson 1998 Family history 
of premature 
CHD 

64% 
men 

Mea
n 
age 
46 

 CHD Longitudinal 

USA, Greenland 
2004260 

South Bay Heart Watch. Los 
Angeles 

Wilson 1998 High risk 90% 
men 

>45 1990-1992 CHD (non-
fatal MI and 
CHD death) 

Longitudinal 

USA, Orford 2000261 Normative Aging Study, 
Boston 
 

Wilson 1998 Healthy 
volunteers 

Men 
and 
women 

30-
74 

1961-1970 CHD Longitudinal 
Limited data 

USA, Orford 2002262 Normative Aging Study, 
Boston 

Wilson 1998 Health check 
volunteers 

100% 
men 

30-
74 

1961-1970 CHD Longitudinal 

USA, Orford 2002262 Normative Aging Study, 
Boston 

Anderson 1991 Health check 
volunteers 

100% 
men 

30-
74 

1961-1970 CHD Limited data 

Japan, Furuya 
2001263 
 

Kanagawa Anderson 1991 Health check 
volunteers 

31% 
men 

 1998 CHD Cross-
sectional 

Randomised controlled trials 
 

 

Belgium, Kornitzer 
200067 

Belgian Physical Fitness 
Study 

Anderson 1991 Men 100% 
men 

40-
55 

1980 CHD death Longitudinal 
Limited data 

Belgium, Kornitzer 
200067 

Belgian Physical Fitness 
Study 

Anderson 1991 Women 0% men 40-
55 

1980 CHD death Longitudinal 
Limited data 

Finland, Assmann Helsinki Heart Study Abbott 1987 Assymptomati 100% 40- 1973- CHD Longitudinal 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

1990146 c primary 
dyslipidaemia; 
gemfibrozil 

men 55 

Finland, Assmann 
1990146 

Helsinki Heart Study Abbott 1987 Assymptomati
c primary 
dyslipidaemia: 
control group 

100% 
men 

40-
55 

1973- CHD Longitudinal 

Finland, Grover 
1992264 

Helsinki Heart Study Abbott 1987 Assymptomati
c primary 
dyslipidaemia; 
gemfibrozil 

100% 
men 

40-
55 

1973- CHD death Longitudinal 

Finland, Grover 
1992264 

Helsinki Heart Study 
 
 
 
 
 

Abbott 1987 Assymptomati
c primary 
dyslipidaemia; 
control group 

100% 
men 

40-
55 

1973- CHD death Longitudinal 

North America, 
Grover 1992264 

Lipid Research Clinics Abbott 1987 Hyper-
cholesterolae
mia: 
cholestyramin
e 

100% 
men 

35-
59 

1972-1976 CHD death Longitudinal 

North America, 
Grover 1992264 

Lipid Research Clinics Abbott 1987 Hyper-
cholesterolae
mia: control 
group 

100% 
men 

35-
59 

1972-1976 CHD death Longitudinal 

North America, 
Grover 1995213 

Lipid Research Clinics Abbott 1987 Hyper-
cholesterolae
mia 

Men 
and 
women 

35-
74 

1972-1976 CHD death Longitudinal 
Limited data 

North America, 
Grover 2000265 

Lipid Research Clinics  Anderson 1991 Hyper-
cholesterolae
mia 

Men 
and 
women 

40-
70 

1972-1976 CHD death Longitudinal 
Limited data 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

North America, Liao 
2002134 

Lipid Research Clinics Liao 2002 Random 
sample 

100% 
men 

35-
74 

 CHD death  

North America, Liao 
2002134 

Lipid Research Clinics  Liao 2002 Hyper-
lipidaemics 

100% 
men 

35-
74 

 CHD death  

Scandinavia, UK, 
USA, Kjeldsen 
2000266 

Losartan Intervention For 
Endpoint reduction in 
hypertension study (LIFE) 

Anderson 1991 Essential 
hypertension 
and ECG-LVH 

46% 
men 
(overall 
in 
study) 

55-
80 

1995-1997 CVD (MI, 
stroke, CV 
death) 

Longitudinal 

UK, WOSCOPS 
1998267 

WOSCOPS Anderson 1991 Moderate 
hyper-
cholesterol-
aemia: 
pravastatin 

100% 
men 

45-
64 

1989-1995 CVD Longitudinal 

UK, WOSCOPS 
1998267 

WOSCOPS Anderson 1991 Moderate 
hyper-
cholesterol-
aemia: control 

100% 
men 

45-
64 

1989-1995 CVD Longitudinal 

USA, Ferrucci 2001200 Systolic Hypertension in the 
Elderly Program 
 

Wilson 1998 Isolated 
systolic 
hypertension 

42% 
men 

60+ 1985-1988 CVD Longitudinal 
Limited data 

USA, Grover 1992264 MRFIT Abbott 1987 Multiple risk 
factor 
intervention 
group 

100% 
men 

35-
57 

1973-1976 CHD death Longitudinal 

USA, Grover 1992264 MRFIT Abbott 1987 Control group 100% 
men 

35-
57 

1973-1976 CHD death Longitudinal 

USA, Liao 2002134 Hypertension detection and 
follow-up program regular 
care 

Liao 2002  100% 
men 

35-
69 

 CHD death Longitudinal 
Limited data 

USA, Liao 2002134 Hypertension detection and 
follow-up program regular 

Liao 2002  0% men 35-
69 

 CHD death Longitudinal 
Limited data 
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Type of study 
Location  
First author 

Name of cohort  Framingham 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Outcome Design of 
validation 
Notes 

care 
USA, Liao 2002 MRFIT usual care group Liao 2002  100% 

men 
35-
58 

 CHD death Longitudinal 
Limited data 

Western Europe & 
Israel, Bastuji-Garin 
2002142;268 

INSIGHT Anderson 1991 All patients on 
anti-
hypertensives 

45% 
men 

55-
74 

1994 1. CHD 
2. CVD 
3. Stroke 

Longitudinal 
 

USA, D’Agostino 
2001129 

Physicians’ Health Study D’Agostino 
2001 

Aspirin and 
control group 

100% 
men 

40-
74 

1982-1984 CHD Comparison 
of risk 
functions 
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Table 10. Framingham external validation studies: calibration (P:O) and discrimination (AUROC) data 

 
Forest plot
label 

Group 
 

Cohort 
 

Outcome 
 

Total 
Pred 

Pred 
 

Total 
Obs 

Obs 
 

Follow 
up 

Rate 
 

P:O 
 

AUROC 
 

Framingham Anderson             
Belgium De Henauw 2000236   Community CHD         
Belgium Kornitzer 200067  Men Trial CHD 

death 
2186  2186 23 10 1.05   

Belgium Kornitzer 200067  Women Trial CHD 
death 

1758  1758 10 10 0.57   

France & Sweden Simon 
1997254 

  Occupational CHD         

Germany Augsburg Hense
2003237 

 Germany Au Hense
men 

Men Community CHD 2861 292 2861 146 10.5 4.86 2.0 0.78 

Germany Augsburg Hense
2003237 

 Germany Au Hense
wom 

Women Community CHD 2925 82 2925 32 10.5 1.04 2.5625 0.88 

Germany Munster Hense
2003237 

 Germany Mu Hense
men 

Men Occupational CHD 5527 544 5527 307 11.6 4.79 1.772 0.73 

Germany Munster Hense
2003237 

 Germany Mu Hense
wom 

Women Occupational CHD 3155 89 3155 31 11.1 0.89 2.871 0.77 

Italy Ferrario 200537   Community CHD         
Italy Menotti 2000238   Community CHD         
Japan Furuya 2001263   Health check CHD     2    
Korea Jee 2003253  Men Occupational CHD 115682  115682 1648 8 1.78   
Korea Jee 2003253  Women Occupational CHD 67993  67993 433 8 0.8   
N Europe & USA Kjeldsen
2000266 

 N Europe/USA Kjeldse 

 Trial CVD 9194 410 9194 479 1 52.1 0.8559  
Netherlands Nijhuis 2002239  Age 55-69Community CHD     7   0.708 
Netherlands Nijhuis 2002239  Age 69-80Community CHD     7   0.663 
NL van der Meer 2003197   Community MI        0.75 
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Forest plot
label 

Group 
 

Cohort 
 

Outcome 
 

Total 
Pred 

Pred 
 

Total 
Obs 

Obs 
 

Follow 
up 

Rate 
 

P:O 
 

AUROC 
 

North America Grover 2000265 
 

 
Trial CHD 

death 4174  4174  12.2   0.83 
NZ Milne 2003248 NZ Milne men Men Community CVD 4638 277 4638 325 5 14 0.8523 0.74 
NZ Milne 2003248 NZ Milne women Women Community CVD 1716 79 1716 86 5 10 0.9186 0.77 

Scotland Brindle 2003242 
Scotland Brindle nm Non 

manual 
Community CHD 

death 
4723 101 4723 130 10 2.75 0.7769 0.744 

Scotland Brindle 2003242 
Scotland Brindle m Manual Community CHD 

death 
7581 203 7581 363 10 4.79 0.5592 0.72 

Scotland Brindle 2003242 
Scotland Brindle nm Non 

manual 
Community CVD death 4723 132 4723 191 10 4.04 0.6911  

Scotland Brindle 2003242 Scotland Brindle m Manual Community CVD death 7581 263 7581 505 10 6.66 0.5208  

Scotland WOSCOPS 1998267 
Scotland WOSCOPS
Pra 

Pravastat
in 

Trial CHD 1803 103 1803 81 4.4 10.2 1.2716  

Scotland WOSCOPS 1998267 
Scotland WOSCOPS
con 

Placebo Trial CHD 1251 95 1251 88 4.4 16 1.0795  

UK Brindle 2003243 UK Brindle CHD  Community CHD 6643 1062 6643 677 10 10.2 1.5687  

UK Brindle 2003243 
UK Brindle CHD  Community CHD 

death 
6643 270 6643 183 10 2.75 1.4754 0.73 

UK Caerphilly/ Speedwell
Brindle 2004244 

 UK Brind C/S 79 CHD D 1979-82  Community CHD 
death 

3213 149 3213 154 10 4.79 0.9675 0.69 

UK Caerphilly/ Speedwell
Brindle 2004244 

 UK Brind C/S 79 CHD 1979-82  Community CHD 3213 343 3213 276 10 8.59 1.2428 0.66 

UK Caerphilly/ Speedwell
Brindle 2004244 

 UK Brind C/S 79 CVD D 1979-82  Community CVD death 3213 151 3213 190 10 5.91 0.7947 0.7 

UK Caerphilly/ Speedwell
Brindle 2004244 

 UK Brind C/S 82 CHD D 1982-88  Community CHD 
death 

2467 167 2467 120 10 4.86 1.3917 0.7 

UK Caerphilly/ Speedwell
Brindle 2004244 

 UK Brind C/S 82 CVD D 1982-88  Community CVD death 2467 183 2467 158 10 6.4 1.1582 0.71 

UK Caerphilly/ Speedwell
Brindle UK, 2004244 

 UK Brind C/S82 CHD 1982-88  Community CHD 2467 325 2467 238 10 9.65 1.3655 0.68 

UK Chambers 2001245   Community CHD         
UK Guzder 2002255 UK Diabet Guzder  Diabetics CVD 428 64 428 96 4.2 53.4 0.6667  
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up 
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UK McEwan 2004256 
UK McEwan diabet
men 

Men Diabetics CHD 542 52 542 105 4 48.4 0.4952 0.64 

UK McEwan 2004256 
UK McEwan diabet
wom 

Women Diabetics CHD 396 31 396 67 4 42.3 0.4627 0.66 

UK Ramachandran 2000247 UK Ramachandran  Community CHD 1700 401 1700 529 20 15.6 0.758  
USA Orford 2002262   Community CHD 1393  1393 206 10 14.8  0.58 
W Europe & Israel Bastuji-
Garin 2002142 

Europe Bastuji CVD  Trial CVD 4127 601 4127 231 3.7 15.1 2.6017  

W Europe & Israel Bastuji-
Garin 2002142 

Europe Bastuji CHD  Trial CHD 4127 285 4127 124 3.7 8.12 2.2984 0.66 

Framingham Wilson             
Australia Simons 200339 Australia Simons men Men Community CVD 755 115 755 105 10 13.9 1.0952  
Australia Simons 200339 Australia Simons wom Women Community CVD 1045 94 1045 87 10 8.33 1.0805  
England Quirke 2003246   Community CHD         
France Empana 2003250 France Empana  Community &

occupational
 CHD 7359 463 7359 197 5 5.35 2.3503 0.68 

Germany Assmann 200295   Occupational CHD 5389  5389 325 10 6.03  0.78 
Germany Schulz 2003257 Germany Schulz  Angiography CHD 42 6 42 10 10 23.8 0.6  
Greece Protopsaltis 2004113   Diabetics CHD 339  339 108 10 31.9  0.65 
Japan Suka 2001269   Occupational CHD non

fatal 
 5611  5611 80 6 2.38  0.71 

Norther Ireland Empana
2003250 

 NI Empana 

 
Community 

CHD 2399 161 2399 120 5 10 1.3417 0.66 

USA Becker 2001258 
US Becker 

 
Family 
history CHD 736 64 736 95 6.3 20.5 0.6737 0.746 

USA Blumenthal 2003259 
USA Blumen total CHD

 
Family 
history CHD total 256 24 256 56 10 21.9 0.4286  

USA Blumenthal 2003259 
 

 
Family 
history CHD hard 256 20 256 28 10 10.9 0.7143  

USA Ferrucci 2001200   Trial CVD 4189  4189 669 4.5 35.5   
USA Greenland 2004260 USA Greenland 2004  Community CHD 1029 115 1029 84 7 11.7 1.369 0.63 
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P:O 
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USA Greenland 2004127 
 

18-29 
Community CHD 

death 5245  5245 85 30 0.54   

USA Greenland 2004127 
 

30-39 
Community CHD 

death 5449  5449 195 30 1.19  0.63 
USA Orford 2002262 USA Orford ESC  Health check CHD 1393 222 1393 206 10 14.8 1.0777 0.6 
USA, Orford 2000261   Health check          
Framingham D'Agostino 2001             
ARIC D'Agostino 2001129  Black 

men 
Community CHD 1428  1428 46 5 6.44  0.67 

(0.70)* 
ARIC D'Agostino 2001129  White 

men 
Community CHD 4705  4705 149 5 6.33  0.75 

(0.76)* 
ARIC D'Agostino 2001129  Black 

women 
Community CHD 2333  2333 38 5 3.26  0.79 

(0.85)* 
ARIC D'Agostino 2001129  White 

women 
Community CHD 5712  5712 52 5 1.82  0.83 

(0.84)* 
Cardiovascular HS D'Agostino
2001129 

  Men Community CHD 956  956 71 5 14.9  0.63 
(0.69)* 

Cardiovascular HS D'Agostino
2001129 

  Women Community CHD 1601  1601 44 5 5.5  0.66 
(0.68)* 

China Liu 2004128  Men Community CHD 16065  16065 141 5.9 1.49  0.705 
China Liu 2004128  Women Community CHD 14056  14056 50 5.9 0.6  0.742 
Honolulu D'Agostino 2001129   Community CHD 2755  2755 77 5 5.59  0.72 

(0.74)* 
Spain Marrugat 2003101   Community CHD         
Native Americans D'Agostino 
2001129 

 Men Community CHD 1527  1527 46 5 6.02  0.69 
(0.77)* 

Native Americans D'Agostino 
2001129 

 Women Community CHD 2255  2255 23 5 2.04  0.75 
(0.86)* 

Physicians HS D'Agostino 
2001129 

  Occupational CHD 901  901 18 5 4  0.63 
(0.64)* 
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Puerto Rico D'Agostino 
2001129 

  Community CHD 8713  8713 107 5 2.46  0.69 
(0.72)* 

USA Aktas 2004109   Community Death 3554    8   0.57 
Framingham Abbott 1987             
Finland Assmann 1990146 Finland Assmann Gemf Gemfibro

zil 
Trial  CHD 2046 67 2046 56 5 6.8 1.1964  

Finland Assmann 1990146 Finland Assmann cont Placebo Trial CHD 2046 76 2046 84 5 10.3 0.9048  
Finland Grover 1992264 Finland Grover gemf Gemfibro

zil 
Trial CHD 2051 63 2051 56 5 5.46 1.125  

Finland Grover 1992264 Finland Grover cont Placebo Trial CHD 2030 89 2030 84 5 8.28 1.0595  
Finland Grover 1992264  Gemfibro

zil 
Trial CHD 

death 
2051  2051      

Finland Grover 1992264  Placebo Trial CHD 
death 

2030  2030      

Germany Schulte 1991251 Germany Schulte  Occupational CHD hard 2623 68 2623 61 4 5.81 1.1148  
North America Grover 1995213   Trial CHD 3678  3678 77 12.2 1.72  0.85 
North America Grover 1992264 USA LRC 92 cholestyr Cholestyr

-amine 
Trial CHD 

death 
1906 30 1906 30 7.4 2.13 1  

North America Grover 1992264 USA LRC control Placebo Trial CHD 
death 

1900 39 1900 38 7.4 2.7 1.0263  

MRFIT Grover 1992264 USA MRFIT 92 interve Interventi
on 

Trial CHD 
death 

6428 172 6428 202 10.5 2.99 0.8515  

MRFIT Grover 1992264 USA MRFIT 92 control Control Trial CHD 
death 

6438 210 6438 226 10.5 3.34 0.9292  

Framingham Liao 1999             

USA NHANES 1 Liao 1999133 
USA NHANES1 Liao
men Men 

Community CHD 
death 2753 371 2753 331 20 6.01 1.1208 0.71 

USA NHANES 1 Liao 1999133 
 

Women 
Community CHD 

death 3858  3858 257 20 3.33  0.8 

USA NHANES 2 Liao 1999133 
USA NHANES2 Liao
men Men 

Community CHD 
death 2655 271 2655 176 15 4.42 1.5398 0.74 
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USA NHANES 2 Liao 1999133 
 

Women 
Community CHD 

death 3050  3050 99 15 2.16  0.76 
Framingham Truett 1967             
USA Brand 1976154 USA Brand Age 39-49 Age 39-49Community CHD 2249 141 2249 145 8.5 7.59 0.9724  
USA Brand 1976154 USA Brand age 50-59 Age 50-59Community CHD 905 102 905 112 8.5 14.6 0.9107  
Framingham Kannel 1976             
Denmark Schroll 198168   Community CVD     10    
Framingham Leaverton 1987             

Australia Knuiman 198730 
 

Men 
Community CHD 

death 1923  1923 116 10 6.03   

Australia Knuiman 198730 
 

Women 
Community CHD 

death 1968  1968 71 10 3.61   
USA NHANES 1 Leaverton 
1987132 

 

Men 
Community CHD 

death 1778  1778 123 10 6.92   
USA NHANES 1 Leaverton 
1987132 

 

Women 
Community CHD 

death 2235  2235 83 10 3.71   
Framingham McGee 1976             
USA, Tecumseh Katz 1993122   Community Death     12   0.65 
Framingham Thomsen 2002             

Denmark Thomsen 2002137 
Denmark Thomsen 

 
Community CHD 

death 4757 162 4757 148 10 3.11 1.0946 0.75 
Framingham Liao 2002             
USA, NHANES 1 Liao 2002134  Men Community CHD death 

     
4.1  0.73 

(0.73)* 
USA, NHANES 1 Liao 2002134  Women Community CHD death 

     
1.8  0.82 

(0.84)* 
USA, NHANES 2 Liao 2002134  Men Community CHD death 

     
2.4  0.77 

(0.73)* 
USA, NHANES 2 Liao 2002134  Women Community CHD death 

     
1.0  0.78 

(0.80)* 
USA, Tecumseh community health
study Liao 2002134 

  Men Community CHD death 
     

6.5  0.81 
(0.81)* 
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USA, Tecumseh community health
study Liao 2002134 

  Women Community CHD death 
     

2.1  0.88 
(0.88)* 

Hawaii, Honolulu heart program Liao
2002134 

   Community CHD death 
     

1.2  0.78 
(0.80)* 

Puerto Rico heart health program Liao
2002134 

  Urban Community CHD death 
     

1.4  0.75 
(0.76)* 

Puerto Rico heart health program Liao
2002134 

  Rural Community CHD death 
     

1.0  0.77 
(0.77)* 

Yugoslavia cardiovascular disease
study Liao 2002134 

  Urban Community CHD death 
     

2.9  0.82 
(0.82)* 

Yugoslavia cardiovascular disease
study Liao 2002134 

  Rural Community CHD death 
     

2.0  0.76 
(0.82)* 

UK, Scottish collaborative study Liao
2002134 

   Community CHD death 
     

5.7  0.73 
(0.75)* 

UK, Renfrew and Paisley study Liao
2002134 

  Men Community CHD death 
     

6.0  0.68 
(0.68)* 

UK, Renfrew and Paisley study Liao
2002134 

  Women Community CHD death 
     

2.2  0.74 
(0.76)* 

Denmark, Glostrup cohort Liao 2002134   Community CHD death 
     

2.0  0.77 
(0.77)* 

Norway, Norwegian counties study
Liao 2002134 

  Men Community CHD death 
     

3.2  0.72 
(0.73)* 

Norway, Norwegian counties study
Liao 2002134 

  Women Community CHD death 
     

0.6  0.82 
(0.72)* 

Iceland, Reykjavik study Liao 2002134  Men Community CHD death 
     

3.4  0.75 
(0.75}* 

Iceland, Reykjavik study Liao 2002134  Women Community CHD death 
     

0.9  0.80 
(0.83)* 

Israel, Israeli ischaemic heart disease
study Liao 2002134 

   Community CHD death 
     

4.1   

North America, Lipid research clinics
follow-up study Liao 2002134 

  Random 
sample 

Trial CHD death 
     

2.3  0.81 
(0.83)* 

North America, Lipid research clinics
follow-up study Liao 2002134 

  Hyperlipida
emic 

Trial CHD death 
     

3.0  0.77 
(0.79)* 
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Forest plot
label 

Group 
 

Cohort 
 

Outcome 
 

Total 
Pred 

Pred 
 

Total 
Obs 

Obs 
 

Follow 
up 

Rate 
 

P:O 
 

AUROC 
 

 

 
USA, Hypertension detection and
follow-up program regular care Liao 
2002134 

  Men Trial CHD death 

     

4.6  0.72 
(0.73)* 

USA, Hypertension detection and
follow-up program regular care Liao 
2002134 

  Women Trial CHD death 

     

2.0  0.77 
(0.79)* 

USA, MRFIT usual care Liao 2002134   Trial CHD death 
     

3.8  0.65 
(0.66)* 

Risk is the number of observed events/1000/year                                           * Area under ROC curve for prediction model derived in validation study cohort 



External validation of Framingham risk score in a new population using 
a longitudinal study design 

Longitudinal external validation studies of Framingham risk scores for which 

values for observed and predicted risk were available are summarised as 

forest plots in Figures 5-6 and 9-20.  The names of the studies correspond to 

those listed in Table10.  All calibration and discrimination data available from 

external validation studies is summarised in Table10.  Complete information, 

allowing calculation of predicted: observed ratios, was available for 51 

population groups and AUROC values for 77 population groups. 

Calibration: observed risk 

In Figure 5, populations with predicted: observed ratios available are shown in a 

forest plot ordered by level of observed risk of fatal and non-fatal coronary heart 

disease, fatal and non-fatal cardiovascular disease, coronary heart disease death and 

cardiovascular disease death. 

For coronary heart disease, the predicted to observed ratios ranged from an under-

prediction of 0.43 in the study of people with a family history of coronary heart 

disease by Blumenthal et al.259 to an over-prediction of 2.87 in women from Munster 

in the study of Hense et al.237  The forest plot suggests that calibration of Framingham 

models is reasonably accurate when the baseline 10-year risk lies between about 8% 

and 16%. 

Over-prediction was seen in lower and medium risk primary care and occupational 

populations in Germany,237 France and Northern Ireland250 and the UK,243 and a US 

screening cohort with a medium level of observed risk.260  In the multicentre clinical 

trial of Bastuji-Garin et al., coronary heart disease risk was overestimated and this was 

seen in all regions.142 

However patients entered into older clinical trials showed reasonable 

prediction,146;264;267 perhaps reflecting comparable selection to those of the 

Framingham survivor population.  Cases and controls showed similar levels of 

predictive accuracy, probably reflecting the limited effectiveness of interventions.  In 

addition to the majority of populations from clinical trials, prediction was good in two 

US 154;262 and one German cohort.251   
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Under-prediction was observed in studies of higher risk patients, specifically 

diabetics,256 patients with a family history of premature coronary heart disease258;259 

and in a higher risk UK primary care population.247  In the population studied by 

Schulz et al. with a high level of observed risk there was also a tendency for under-

estimation of risk.257  This high risk population was unusual in that it comprised 

patients who were referred for angiography, but who were subsequently found to have 

no evidence of coronary heart disease. 

In a sensitivity analysis, the tendency for over-prediction of coronary heart disease 

and cardiovascular disease in lower risk compared with higher risk populations was 

still evident.  The analysis shown in Figure 6 excludes studies with sources of 

heterogeneity specifically clinical trials and studies conducted exclusively in 

diabetics, patients with a family history of premature cardiovascular disease and 

patients referred for angiography. 
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Figure 5. All external validation studies of Framingham 
risk scores with information on predicted and observed 
risk, ordered by the observed risk in the test populations 

 
Study  Predicted  Observed RR (fixed) RR (fixed) 
or sub-category n/N  n/N 95% CI 95% CI  Score Risk*

01 Framingham by incidence rate CHD
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander     1
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander     1
 Finland Grover gemf        63/2051            56/2051          1.13 [0.79, 1.60]          Abbo     5
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso     5
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander     5
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander     5
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo     6
 Finland Assmann Gemf       67/2046            56/2046          1.20 [0.84, 1.70]          Abbo     7
 Europe Bastuji CHD        285/4127           124/4127          2.30 [1.87, 2.83]         Ander     8
 Finland Grover cont        89/2030            84/2030          1.06 [0.79, 1.42]          Abbo     8
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet     8
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander     9
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]          Abbo    10
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso    10
 Scotland WOSCOPS Pra      103/1803            81/1803          1.27 [0.96, 1.69]         Ander    10
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander    10
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander    10
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso    12
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet    15
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander    15
 Scotland WOSCOPS con       95/1251            88/1251          1.08 [0.82, 1.43]         Ander    16
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander    16
 USA Becker                 64/736             95/736           0.67 [0.50, 0.91]         Wilso    20
 USA Blumen total CHD       24/256             56/256           0.43 [0.27, 0.67]         Wilso    22
 Germany Schulz              6/42              10/42            0.60 [0.24, 1.50]         Wilso    24
 UK McEwan diabet wom       31/396             67/396           0.46 [0.31, 0.69]         Ander    42
 UK McEwan diabet men       52/542            105/542          0.50 [0.36, 0.68]         Ander    48
Subtotal (95% CI) 63774              63774     1.32 [1.27, 1.37] 
Total events: 5365 (Predicted), 4067 (Observed) 
Test for heterogeneity: Chi² = 390.93, df = 26 (P < 0.00001), I² = 93.3%
Test for overall effect: Z = 14.07 (P < 0.00001) 
02 Framingham by incidence rate CVD
 Australia Simons wom       94/1045            87/1045          1.08 [0.82, 1.43]         Wilso     8
 NZ Milne women             79/1716            86/1716          0.92 [0.68, 1.24]         Ander    10
 Australia Simons men      115/755            105/755           1.10 [0.86, 1.40]         Wilso    14
 NZ Milne men              277/4638           325/4638          0.85 [0.73, 1.00]         Ander    14
 Europe Bastuji CVD        601/4127           231/4127          2.60 [2.25, 3.01]         Ander    15
 N Europe/USA Kjeldse      410/9194           479/9194          0.86 [0.75, 0.97]         Ander    52
 UK Diabet Guzder           64/428             96/428           0.67 [0.50, 0.89]         Ander    53
Subtotal (95% CI) 21903              21903     1.16 [1.09, 1.25] 
Total events: 1640 (Predicted), 1409 (Observed) 
Test for heterogeneity: Chi² = 172.37, df = 6 (P < 0.00001), I² = 96.5%
Test for overall effect: Z = 4.35 (P < 0.0001) 
03 Framingham by incidence rate CHD death 
 USA LRC 92 cholestyr       30/1906            30/1906          1.00 [0.61, 1.65]          Abbo     2
 Denmark Thomsen           162/4757           148/4757          1.09 [0.88, 1.36]         Thoms     3
 UK Brindle CHD            270/6643           183/6643          1.48 [1.23, 1.77]         Ander     3
 USA LRC 92 control         39/1900            38/1900          1.03 [0.66, 1.60]          Abbo     3
 USA MRFIT 92 control      210/6438           226/6438          0.93 [0.77, 1.12]          Abbo     3
 USA MRFIT 92 interve      172/6428           202/6428          0.85 [0.70, 1.04]          Abbo     3
 USA NHANES2 Liao men      271/2655           176/2655          1.54 [1.28, 1.85]          Liao     4
 UK Brind C/S79 CHD D      149/3213           154/3213          0.97 [0.78, 1.21]         Ander     5
 UK Brind C/S82 CHD D      167/2467           120/2467          1.39 [1.11, 1.75]         Ander     5
 USA NHANES1 Liao men      371/2753           331/2753          1.12 [0.98, 1.29]          Liao     6
Subtotal (95% CI) 39160              39160     1.14 [1.07, 1.22] 
Total events: 1841 (Predicted), 1608 (Observed) 
Test for heterogeneity: Chi² = 36.58, df = 9 (P < 0.0001), I² = 75.4%
Test for overall effect: Z = 4.09 (P < 0.0001) 
04 Framingham by incidence rate CVD death 
 Scotland Brindle nm       132/4723           191/4723          0.69 [0.56, 0.86]         Ander     4
 UK Brind C/S79 CVD D      151/3213           190/3213          0.79 [0.65, 0.98]         Ander     6
 UK Brind C/S82 CVD D      183/2467           158/2467          1.16 [0.94, 1.42]         Ander     6
 Scotland Brindle m        263/7581           505/7581          0.52 [0.45, 0.60]         Ander     7
Subtotal (95% CI) 17984              17984     0.70 [0.64, 0.77] 
Total events: 729 (Predicted), 1044 (Observed) 
Test for heterogeneity: Chi² = 40.39, df = 3 (P < 0.00001), I² = 92.6%
Test for overall effect: Z = 7.63 (P < 0.00001) 
Total (95% CI) 142821             142821     1.18 [1.15, 1.21] 
Total events: 9575 (Predicted), 8128 (Observed) 
Test for heterogeneity: Chi² = 777.15, df = 47 (P < 0.00001), I² = 94.0%
Test for overall effect: Z = 11.36 (P < 0.00001) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

* % 10-year risk 
Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 1999 (Liao), Thomsen 
2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Figure 6. External validation studies of Framingham risk 
scores with information on predicted and observed risk, 
ordered by the observed risk in the test populations.  

Sensitivity analysis excluding studies with explicit 
sources of heterogeneity 

 
Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score Risk*

01 Framingham by incidence rate CHD
 Germany Au Hense wom       82/2861            32/2925          2.62 [1.75, 3.93]         Ander     1
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander     1
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso     5
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander     5
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander     5
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo     6
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet     8
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander     9
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso    10
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander    10
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander    10
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso    12
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet    15
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander    15
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander    16
Subtotal (95% CI) 46384              46448     1.42 [1.18, 1.72] 
Total events: 4410 (Predicted), 3161 (Observed) 
Test for heterogeneity: Chi² = 242.15, df = 14 (P < 0.00001), I² = 94.2%
Test for overall effect: Z = 3.65 (P = 0.0003) 
02 Framingham by incidence rate CVD
 Australia Simons wom       94/1045            87/1045          1.08 [0.82, 1.43]         Wilso     8
 NZ Milne women             79/1716            86/1716          0.92 [0.68, 1.24]         Ander    10
 Australia Simons men      115/755            105/755           1.10 [0.86, 1.40]         Wilso    14
 NZ Milne men              277/4638           325/4638         0.85 [0.73, 1.00]         Ander    14
Subtotal (95% CI) 8154               8154     0.96 [0.84, 1.09] 
Total events: 565 (Predicted), 603 (Observed) 
Test for heterogeneity: Chi² = 4.02, df = 3 (P = 0.26), I² = 25.4% 
Test for overall effect: Z = 0.67 (P = 0.50) 
03 Framingham by incidence rate CHD death 
 Denmark Thomsen           162/4757           148/4757          1.09 [0.88, 1.36]         Thoms     3
 Scotland Brindle nm       101/4723           130/4723          0.78 [0.60, 1.00]         Ander     3
 UK Brindle CHD            270/6643           183/6643          1.48 [1.23, 1.77]         Ander     3
 USA NHANES2 Liao men      271/2655           176/2655          1.54 [1.28, 1.85]          Liao     4
 Scotland Brindle m        203/7581           363/7581          0.56 [0.47, 0.66]         Ander     5
 UK Brind C/S79 CHD D      149/3213           154/3213          0.97 [0.78, 1.21]         Ander     5
 UK Brind C/S82 CHD D      167/2467           120/2467          1.39 [1.11, 1.75]         Ander     5
 USA NHANES1 Liao men      371/2753           331/2753          1.12 [0.98, 1.29]          Liao     6
Subtotal (95% CI) 34792              34792     1.06 [0.83, 1.37] 
Total events: 1694 (Predicted), 1605 (Observed) 
Test for heterogeneity: Chi² = 96.15, df = 7 (P < 0.00001), I² = 92.7%
Test for overall effect: Z = 0.48 (P = 0.63) 
04 Framingham by incidence rate CVD death 
 Scotland Brindle nm       132/4723           191/4723          0.69 [0.56, 0.86]         Ander     4
 UK Brind C/S79 CVD D      151/3213           190/3213          0.79 [0.65, 0.98]         Ander     6
 UK Brind C/S82 CVD D      183/2467           158/2467          1.16 [0.94, 1.42]         Ander     6
 Scotland Brindle m        263/7581           505/7581          0.52 [0.45, 0.60]         Ander     7
Subtotal (95% CI) 17984              17984     0.76 [0.53, 1.07] 
Total events: 729 (Predicted), 1044 (Observed) 
Test for heterogeneity: Chi² = 40.39, df = 3 (P < 0.00001), I² = 92.6%
Test for overall effect: Z = 1.56 (P = 0.12) 
Total (95% CI) 107314             107378     1.16 [1.00, 1.34] 
Total events: 7398 (Predicted), 6413 (Observed) 
Test for heterogeneity: Chi² = 559.93, df = 30 (P < 0.00001), I² = 94.6%
Test for overall effect: Z = 2.02 (P = 0.04) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

* % 10-year risk 
Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 
1999 (Liao), Thomsen 2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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In the study reported by the Diverse populations collaborative group the coronary 

heart disease deaths observed in 18 male and 8 female populations were compared 

with the predicted risk of coronary heart disease death according to a Framingham 

derived risk function.134  The results are presented graphically in Figure 7.  In men 

and women from populations with low observed mortality, the Framingham function 

tended to over-predict coronary heart disease risk and to under-estimate risk in those 

from populations with high observed risk. 

Figure 7. Predicted compared with observed mortality in 
26 population studies134 (units are 8 year mortality) 
 

 

From: Diverse Populations Collaborative Group. Prediction of mortality from 

coronary heart disease among diverse populations: is there a common predictive 

function? Heart 2002;88;222-228. 

 

Presenting results from the studies with an outcome of coronary heart disease 

included in the present review in the same format shows a similar pattern (Figure 8).   
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Figure 8. Predicted compared with observed mortality in 
28 populations (units are 10-year risk %) 
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Several studies did not provide complete data on numbers of observed and predicted 

events.  Studies in US cohorts contemporary with, or earlier than, the Framingham 

Anderson baseline examinations tended to show reasonable calibration, with 

predicted: observed ratios for coronary heart disease close to one.122;133  Greenland et 

al. showed good prediction of CHD death in long term follow up of younger men in a 

US cohort established in the 1960s.127 

However, in a large Chinese cohort with low-overall risk, Liu et al. observed that the 

prediction model of D’Agostino et al. 2001 substantially over-estimated coronary 
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heart disease.128  For men in the highest decile of predicted risk, this over prediction 

was six-fold.   

Over-prediction was also observed in two areas of rural Italy167;238 where the observed 

cardiovascular disease rate was low.  The Framingham model overestimated the 10-

year risk of coronary heart disease by about 50%.  Similarly, Ferrario et al. showed 

substantial over-estimation of coronary heart disease risk in pooled data from 11 

Italian cohorts at all levels of observed risk using the Wilson prediction model.37 

In a large cohort in South Korea with low overall risk, the Anderson model over-

predicted fatal and non-fatal coronary heart disease in men aged over 50 years.253 

However in women and younger men the Anderson model was associated with 

substantial under-prediction.  Reasons for this observation are unclear but the Korean 

Medical Insurance Corporation Study is characterised by low mean levels of serum 

cholesterol and a high prevalence of smoking among a relatively young cohort and as 

such may differ markedly from other populations.270 

Considering cardiovascular disease as the outcome, a similar pattern is apparent with 

reasonable prediction in populations with moderate observed risk and under 

prediction in high-risk diabetic cohorts.  Patients in the clinical trial of Kjeldsen et al. 

had a very high observed risk of cardiovascular disease and the Framingham 

predictive model under predicted events.  As with coronary heart disease as an 

outcome, Bastuji-Garin et al. reported substantial over-prediction of risk.142  In a 

Danish population with a moderate observed risk of cardiovascular disease the 

Framingham model over-estimated risk.68 

The trend for over-estimation of coronary heart disease risk at low levels of observed 

risk is still evident in the sensitivity analysis in Figure 6, in which studies with 

expected sources of heterogeneity other than the observed level of risk are removed 

(clinical trials and studies conducted exclusively in diabetics, patients with a family 

history of premature cardiovascular disease and patients referred for angiography).  

However the range of observed cardiovascular disease rates is much reduced with the 

exclusion of these studies and few studies could be considered to be in high-risk 

populations. 

No consistent trends are apparent in the studies with coronary heart disease or 

cardiovascular deaths as the outcome.  However, unlike in the studies of overall 
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coronary heart disease and cardiovascular disease, the ranges of 10-year risks in these 

studies were probably too narrow to draw conclusions and, as shown in Figure 6, this 

is also the case when studies with specific sources of heterogeneity are excluded. 

One further study reported an outcome of death from any cause.  Aktas et al. found 

that unlike the SCORE risk scoring method, the Framingham-D’Agostino 2001 

coronary heart disease model was unable to predict death by any cause in a US 

population. 109    The authors acknowledge that this was probably a consequence of 

the measurement of different outcomes. 

No information on calibration was available from the studies of Nijhuis et al. 2002,239 

van der Meer et al. 2003,197 Knuiman et al. 1987,132 Suka et al. 2001,269 Kornitzer et 

al. 2000,67 Protopsaltis et al. 2004,113 and Ferrucci et al.200 

Summary 

There was considerable heterogeneity in results from calibration studies of 

Framingham risk scoring methods.  Prediction of coronary heart disease risk was good 

in older US cohorts.  In lower-risk cohorts the Framingham risk scoring methods 

tended to over-estimate risk at lower levels of observed risk.  In higher risk cohorts, 

Framingham methods showed a tendenct to under-estimate risk.  However risk 

estimation in these high-risk cohorts was probably inappropriate.  Studies reporting 

cardiovascular disease and mortality outcomes had too small a range of observed risk 

to draw conclusions. 

Framingham prediction model 

The forest plot in Figure 9 shows the relationship between observed risk and 

calibration in studies that have used different Framingham prediction models in 

studies with coronary heart disease as an outcome.  Insufficient studies were available 

to examine this relationship in studies of cardiovascular disease or coronary heart 

disease or cardiovascular disease death. 

The models in which calibration data were reported used the Anderson, Wilson, 

Abbott and Truett prediction models.  Figure 9 shows that calibration was good in the 

early Truett and Abbott versions of Framingham prediction models.  However this is 

probably a consequence of the types of studies included and the narrow range of 

observed risks. 
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For Anderson and Wilson methods the trend for over-estimation at low levels of risk 

and under-estimation at higher levels of risk is apparent as described previously.  

Sensitivity analysis in Figure 10 where studies with expected sources of heterogeneity 

(clinical trials and studies conducted exclusively in diabetics, patients with a family 

history of premature cardiovascular disease and patients referred for angiography) 

were excluded removes the highest risk groups and thus the tendency for under-

estimation at high observed risk is not shown.  However, the over-estimation in low 

and moderate risk groups was still apparent. 

Summary 

Validation studies of different Framingham-based risk scoring methods have been 

conducted on progressively more diverse populations.  Consequently no evidence on 

calibration of different Framingham risk-scoring methods is available. 
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Figure 9. External validation studies of Framingham risk 
scores with information on predicted and observed risk, 
ordered by the observed risk in the test populations: 
CHD outcomes only grouped by Framingham model 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI  Score Risk*

02 Anderson 
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander     1
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander     1
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander     5
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander     5
 Europe Bastuji CHD        285/4127           124/4127          2.30 [1.87, 2.83]         Ander     8
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander     9
 Scotland WOSCOPS Pra      103/1803            81/1803          1.27 [0.96, 1.69]         Ander    10
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander    10
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander    10
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander    15
 Scotland WOSCOPS con       95/1251            88/1251          1.08 [0.82, 1.43]         Ander    16
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander    16
 UK McEwan diabet wom       31/396             67/396           0.46 [0.31, 0.69]         Ander    42
 UK McEwan diabet men       52/542            105/542           0.50 [0.36, 0.68]         Ander    48
Subtotal (95% CI) 38003              38003     1.30 [1.05, 1.63] 
Total events: 3926 (Predicted), 2907 (Observed) 
Test for heterogeneity: Chi² = 272.26, df = 13 (P < 0.00001), I² = 95.2%
Test for overall effect: Z = 2.35 (P = 0.02) 
03 Wilson 
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso     5
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso    10
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso    12
 USA Becker                 64/736             95/736           0.67 [0.50, 0.91]         Wilso    20
 USA Blumen total CHD       24/256             56/256           0.43 [0.27, 0.67]         Wilso    22
 Germany Schulz             6/42              10/42            0.60 [0.24, 1.50]         Wilso    24
Subtotal (95% CI) 11821              11821     1.00 [0.60, 1.66] 
Total events: 833 (Predicted), 562 (Observed) 
Test for heterogeneity: Chi² = 91.62, df = 5 (P < 0.00001), I² = 94.5%
Test for overall effect: Z = 0.00 (P = 1.00) 
04 Abbott 
 Finland Grover gemf        63/2051            56/2051          1.13 [0.79, 1.60]          Abbo     5
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo     6
 Finland Assmann Gemf       67/2046            56/2046          1.20 [0.84, 1.70]          Abbo     7
 Finland Grover cont        89/2030            84/2030          1.06 [0.79, 1.42]          Abbo     8
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]          Abbo    10
Subtotal (95% CI) 10796              10796     1.06 [0.92, 1.23] 
Total events: 363 (Predicted), 341 (Observed) 
Test for heterogeneity: Chi² = 1.69, df = 4 (P = 0.79), I² = 0% 
Test for overall effect: Z = 0.84 (P = 0.40) 
05 Truett 
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet     8
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet    15
Subtotal (95% CI) 3154               3154     0.94 [0.80, 1.12] 
Total events: 243 (Predicted), 257 (Observed) 
Test for heterogeneity: Chi² = 0.15, df = 1 (P = 0.70), I² = 0% 
Test for overall effect: Z = 0.67 (P = 0.51) 
Total (95% CI) 63774              63774     1.17 [1.00, 1.38] 
Total events: 5365 (Predicted), 4067 (Observed) 
Test for heterogeneity: Chi² = 390.93, df = 26 (P < 0.00001), I² = 93.3%
Test for overall effect: Z = 1.93 (P = 0.05) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

* % 10-year risk 
Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), 
Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Figure 10. External validation studies of Framingham 
risk scores with information on predicted and observed 
risk, ordered by the observed risk in the test populations:  
CHD outcomes only grouped by Framingham model.  

Sensitivity analysis excluding studies with explicit 
sources of heterogeneity 
 

Study Preicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI  Score  Risk*

02 Anderson 
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander     1
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander     1
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander     5
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander     5
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander     9
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander    10
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander    10
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander    15
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander    16
Subtotal (95% CI) 29884              29884     1.52 [1.19, 1.95] 
Total events: 3360 (Preicted), 2442 (Observed) 
Test for heterogeneity: Chi² = 178.00, df = 8 (P < 0.00001), I² = 95.5%
Test for overall effect: Z = 3.35 (P = 0.0008) 
03 Wilson 
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso     5
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso    10
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso    12
Subtotal (95% CI) 10787              10787     1.64 [1.10, 2.46] 
Total events: 739 (Preicted), 401 (Observed) 
Test for heterogeneity: Chi² = 20.58, df = 2 (P < 0.0001), I² = 90.3%
Test for overall effect: Z = 2.42 (P = 0.02) 
04 Abbott 
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo     6
Subtotal (95% CI) 2623               2623     1.11 [0.79, 1.57] 
Total events: 68 (Preicted), 61 (Observed) 
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.62 (P = 0.53) 
05 Truett 
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet     8
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet    15
Subtotal (95% CI) 3154               3154     0.94 [0.80, 1.12] 
Total events: 243 (Preicted), 257 (Observed) 
Test for heterogeneity: Chi² = 0.15, df = 1 (P = 0.70), I² = 0% 
Test for overall effect: Z = 0.67 (P = 0.51) 
Total (95% CI) 46448              46448     1.42 [1.18, 1.72] 
Total events: 4410 (Preicted), 3161 (Observed) 
Test for heterogeneity: Chi² = 241.47, df = 14 (P < 0.00001), I² = 94.2%
Test for overall effect: Z = 3.64 (P = 0.0003) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

* % 10-year risk 
Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Truett 1967 
(Truet) and Wilson 1998 (Wilso) 
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Regional differences 

The generalisability of Framingham models in different geographical regions tends to 

reflect the risk of the particular population.  For example, as described previously, 

relatively low risk European and Chinese populations had their observed event rate 

over-estimated by the Framingham equations.128;237  In geographical regions that 

might be considered similar to Framingham such as parts of the USA, the predicted 

versus observed rates of disease were reasonably similar.122;133 

Summary 

Regional differences in Framingham-based risk scoring methods are apparent but 

these are probably explained by variation in cardiovascular risk. 

Diabetics 

The Framingham cohort, from which the Anderson predictive model is derived, 

comprised only 6% diabetics and the authors make it clear that caution should be 

observed in its use in individuals with diabetes mellitus.49  The findings of studies that 

applied the Framingham-Anderson equation to diabetic patients shown in Figure 11 

confirm that this caution is justified.  In each study there is a significant under-

prediction of the true risk that ranged from 44% in a UK community study of newly 

diagnosed diabetics by Guzder et al.,255 to a 33% under-prediction in diabetic women 

from Cardiff, Wales.256  McEwan et al. studied 938 patients from the 1996 Cardiff 

diabetes register and followed them for 4 years.256  The authors report that the 

demographic characteristics of the cohort were similar to UK diabetics in general.  

There was considerable overlap in predicted probabilities between those who 

subsequently did and did not develop coronary heart disease.  The mean 10-year risk 

of coronary heart disease differed only slightly between those who subsequently 

developed coronary heart disease (men 27%, women 23%) and those who did not 

(men 23%, women 19%).  Discriminatory power was also poor with AUROC c-

statistic values of 0.64 in men and 0.66 in women.  Only minor improvements were 

evident when the equation was recalibrated using coefficients derived from Cardiff 

diabetes database (AUROC men 0.65, women 0.68).   

Protopsaltis et al. studied discrimination with the Wilson model in a cohort of 

outpatient diabetics.113  The AUROC c-statistic value was 0.65 and the authors 
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concluded that the Wilson model was better in the prediction of coronary artery 

disease risk in diabetics than the UKPDS model.  No information on calibration was 

reported. 

Figure 11. External validation studies of Framingham 
risk scores performed in diabetics 
 

Study  Predicted  Observed  RR (random)  RR (random) 
or sub-category  n/N  n/N  95% CI  95% CI  Score 
01 CHD 
 UK McEwan diabet wom       31/396             67/396           0.46 [0.31, 0.69]         Ander 
 UK McEwan diabet men       52/542            105/542           0.50 [0.36, 0.68]         Ander 
Subtotal (95% CI) 938                938     0.48 [0.38, 0.62] 
Total events: 83 (Predicted), 172 (Observed) 
Test for heterogeneity: Chi² = 0.07, df = 1 (P = 0.79), I² = 0% 
Test for overall effect: Z = 5.81 (P < 0.00001) 
02 CVD 
 UK Diabet Guzder           64/428             96/428           0.67 [0.50, 0.89]         Ander 
Subtotal (95% CI) 428                428     0.67 [0.50, 0.89] 
Total events: 64 (Predicted), 96 (Observed) 
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.77 (P = 0.006) 
Total (95% CI) 1366               1366     0.55 [0.44, 0.69] 
Total events: 147 (Predicted), 268 (Observed) 
Test for heterogeneity: Chi² = 2.88, df = 2 (P = 0.24), I² = 30.7% 
Test for overall effect: Z = 5.19 (P < 0.00001) 

 0.1  0.2  0.5  1  2  5  10
 Under-prediction  Over-prediction

Score refers to Anderson 1991 (Ander) 
 

Summary 

Calibration of Framingham-based methods is poor in diabetic patients.  There is also 

evidence that discrimination is poor.  In the light of this and a recent trend for 

consideration of all diabetic patients as at high risk of cardiovascular disease 

Framingham-based risk scoring methods should probably not be used in diabetics. 
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Discrimination 

Figure 12 orders the validation studies by the magnitude of the area under the receiver 

operating characteristic curve (AUROC) for studies with complete information but 

excluding those studying exclusively diabetics.  In studies with coronary heart disease 

as the outcome, there is a suggestion of improved discrimination at the expense of 

poor calibration.  In sensitivity analysis with exclusion of clinical trials and studies 

conducted exclusively in diabetics, patients with a family history of premature 

cardiovascular disease and patients referred for angiography, the trend is still apparent 

(Figure 13). 

For studies reporting outcomes of cardiovascular disease or cardiovascular or 

coronary heart disease death, the range of AUROC is narrow and no trend is apparent. 

Information on discrimination was provided in several other studies but with no 

associated calibration data.  Using death from all causes as the outcome, Atkas et 

al.109 and Katz et al.122 noted poor discrimination with AUROC of 0.57 and 0.65 

respectively.  In other studies the AUROC ranged from 0.66 to 0.75 with coronary 

heart disease 128;128;239;239;269 or myocardial infarction 197 as the outcome. 

Studies suggested that discrimination may be better in: women than men;128;133;237;248 

diabetic women than diabetic men;256 younger than older individuals;239; non-manual 

than manual workers;244 and in populations with more recent baseline 

examinations.244  Aktas et al. observed poor discrimination using the Framingham-

D’Agostino 2001 coronary heart disease prediction model (c-statistic 0.57) when 

compared with observed all-cause mortality. 

The Diverse populations collaborative group studied discrimination using models 

derived within a series of populations and a model derived in the Framingham 

study.134  Area under receiver operating characteristic curves showed similar 

discrimination (+/- 0.2) using the two models in 15 out of 17 studies in men and 5 out 

of 7 studies in women.  One study each in men and women showed poorer 

discrimination using the Framingham model, and one studying in each showed better 

discrimination using the Framingham model than the population derived model.  In all 

seven population groups with both men and women included, discrimination was best 

in women, and in six of these the difference was 0.5 or greater. 
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In the study of D’Agostino et al. with similar methodology, discrimination was 

identical or slightly better when a cohort-derived model was used compared with a 

Framingham model.129  In all four population groups which included men and women, 

discrimination was better in women than men. 

Summary 

The discriminatory ability of Framingham-based methods varied considerably 

between populations.  For cardiovascular and mortality outcomes the range of 

observed risk was narrow.  However for coronary heart disease there was a trend for 

poorer calibration as discrimination improved.  This was apparent even with the 

exclusion of populations with highest risk. 
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Figure 12. External validation studies of Framingham 
risk scores ordered by area under receiver operating 
characteristic curve excluding studies of diabetics 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score  AUROC 
01 Framingham by incidence rate CHD
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander    60
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso    63
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso    66
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander    66
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso    68
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander    68
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander    73
 USA Becker                 64/736             95/736           0.67 [0.50, 0.91]         Wilso    75
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander    77
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander    77
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander    88
Subtotal (95% CI) 33064              33064     1.54 [1.26, 1.89] 
Total events: 2700 (Predicted), 1732 (Observed) 
Test for heterogeneity: Chi² = 109.81, df = 10 (P < 0.00001), I² = 90.9%
Test for overall effect: Z = 4.22 (P < 0.0001) 
02 Framingham by incidence rate CVD
 NZ Milne men              277/4638           325/4638          0.85 [0.73, 1.00]         Ander    74
 NZ Milne women             79/1716            86/1716          0.92 [0.68, 1.24]         Ander    77
Subtotal (95% CI) 6354               6354     0.87 [0.75, 0.99] 
Total events: 356 (Predicted), 411 (Observed) 
Test for heterogeneity: Chi² = 0.19, df = 1 (P = 0.66), I² = 0% 
Test for overall effect: Z = 2.05 (P = 0.04) 
03 Framingham by incidence rate CHD death 
 UK Brind C/S79 CHD D      149/3213           154/3213          0.97 [0.78, 1.21]         Ander    69
 UK Brind C/S82 CHD D      167/2467           120/2467          1.39 [1.11, 1.75]         Ander    70
 USA NHANES1 Liao men      371/2753           331/2753          1.12 [0.98, 1.29]          Liao    71
 UK Brindle CHD            270/6643           183/6643          1.48 [1.23, 1.77]         Ander    73
 USA NHANES2 Liao men      271/2655           176/2655          1.54 [1.28, 1.85]          Liao    74
 Denmark Thomsen           162/4757           148/4757          1.09 [0.88, 1.36]         Thoms    75
Subtotal (95% CI) 22488              22488     1.25 [1.08, 1.45] 
Total events: 1390 (Predicted), 1112 (Observed) 
Test for heterogeneity: Chi² = 18.00, df = 5 (P = 0.003), I² = 72.2% 
Test for overall effect: Z = 2.95 (P = 0.003) 
04 Framingham by incidence rate CVD death 
 UK Brind C/S79 CVD D      151/3213           190/3213          0.79 [0.65, 0.98]         Ander    70
 UK Brind C/S82 CVD D      183/2467           158/2467          1.16 [0.94, 1.42]         Ander    71
 Scotland Brindle m        263/7581           505/7581          0.52 [0.45, 0.60]         Ander    72
 Scotland Brindle nm       132/4723           191/4723          0.69 [0.56, 0.86]         Ander    74
Subtotal (95% CI) 17984              17984     0.76 [0.53, 1.07] 
Total events: 729 (Predicted), 1044 (Observed) 
Test for heterogeneity: Chi² = 40.39, df = 3 (P < 0.00001), I² = 92.6%
Test for overall effect: Z = 1.56 (P = 0.12) 
Total (95% CI) 79890              79890     1.23 [1.04, 1.45] 
Total events: 5175 (Predicted), 4299 (Observed) 
Test for heterogeneity: Chi² = 382.57, df = 22 (P < 0.00001), I² = 94.2%
Test for overall effect: Z = 2.38 (P = 0.02) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Studies ordered by area under receiver operating characteristics curve expressed as % 
(AUROC). 
Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 
1999 (Liao), Thomsen 2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Figure 13. External validation studies of Framingham 
risk scores ordered by area under receiver operating 
characteristic curve excluding studies of diabetics.  

Sensitivity analysis excluding studies with explicit 
sources of heterogeneity 
 

Study  Predicted  observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score  AUROC 
01 Framingham by incidence rate CHD
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander    60
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso    63
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso    66
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander    66
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso    68
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander    68
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander    73
 Germany Au Hense men      292/2861           146/2861         2.00 [1.65, 2.42]         Ander    77
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander    77
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander    88
Subtotal (95% CI) 32328              32328     1.66 [1.38, 2.00] 
Total events: 2636 (Predicted), 1637 (observed) 
Test for heterogeneity: Chi² = 79.96, df = 9 (P < 0.00001), I² = 88.7%
Test for overall effect: Z = 5.35 (P < 0.00001) 
02 Framingham by incidence rate CVD
 NZ Milne men              277/4638           325/4638          0.85 [0.73, 1.00]         Ander    74
 NZ Milne women             79/1716            86/1716          0.92 [0.68, 1.24]         Ander    77
Subtotal (95% CI) 6354               6354     0.87 [0.75, 0.99] 
Total events: 356 (Predicted), 411 (observed) 
Test for heterogeneity: Chi² = 0.19, df = 1 (P = 0.66), I² = 0% 
Test for overall effect: Z = 2.05 (P = 0.04) 
03 Framingham by incidence rate CHD death 
 UK Brind C/S79 CHD D      149/3213           154/3213          0.97 [0.78, 1.21]         Ander    69
 UK Brind C/S82 CHD D      167/2467           120/2467          1.39 [1.11, 1.75]         Ander    70
 USA NHANES1 Liao men      371/2753           331/2753          1.12 [0.98, 1.29]          Liao    71
 UK Brindle CHD            270/6643           183/6643          1.48 [1.23, 1.77]         Ander    73
 USA NHANES2 Liao men      271/2655           176/2655          1.54 [1.28, 1.85]          Liao    74
 Denmark Thomsen           162/4757           148/4757          1.09 [0.88, 1.36]         Thoms    75
Subtotal (95% CI) 22488              22488     1.25 [1.08, 1.45] 
Total events: 1390 (Predicted), 1112 (observed) 
Test for heterogeneity: Chi² = 18.00, df = 5 (P = 0.003), I² = 72.2% 
Test for overall effect: Z = 2.95 (P = 0.003) 
04 Framingham by incidence rate CVD death 
 UK Brind C/S79 CVD D      151/3213           190/3213          0.79 [0.65, 0.98]         Ander    70
 UK Brind C/S82 CVD D      183/2467           158/2467          1.16 [0.94, 1.42]         Ander    71
 Scotland Brindle m        263/7581           505/7581          0.52 [0.45, 0.60]         Ander    72
 Scotland Brindle nm       132/4723           191/4723          0.69 [0.56, 0.86]         Ander    74
Subtotal (95% CI) 17984              17984     0.76 [0.53, 1.07] 
Total events: 729 (Predicted), 1044 (observed) 
Test for heterogeneity: Chi² = 40.39, df = 3 (P < 0.00001), I² = 92.6%
Test for overall effect: Z = 1.56 (P = 0.12) 
Total (95% CI) 79154              79154     1.26 [1.06, 1.49] 
Total events: 5111 (Predicted), 4204 (observed) 
Test for heterogeneity: Chi² = 368.16, df = 21 (P < 0.00001), I² = 94.3%
Test for overall effect: Z = 2.65 (P = 0.008) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Studies ordered by area under receiver operating characteristics curve expressed as % 
(AUROC). 
Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 1999 (Liao), Thomsen 
2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Validation studies in randomised controlled trials 

Figure 14 shows Framingham validation studies that have been performed in 

randomised controlled trials.  In trials reporting effective interventions, there is a 

tendency for higher predicted: observed ratios in the intervention compared to the 

control groups, although with overlapping confidence intervals in each case.  This is 

an expected finding, as the Framingham predictive models were derived in a 

population that pre-dates wide use of preventive drugs and would not be able to 

account for the additional risk-reducing treatment.  This pattern is not found in the 

Multiple Risk Factor Intervention Trial264 or the Lipid Research Clinic cholestyramine 

trial264 probably because the difference in observed risk between the intervention and 

control groups is smaller than that observed in the West of Scotland Coronary 

Prevention Study of pravastatin (WOSCOPS)267 and the Finnish gemfibrozil trial 

reported by both Grover and Assmann.146;264  Bastuji-Garin et al. reported the 

generalisability of the Framingham-Anderson model in a population of hypertensive 

men and women from eight western European countries and Israel who had been 

randomised to nifedipine or co-amiloride between 1994 and 1996.142  The authors 

found considerable variation between countries.  For example, the predicted to 

observed ratios for cardiovascular disease ranged from 2.0 in the UK to 4.0 in France.  

The authors suggest that this recent trial population cannot be considered 

generalisable to the typical population as all patients received blood pressure lowering 

medication and some received concurrent cholesterol-lowering medication.142 

No information was available on the ability of Framingham-derived predictive models 

to discriminate between patients with and without outcomes. 

Summary 

In randomised controlled trials with effective interventions, there was a suggestion 

that treated groups showed poorer calibration than controls.  Little difference was seen 

in studies where the intervention was ineffective. 
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Figure 14. External validation studies of Framingham 
risk scores performed in randomised controlled trials 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI  Score  Group

01 Framingham validation studies in randomised controlled trials CHD
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]          Abbo     0
 Finland Grover cont        89/2030            84/2030          1.06 [0.79, 1.42]          Abbo     0
 Scotland WOSCOPS con       95/1251            88/1251          1.08 [0.82, 1.43]         Ander     0
 USA MRFIT 92 control      210/6438           226/6438         0.93 [0.77, 1.12]          Abbo     0
 Europe Bastuji CHD        285/4127           124/4127          2.30 [1.87, 2.83]         Ander     1
 Finland Assmann Gemf       67/2046            56/2046          1.20 [0.84, 1.70]          Abbo     1
 Finland Grover gemf        63/2051            56/2051          1.13 [0.79, 1.60]          Abbo     1
 Scotland WOSCOPS Pra      103/1803            81/1803          1.27 [0.96, 1.69]         Ander     1
 USA MRFIT 92 interve      172/6428           202/6428          0.85 [0.70, 1.04]          Abbo     1
Subtotal (95% CI) 28220              28220     1.14 [0.90, 1.45] 
Total events: 1160 (Predicted), 1001 (Observed) 
Test for heterogeneity: Chi² = 60.49, df = 8 (P < 0.00001), I² = 86.8%
Test for overall effect: Z = 1.09 (P = 0.28) 
02 Framingham validation studies in randomised controlled trials CVD
 Europe Bastuji CHD        601/4127           231/4127          2.60 [2.25, 3.01]         Ander     1
 N Europe/USA Kjeldse      410/9194           479/9194          0.86 [0.75, 0.97]         Ander     1
Subtotal (95% CI) 13321              13321     1.49 [0.50, 4.44] 
Total events: 1011 (Predicted), 710 (Observed) 
Test for heterogeneity: Chi² = 126.07, df = 1 (P < 0.00001), I² = 99.2%
Test for overall effect: Z = 0.72 (P = 0.47) 
03 Framingham validation studies in randomised controlled trials CHD death
 USA LRC 92 control         39/1900            38/1900          1.03 [0.66, 1.60]          Abbo     0
 USA MRFIT 92 control      210/6438           226/6438          0.93 [0.77, 1.12]          Abbo     0
 USA LRC 92 cholestyr       30/1906            30/1906          1.00 [0.61, 1.65]          Abbo     1
 USA MRFIT 92 interve      172/6428           202/6428          0.85 [0.70, 1.04]          Abbo     1
Subtotal (95% CI) 16672              16672     0.91 [0.80, 1.03] 
Total events: 451 (Predicted), 496 (Observed) 
Test for heterogeneity: Chi² = 0.89, df = 3 (P = 0.83), I² = 0% 
Test for overall effect: Z = 1.48 (P = 0.14) 
Total (95% CI) 58213              58213     1.13 [0.90, 1.42] 
Total events: 2622 (Predicted), 2207 (Observed) 
Test for heterogeneity: Chi² = 215.91, df = 14 (P < 0.00001), I² = 93.5%
Test for overall effect: Z = 1.03 (P = 0.30) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Group 0 – control, 1 - intervention 
Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 
1999 (Liao), Thomsen 2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Sex differences 

In Figure 15 the predicted: observed ratio is shown by order of the percentage of 

women recruited in studies of external validation.  Few populations with complete 

information on calibration have included women but there is no clear pattern of 

differing validation performance in men or women.  Considering studies where results 

have been presented by sex, those with moderate or high background risk tend to 

show little difference in calibration, whereas in the studies in Augsburg and Munster 

of Hense et al. where the background risk was low, the predicted to observed ratio 

was somewhat higher in women.237  It is possible that any difference in calibration 

between men and women reflects the importance of differing levels of background 

risk. 

As described previously, in the four populations with AUROC information 

discrimination tended to be better in women compared with men.128;133;237;248  In the 

studies of Framingham derived prediction models by the Diverse populations 

collaborative group and D’Agostino et al.2001, discrimination was consistently better 

in women than men.129;134  In Figure 7 taken from the Diverse population 

collaborative study there is support for the previous observation that under-prediction 

of cardiovascular risk occurs at high levels of absolute risk and that this is apparent in 

both men and women.  The observation of over-prediction at low levels of risk is 

clearly seen in men but the number of studies in low risk female populations is small. 

Summary 

Discrimination was consistently better in women than men.  The observation of a 

tendency for over-estimation of risk in women compared with men may reflect the 

lower level of observed risk in women. 
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Figure 15. External validation studies of Framingham 
risk scores by percentage men in the test populations. 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score %Male

01 Framingham validation studies by % male (excluding diabetic studies) CHD
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander     0
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander     0
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander    44
 Europe Bastuji CHD        285/4127           124/4127          2.30 [1.87, 2.83]         Ander    45
 USA Becker                 64/736             95/736           0.67 [0.50, 0.91]         Wilso    52
 USA Blumen total CHD       24/256             56/256           0.43 [0.27, 0.67]         Wilso    64
 Finland Assmann Gemf       67/2046            56/2046          1.20 [0.84, 1.70]          Abbo   100
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]          Abbo   100
 Finland Grover cont        89/2030            84/2030          1.06 [0.79, 1.42]          Abbo   100
 Finland Grover gemf        63/2051            56/2051          1.13 [0.79, 1.60]          Abbo   100
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso   100
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander   100
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander   100
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo   100
 Germany Schulz              6/42              10/42            0.60 [0.24, 1.50]         Wilso   100
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso   100
 Scotland WOSCOPS Pra      103/1803            81/1803          1.27 [0.96, 1.69]         Ander   100
 Scotland WOSCOPS con       95/1251            88/1251          1.08 [0.82, 1.43]         Ander   100
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander   100
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander   100
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander   100
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet   100
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet   100
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso   100
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander   100
Subtotal (95% CI) 62836              62836     1.26 [1.07, 1.47] 
Total events: 5282 (Predicted), 3895 (Observed) 
Test for heterogeneity: Chi² = 328.21, df = 24 (P < 0.00001), I² = 92.7%
Test for overall effect: Z = 2.86 (P = 0.004) 
02 Framingham validation studies by % male (excluding diabetic studies) CVD
 Australia Simons wom       94/1045            87/1045          1.08 [0.82, 1.43]         Wilso     0
 NZ Milne women             79/1716            86/1716          0.92 [0.68, 1.24]         Ander     0
 Europe Bastuji CVD        601/4127           231/4127          2.60 [2.25, 3.01]         Ander    45
 N Europe/USA Kjeldse      410/9194           479/9194          0.86 [0.75, 0.97]         Ander    46
 Australia Simons men      115/755            105/755           1.10 [0.86, 1.40]         Wilso   100
 NZ Milne men              277/4638           325/4638          0.85 [0.73, 1.00]         Ander   100
Subtotal (95% CI) 21475              21475     1.13 [0.74, 1.73] 
Total events: 1576 (Predicted), 1313 (Observed) 
Test for heterogeneity: Chi² = 158.10, df = 5 (P < 0.00001), I² = 96.8%
Test for overall effect: Z = 0.57 (P = 0.57) 
03 Framingham validation studies by % male (excluding diabetic studies) CHD death
 Scotland Brindle m        203/7581           363/7581          0.56 [0.47, 0.66]         Ander    46
 Scotland Brindle nm       101/4723           130/4723          0.78 [0.60, 1.00]         Ander    46
 Denmark Thomsen           162/4757           148/4757          1.09 [0.88, 1.36]         Thoms    50
 UK Brind C/S79 CHD D      149/3213           154/3213          0.97 [0.78, 1.21]         Ander   100
 UK Brind C/S82 CHD D      167/2467           120/2467          1.39 [1.11, 1.75]         Ander   100
 UK Brindle CHD            270/6643           183/6643          1.48 [1.23, 1.77]         Ander   100
 USA LRC 92 cholestyr       30/1906            30/1906          1.00 [0.61, 1.65]          Abbo   100
 USA LRC 92 control         39/1900            38/1900          1.03 [0.66, 1.60]          Abbo   100
 USA MRFIT 92 control      210/6438           226/6438          0.93 [0.77, 1.12]          Abbo   100
 USA MRFIT 92 interve      172/6428           202/6428          0.85 [0.70, 1.04]          Abbo   100
 USA NHANES1 Liao men      371/2753           331/2753          1.12 [0.98, 1.29]          Liao   100
 USA NHANES2 Liao men      271/2655           176/2655          1.54 [1.28, 1.85]          Liao   100
Subtotal (95% CI) 51464              51464     1.02 [0.85, 1.23] 
Total events: 2145 (Predicted), 2101 (Observed) 
Test for heterogeneity: Chi² = 101.70, df = 11 (P < 0.00001), I² = 89.2%
Test for overall effect: Z = 0.26 (P = 0.80) 
04 Framingham validation studies by % male (excluding diabetic studies) CVD death
 Scotland Brindle m        263/7581           505/7581          0.52 [0.45, 0.60]         Ander    46
 Scotland Brindle nm       132/4723           191/4723          0.69 [0.56, 0.86]         Ander    46
 UK Brind C/S79 CVD D      151/3213           190/3213         0.79 [0.65, 0.98]         Ander   100
 UK Brind C/S82 CVD D      183/2467           158/2467          1.16 [0.94, 1.42]         Ander   100
Subtotal (95% CI) 17984              17984     0.76 [0.53, 1.07] 
Total events: 729 (Predicted), 1044 (Observed) 
Test for heterogeneity: Chi² = 40.39, df = 3 (P < 0.00001), I² = 92.6%
Test for overall effect: Z = 1.56 (P = 0.12) 
Total (95% CI) 153759             153759     1.12 [0.99, 1.27] 
Total events: 9732 (Predicted), 8353 (Observed) 
Test for heterogeneity: Chi² = 794.60, df = 46 (P < 0.00001), I² = 94.2%
Test for overall effect: Z = 1.85 (P = 0.06) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 
1999 (Liao), Thomsen 2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Baseline year of test populations 

Figure 16 examines calibration by the year in which the baseline data of the test 

populations was collected.  Dates of baseline examinations range from 1960 in Brand 

et al.154 to 1994 in Bastuji-Garin et al.142  There is a suggestion that older studies with 

coronary heart disease as the outcome tend to have predicted: observed coronary heart 

disease ratios closer to one than more recent studies.  This may be because newer 

studies tend to be of lower risk populations or that patients in more recent studies are 

more likely to be taking preventive treatment and to receive effective acute treatment 

that would affect both predicted and observed risk.  Exceptions to this trend are seen 

in the studies of high risk patients with angiographically normal coronary arteries257 

or with a family history of premature coronary heart disease.258;259  Little difference is 

seen in sensitivity analysis with exclusion of clinical trials and studies conducted 

exclusively in diabetics, patients with a family history of premature cardiovascular 

disease and patients referred for angiography (Figure 17). 

When those studies with a coronary heart disease endpoint are stratified by observed 

risk as shown in Figure 18 and in a sensitivity analysis (Figure 19), the trend largely 

disappears, and suggests that later studies are of lower risk patients.  The higher 

predicted: observed ratios in later studies are probably due to their lower observed 

risk. 

Evidence from studies with cardiovascular disease or mortality outcomes is of limited 

value as the studies are highly heterogeneous in study design and baseline risk.  

There was no indication of any trend in AUROC values with date of baseline 

examination. 

Two studies have specifically addressed the issue of baseline date and differences in 

risk.  Liao et al compared the US NHANES I and II cohorts recruited five years 

apart.133  The predicted: observed risk ratios were 1.12 and 1.54 in men with baseline 

examinations in 1971 and 1976 respectively.  Similarly, in a study by Brindle et al. 

baseline risk scores were calculated in two samples from the same UK male cohort an 

average of five years apart.244  There was a consistent finding across three endpoints 

(fatal and non-fatal myocardial infarction, coronary heart disease mortality and 

cardiovascular disease mortality) of increased predicted: observed ratio in the later 

cohort.  The increased predicted: observed ratios in more recent cohorts could be due 
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to the effect of age or the increasing effectiveness of treatment rather than merely 

lower risk.   

Summary 

The effect of baseline date in meta-analysis is complicated by the trend for more 

recent studies to be of lower risk patients.  Studies that have specifically addressed the 

issue of date of examination have shown increased over-prediction in more recent 

population examinations. 
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Figure 16. External validation studies of Framingham 
risk scores by baseline date of test population excluding 
studies of diabetics 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score  Date

01 Framingham validation studies by baseline date (excluding  diabetic studies) CHD
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet  1960
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet  1960
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander  1961
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander  1972
 Finland Assmann Gemf       67/2046            56/2046          1.20 [0.84, 1.70]          Abbo  1973
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]          Abbo  1973
 Finland Grover cont        89/2030            84/2030          1.06 [0.79, 1.42]          Abbo  1973
 Finland Grover gemf        63/2051            56/2051          1.13 [0.79, 1.60]          Abbo  1973
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander  1978
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander  1979
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander  1979
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo  1979
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander  1979
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander  1982
 USA Becker                 64/736             95/736           0.67 [0.50, 0.91]         Wilso  1983
 USA Blumen total CHD       24/256             56/256           0.43 [0.27, 0.67]         Wilso  1983
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander  1984
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander  1984
 Scotland WOSCOPS Pra      103/1803            81/1803          1.27 [0.96, 1.69]         Ander  1989
 Scotland WOSCOPS con       95/1251            88/1251          1.08 [0.82, 1.43]         Ander  1989
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso  1990
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso  1991
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso  1991
 Germany Schulz              6/42              10/42            0.60 [0.24, 1.50]         Wilso  1992
 Europe Bastuji CHD        285/4127           124/4127          2.30 [1.87, 2.83]         Ander  1994
Subtotal (95% CI) 62836              62836     1.26 [1.07, 1.47] 
Total events: 5282 (Predicted), 3895 (Observed) 
Test for heterogeneity: Chi² = 328.21, df = 24 (P < 0.00001), I² = 92.7%
Test for overall effect: Z = 2.86 (P = 0.004) 
02 Framingham validation studies by baseline date (excluding diabetic studies) CVD
 Australia Simons men      115/755            105/755          1.10 [0.86, 1.40]         Wilso  1988
 Australia Simons wom       94/1045            87/1045          1.08 [0.82, 1.43]         Wilso  1988
 NZ Milne men              277/4638           325/4638          0.85 [0.73, 1.00]         Ander  1992
 NZ Milne women             79/1716            86/1716          0.92 [0.68, 1.24]         Ander  1992
 Europe Bastuji CHD        601/4127           231/4127          2.60 [2.25, 3.01]         Ander  1994
 N Europe/USA Kjeldse      410/9194           479/9194          0.86 [0.75, 0.97]         Ander  1995
Subtotal (95% CI) 21475              21475     1.13 [0.74, 1.73] 
Total events: 1576 (Predicted), 1313 (Observed) 
Test for heterogeneity: Chi² = 158.10, df = 5 (P < 0.00001), I² = 96.8%
Test for overall effect: Z = 0.57 (P = 0.57) 
03 Framingham validation studies by baseline date (excluding diabetic studies) CHD death
 Denmark Thomsen           162/4757           148/4757          1.09 [0.88, 1.36]         Thoms  1971
 USA NHANES1 Liao men      371/2753           331/2753          1.12 [0.98, 1.29]          Liao  1971
 Scotland Brindle m        203/7581           363/7581          0.56 [0.47, 0.66]         Ander  1972
 Scotland Brindle nm       101/4723           130/4723          0.78 [0.60, 1.00]         Ander  1972
 USA MRFIT 92 control      210/6438           226/6438          0.93 [0.77, 1.12]          Abbo  1973
 USA MRFIT 92 interve      172/6428           202/6428         0.85 [0.70, 1.04]          Abbo  1973
 UK Brind C/S79 CHD D      149/3213           154/3213          0.97 [0.78, 1.21]         Ander  1976
 USA NHANES2 Liao men      271/2655           176/2655          1.54 [1.28, 1.85]          Liao  1976
 UK Brindle CHD            270/6643           183/6643          1.48 [1.23, 1.77]         Ander  1978
 UK Brind C/S82 CHD D      167/2467           120/2467          1.39 [1.11, 1.75]         Ander  1982
 USA LRC 92 cholestyr       30/1906            30/1906          1.00 [0.61, 1.65]          Abbo  1984
 USA LRC 92 control         39/1900            38/1900          1.03 [0.66, 1.60]          Abbo  1984
Subtotal (95% CI) 51464              51464     1.02 [0.85, 1.23] 
Total events: 2145 (Predicted), 2101 (Observed) 
Test for heterogeneity: Chi² = 101.70, df = 11 (P < 0.00001), I² = 89.2%
Test for overall effect: Z = 0.26 (P = 0.80) 
04 Framingham validation studies by baseline date (excluding  diabetic studies) CVD death
 Scotland Brindle m        263/7581           505/7581          0.52 [0.45, 0.60]         Ander  1972
 Scotland Brindle nm       132/4723           191/4723          0.69 [0.56, 0.86]         Ander  1972
 UK Brind C/S79 CVD D      151/3213           190/3213          0.79 [0.65, 0.98]         Ander  1979
 UK Brind C/S82 CVD D      183/2467           158/2467          1.16 [0.94, 1.42]         Ander  1982
Subtotal (95% CI) 17984              17984     0.76 [0.53, 1.07] 
Total events: 729 (Predicted), 1044 (Observed) 
Test for heterogeneity: Chi² = 40.39, df = 3 (P < 0.00001), I² = 92.6%
Test for overall effect: Z = 1.56 (P = 0.12) 
Total (95% CI) 153759             153759     1.12 [0.99, 1.27] 
Total events: 9732 (Predicted), 8353 (Observed) 
Test for heterogeneity: Chi² = 794.60, df = 46 (P < 0.00001), I² = 94.2%
Test for overall effect: Z = 1.85 (P = 0.06) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 
1999 (Liao), Thomsen 2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Figure 17. External validation studies of Framingham 
risk scores by baseline date of test population excluding 
studies of diabetics.  

Sensitivity analysis excluding studies with explicit 
sources of heterogeneity 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score Date

01 Framingham validation studies by baseline date (excluding  diabetic studies) CHD
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet  1960
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet  1960
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander  1961
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander  1972
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander  1978
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander  1979
 Germany Mu Hense wom       89/3155            31/3155         2.87 [1.91, 4.31]         Ander  1979
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo  1979
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander  1979
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander  1982
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander  1984
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander  1984
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso  1990
 France Empana             463/7359           197/7359         2.35 [2.00, 2.77]         Wilso  1991
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso  1991
Subtotal (95% CI) 46448              46448     1.42 [1.18, 1.72] 
Total events: 4410 (Predicted), 3161 (Observed) 
Test for heterogeneity: Chi² = 241.47, df = 14 (P < 0.00001), I² = 94.2%
Test for overall effect: Z = 3.64 (P = 0.0003) 
02 Framingham validation studies by baseline date (excluding diabetic studies) CVD
 Australia Simons men      115/755            105/755           1.10 [0.86, 1.40]         Wilso  1988
 Australia Simons wom       94/1045            87/1045          1.08 [0.82, 1.43]         Wilso  1988
 NZ Milne men              277/4638           325/4638          0.85 [0.73, 1.00]         Ander  1992
 NZ Milne women             79/1716            86/1716          0.92 [0.68, 1.24]         Ander  1992
Subtotal (95% CI) 8154               8154     0.96 [0.84, 1.09] 
Total events: 565 (Predicted), 603 (Observed) 
Test for heterogeneity: Chi² = 4.02, df = 3 (P = 0.26), I² = 25.4% 
Test for overall effect: Z = 0.67 (P = 0.50) 
03 Framingham validation studies by baseline date (excluding diabetic studies) CHD death
 Denmark Thomsen           162/4757           148/4757          1.09 [0.88, 1.36]         Thoms  1971
 USA NHANES1 Liao men      371/2753           331/2753          1.12 [0.98, 1.29]          Liao  1971
 Scotland Brindle m        203/7581           363/7581          0.56 [0.47, 0.66]         Ander  1972
 Scotland Brindle nm       101/4723           130/4723          0.78 [0.60, 1.00]         Ander  1972
 UK Brind C/S79 CHD D      149/3213           154/3213          0.97 [0.78, 1.21]         Ander  1976
 USA NHANES2 Liao men      271/2655           176/2655          1.54 [1.28, 1.85]          Liao  1976
 UK Brindle CHD            270/6643           183/6643          1.48 [1.23, 1.77]         Ander  1978
 UK Brind C/S82 CHD D      167/2467           120/2467          1.39 [1.11, 1.75]         Ander  1982
Subtotal (95% CI) 34792              34792     1.06 [0.83, 1.37] 
Total events: 1694 (Predicted), 1605 (Observed) 
Test for heterogeneity: Chi² = 96.15, df = 7 (P < 0.00001), I² = 92.7%
Test for overall effect: Z = 0.48 (P = 0.63) 
04 Framingham validation studies by baseline date (excluding  diabetic studies) CVD death
 Scotland Brindle m        263/7581           505/7581          0.52 [0.45, 0.60]         Ander  1972
 Scotland Brindle nm       132/4723           191/4723          0.69 [0.56, 0.86]         Ander  1972
 UK Brind C/S79 CVD D      151/3213           190/3213          0.79 [0.65, 0.98]         Ander  1979
 UK Brind C/S82 CVD D      183/2467           158/2467         1.16 [0.94, 1.42]         Ander  1982
Subtotal (95% CI) 17984              17984     0.76 [0.53, 1.07] 
Total events: 729 (Predicted), 1044 (Observed) 
Test for heterogeneity: Chi² = 40.39, df = 3 (P < 0.00001), I² = 92.6%
Test for overall effect: Z = 1.56 (P = 0.12) 
Total (95% CI) 107378             107378     1.16 [1.00, 1.34] 
Total events: 7398 (Predicted), 6413 (Observed) 
Test for heterogeneity: Chi² = 559.08, df = 30 (P < 0.00001), I² = 94.6%
Test for overall effect: Z = 2.01 (P = 0.04) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 1999 (Liao), Thomsen 
2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Figure 18. External validation studies of Framingham 
risk scores by baseline date of test with populations 
stratified by low, medium and high risk groups, 
excluding studies of diabetics.  CHD outcome only 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score  Date

02 Low risk 
 Finland Assmann Gemf       67/2046            56/2046         1.20 [0.84, 1.70]          Abbo  1973
 Finland Grover gemf        63/2046            56/2046          1.13 [0.79, 1.60]          Abbo  1973
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander  1979
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander  1979
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo  1979
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander  1984
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander  1984
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso  1991
Subtotal (95% CI) 28542              28542     1.77 [1.44, 2.18] 
Total events: 1668 (Predicted), 886 (Observed) 
Test for heterogeneity: Chi² = 38.21, df = 7 (P < 0.00001), I² = 81.7%
Test for overall effect: Z = 5.39 (P < 0.00001) 
03 Medium risk 
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet  2960
 Finland Assmann cont       76/2030            84/2030          0.90 [0.67, 1.23]          Abbo  2973
 Finland Grover cont        89/2030            84/2030          1.06 [0.79, 1.42]          Abbo  2973
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander  2978
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander  2979
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander  2982
 Scotland WOSCOPS Pra      103/1803            81/1803          1.27 [0.96, 1.69]         Ander  2989
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso  2990
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso  2991
 Europe Bastuji CHD        285/4127           124/4127          2.30 [1.87, 2.83]         Ander  2994
Subtotal (95% CI) 27990              27990     1.31 [1.13, 1.53] 
Total events: 2700 (Predicted), 1913 (Observed) 
Test for heterogeneity: Chi² = 52.90, df = 9 (P < 0.00001), I² = 83.0%
Test for overall effect: Z = 3.59 (P = 0.0003) 
04 High risk 
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet  3960
 USA Orford ESC            222/1393           206/1393          1.08 [0.91, 1.28]         Ander  3961
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander  3972
 USA Becker                 64/736             95/736           0.67 [0.50, 0.91]         Wilso  3983
 USA Blumen total CHD       24/256             56/256           0.43 [0.27, 0.67]         Wilso  3983
 Scotland WOSCOPS con       95/1251            88/1251          1.08 [0.82, 1.43]         Ander  3989
 Germany Schulz              6/42              10/42            0.60 [0.24, 1.50]         Wilso  3992
Subtotal (95% CI) 6283               6283     0.81 [0.66, 0.99] 
Total events: 914 (Predicted), 1096 (Observed) 
Test for heterogeneity: Chi² = 25.90, df = 6 (P = 0.0002), I² = 76.8%
Test for overall effect: Z = 2.09 (P = 0.04) 
Total (95% CI) 62815              62815     1.26 [1.07, 1.47] 
Total events: 5282 (Predicted), 3895 (Observed) 
Test for heterogeneity: Chi² = 328.22, df = 24 (P < 0.00001), I² = 92.7%
Test for overall effect: Z = 2.86 (P = 0.004) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 
1999 (Liao), Thomsen 2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Figure 19. External validation studies of Framingham 
risk scores by baseline date of test with populations 
stratified by low, medium and high risk groups, 
excluding studies of diabetics.  

Sensitivity analysis excluding studies with explicit 
sources of heterogeneity 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score  Date

04 Low risk 
 Germany Mu Hense men      544/5527           307/5527          1.77 [1.55, 2.03]         Ander  1979
 Germany Mu Hense wom       89/3155            31/3155          2.87 [1.91, 4.31]         Ander  1979
 Germany Schulte            68/2623            61/2623          1.11 [0.79, 1.57]          Abbo  1979
 Germany Au Hense men      292/2861           146/2861          2.00 [1.65, 2.42]         Ander  1984
 Germany Au Hense wom       82/2925            32/2925          2.56 [1.71, 3.84]         Ander  1984
 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]         Wilso  1991
Subtotal (95% CI) 24450              24450     2.00 [1.63, 2.44] 
Total events: 1538 (Predicted), 774 (Observed) 
Test for heterogeneity: Chi² = 22.51, df = 5 (P = 0.0004), I² = 77.8%
Test for overall effect: Z = 6.72 (P < 0.00001) 
05 Medium risk 
 USA Brand Age 39-49       141/2249           145/2249          0.97 [0.78, 1.22]         Truet  1960
 UK Brindle CHD           1062/6643           677/6643          1.57 [1.43, 1.72]         Ander  1978
 UK Brind C/S79 CHD        343/3213           276/3213          1.24 [1.07, 1.44]         Ander  1979
 UK Brind C/S82 CHD        325/2467           238/2467          1.37 [1.17, 1.60]         Ander  1982
 USA Greenland 2004        115/1029            84/1029          1.37 [1.05, 1.79]         Wilso  1990
 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]         Wilso  1991
Subtotal (95% CI) 18000              18000     1.31 [1.15, 1.50] 
Total events: 2147 (Predicted), 1540 (Observed) 
Test for heterogeneity: Chi² = 18.90, df = 5 (P = 0.002), I² = 73.5% 
Test for overall effect: Z = 3.96 (P < 0.0001) 
06 High risk 
 USA Brand age 50-59       102/905            112/905           0.91 [0.71, 1.17]         Truet  1960
 USA Orford ESC            222/1393           206/1393         1.08 [0.91, 1.28]         Ander  1961
 UK Ramachandran           401/1700           529/1700          0.76 [0.68, 0.85]         Ander  1972
Subtotal (95% CI) 3998               3998     0.90 [0.71, 1.14] 
Total events: 725 (Predicted), 847 (Observed) 
Test for heterogeneity: Chi² = 11.53, df = 2 (P = 0.003), I² = 82.7% 
Test for overall effect: Z = 0.87 (P = 0.38) 
Total (95% CI) 46448              46448     1.42 [1.18, 1.72] 
Total events: 4410 (Predicted), 3161 (Observed) 
Test for heterogeneity: Chi² = 241.47, df = 14 (P < 0.00001), I² = 94.2%
Test for overall effect: Z = 3.64 (P = 0.0003) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 1999 (Liao), Thomsen 
2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Hypertensive patients 

The studies that examined the generalisability of Framingham predictive models in 

hypertensive subjects were all randomised controlled trials and are summarised in 

Figure 20.  In these trials, the predicted: observed ratios were dependent on the 

background risk of the population as discussed previously. 

Summary 

Studies including only hypertensive patients were all randomised controlled trials.   

 
Figure 20. Framingham validation in hypertensives 
(excluding studies of diabetics) 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Score  Rate*

01 Framingham by incidence rate CHD
 Finland Grover gemf        63/2051            56/2051          1.13 [0.79, 1.60]          Abbo     5
 Finland Assmann Gemf       67/2046            56/2046          1.20 [0.84, 1.70]          Abbo     7
 Europe Bastuji CHD        285/4127           124/4127          2.30 [1.87, 2.83]         Ander     8
 Finland Grover cont        89/2030            84/2030          1.06 [0.79, 1.42]          Abbo     8
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]          Abbo    10
Subtotal (95% CI) 12300              12300     1.25 [0.85, 1.86] 
Total events: 580 (Predicted), 404 (Observed) 
Test for heterogeneity: Chi² = 35.85, df = 4 (P < 0.00001), I² = 88.8%
Test for overall effect: Z = 1.13 (P = 0.26) 
02 Framingham by incidence rate CVD
 Europe Bastuji CVD        601/4127           231/4127          2.60 [2.25, 3.01]         Ander    15
 N Europe/USA Kjeldse      410/9194           479/9194          0.86 [0.75, 0.97]         Ander    52
Subtotal (95% CI) 13321              13321     1.49 [0.50, 4.44] 
Total events: 1011 (Predicted), 710 (Observed) 
Test for heterogeneity: Chi² = 126.07, df = 1 (P < 0.00001), I² = 99.2%
Test for overall effect: Z = 0.72 (P = 0.47) 
03 Framingham by incidence rate CHD death 
 USA MRFIT 92 control      210/6438           226/6438          0.93 [0.77, 1.12]          Abbo     3
 USA MRFIT 92 interve      172/6428           202/6428          0.85 [0.70, 1.04]          Abbo    11
Subtotal (95% CI) 12866              12866     0.89 [0.78, 1.02] 
Total events: 382 (Predicted), 428 (Observed) 
Test for heterogeneity: Chi² = 0.39, df = 1 (P = 0.53), I² = 0% 
Test for overall effect: Z = 1.64 (P = 0.10) 
Total (95% CI) 38487              38487     1.21 [0.86, 1.70] 
Total events: 1973 (Predicted), 1542 (Observed) 
Test for heterogeneity: Chi² = 194.52, df = 8 (P < 0.00001), I² = 95.9%
Test for overall effect: Z = 1.07 (P = 0.29) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

* % 10-year risk  

Score refers to Abbott 1987 as modified by Grover 1992 (Abbo), Anderson 1991 (Ander), Liao 1999 (Liao), Thomsen 
2002 (Thoms), Truett 1967 (Truet) and Wilson 1998 (Wilso) 
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Socio-economic groups 

Despite well-known differences in rates of cardiovascular disease, only the study of 

Brindle et al. specifically examined the predictive accuracy of the Framingham risk 

score in different socio-economic groups.242  In a Scottish population, cardiovascular 

disease mortality was underestimated by 48% in participants with manual occupations 

compared to an underestimation of 31% in those with non-manual occupations.  This 

trend was confirmed using area-based measures of deprivation derived from the 

Carstairs index.  Discrimination was also somewhat worse in manual compared with 

non-manual occupations, with AUROC c-statistic values of 72.0 and 74.4 

respectively. 

Summary 

Little research has been conducted on the accuracy of risk scoring in different 

socio-economic groups.  One study showed increased under-estimation of 

risk of cardiovascular death in manual workers and more deprived groups. 

Age 

Hense et al observed a slight trend for reduced over-prediction with increasing age, 

particularly in women.237  This was consistent with the findings of higher predicted: 

observed ratios in lower risk populations.  However the number of individuals with 

observed events in the youngest age group was small.  Other validation studies 

included ages between 30 and 75 and there is no opportunity to observe validation in 

specifically younger or older cohorts.  van der Meer studied a population aged 55 and 

over with a mean age of 70 but no information on predicted: observed ratio was 

reported.  In a study by Greenland et al., the Wilson predictive model for coronary 

heart disease mortality provided reasonable prediction of long term risk of coronary 

heart disease death in US men aged 18-39.127 

Summary 

There is little evidence on the validity of Framingham risk scoring methods in 

different age groups.  Most validation studies have selected patients equivalent to the 

range studied in the derivation of Framingham-Anderson and Wilson methods (30-74 

years).  One study reported good prediction in younger US men. 
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Ethnic group 

The Framingham Heart Study population is ethnically homogenous and few studies 

have specifically examined its generalisability in non-white populations.  The rates of 

cardiovascular disease and levels of risk factors vary between ethnic groups so it 

might be expected that the Framingham score may perform variably in different 

ethnic groups.271-273   

D’Agostino et al. assessed the predictive accuracy of a Framingham derived risk score 

in cohort studies consisting of predominantly non-white populations in the USA.129  

Sex-specific coronary heart disease functions were derived from Framingham data for 

prediction of coronary death and myocardial infarction and applied to six prospective, 

ethnically diverse cohorts (n=23,424), including whites, African-Americans, Native 

Americans, Japanese American men, and Hispanic men.  The authors examined the 

relative risks attributable to individual coronary heart disease risk factors, and the 

calibration and discrimination of the prediction models. 

For white and black men and women the Framingham functions performed reasonably 

well for prediction of coronary heart disease death and myocardial infarction within 5 

years of follow-up.  This is shown in graph form with predicted and actual five-year 

risk of a coronary heart disease event in deciles of risk.  However, among Japanese-

American and Hispanic men and Native American women, the Framingham functions 

systematically overestimated the risk of 5-year coronary heart disease events.  In the 

NHANES I and II studies, discrimination was less good in both male and female 

blacks.  The authors went on to perform a recalibration, taking into account the 

different prevalence of risk factors and underlying rates of developing coronary heart 

disease, and found that the recalibrated Framingham functions predicted levels of 

absolute risk well in these populations.  

Summary 

Calibration is poor in certain ethnic groups.  The Framingham models were derived in 

a predominantly white population.  Appropriately re-calibrated Framingham 

prediction models may have use in risk estimation in different ethnic groups. 
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Comparison of predicted risk in a population with observed risk from 
population statistics (cross-sectional)  

Several reports were identified where authors estimated cardiovascular risk in 

a population and compared this with the observed risk of an appropriate 

reference population.  These are summarised in Table 11. 



Table 11. Comparison of predicted risk in a population with observed risk from population 
statistics (cross-sectional)  

 Population 
Reference 
Date 
Outcome 

Cohort type Results 

Framingham Anderson 
Belgium De Henauw236 Charleroi and Ghent, Belgium

MONICA centres. 
 Community  

Regional CHD incidence rates. 
1985-1992 
CHD 

c 50% men 
Age 25-64 
N=2000 (3 separate 
cohorts total 6000) 

Predicted risk in Charleroi was 5-21% greater than in Ghent. The 
reference CHD incidence in Charleroi was 50% greater than Ghent. 
There was no predicted change in CHD incidence with time in
Charleroi and Ghent. There was an actual increase in CHD
incidence in Charleroi and a decrease in Ghent according to
reference data 

France & Sweden 
Simon 1997254 

Similar cohorts in France and
Sweden. 

 Occupational 

Mortality statistics 
1993 
CHD 

100% men 
Age 45-50 
N=1800 

Predicted risk was similar in French (3.6%, SD 2.7) and Swedish
(3.9%, SD 2.8) occupational cohorts. CHD mortality 50% higher in 
Sweden than France. 

Japan Furuya 2001263 Kanagawa, Japan. 
Comparable cohort studies 
1998 
CHD 

Health check 
31% men 
N=1652 

Predicted risk was higher than observed in Japanese cohort
studies 

Spain Brotons2003274 Barcelona, Spain. Patients with first
coronary event. 

 Hospital 

Matched controls 
1999 
CHD 

Cases 59% men 
Controls 39% men 
Cases N=138 
Controls N=223 

Patients with a CHD risk >20% had a six times higher probability of 
being a case than a control (OR 6.09 95%CI 3.30,11.22) 
Area under ROC curve 0.735 
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Population 
Reference 
Date 
Outcome 

Cohort type Results 

UK Bhopal 200545 NewcastleHealth and Lifestyle
Survey, UK 

 Community 

England and Wales CHD and
stroke mortality statistics 

 Age 25-74 

1993-1994 
CHD, stroke 

47% men 

N=1877 (tables) 
39% European 
31% South Asian 
12% Indian 
14% Pakistani 
5% Bangladeshi 
 

Authors compared national SMRs for CHD with predicted CHD risk
in different ethnic groups. Predicted CHD risk in non Euopean
groups was higher than in Europeans, consistent with national
SMRs with the exception of Indian men and Bangladeshi women
(note small numbers of Bangaldeshi patients).  Estimated stroke
risk compared poorly with national SMRs for stroke. 

UK Chambers 2001245 West London, UK. 
Mortality statistics 
1995-1998 
CHD 

Community 
100% men 
Age 35-60 
49% White European 
51% Indian Asian 
N=1025 
 

In white Europeans predicted risk was comparable to observed
from mortality statistics. In Indian Asians the predicted risk was
about 50% lower than that observed in mortality statistics. 

Framingham Wilson 
England Quirke 2003246 Health Survey for England. 

Mortality statistics 
1998 & 1999 
CHD 

Community 
48% men 
Age 35-74 
N=8406 
 

Predicted difference in risk between ethnic groups was smaller than
expected from standardised mortality ratios. In low mortality groups
there was over-estimation of risk and in high mortality groups there 
was under-estimation of risk. 

Framingham D'Agostino 
Spain Marrugat 2003275 Gerona, Spain. 

CHD registry (1990-1997). 
1995 
CHD 

Community 
48% men 
Age 35-74 
N=1480 

Predicted risk was higher than observed in both men (P:O 2.7) and
women (P:O 2.1).  

 



Observed risk 

Marrugat et al. compared the predicted risk of coronary heart disease in a random 

sample from Gerona in Spain with the event rate from the local myocardial infarction 

registry.241  This area, in common with other southern European countries, has a low 

rate of coronary heart disease.  The Framingham-D’Agostino 2001 predictive model 

overestimated the risk of coronary death and myocardial infarction with predicted: 

observed ratios of 2.7 in men and 2.1 in women.  In a similar comparison in Japan, 

Furuya et al. reported that predicted risk using the Framingham-Anderson model was 

higher in a population attending a health check than rates observed in comparable 

Japanese cohort studies.263 

In a study comparing Framingham-Anderson risk estimates with local incidence rates, 

Chambers et al. noted that risk was underestimated in a higher risk UK Indian Asian 

population whereas the estimated risk was reasonably accurate in European whites.245  

Similarly, Quirke et al. observed over-estimation of risk in UK ethnic groups with low 

and under-estimation in those with high standardised mortality ratios.246 

In two centres in Belgium with differing coronary heart disease incidence, the 

Framingham-Anderson model underestimated the actual difference in event rates and 

was unable to predict changes in coronary heart disease incidence attributable to risk 

factor changes.236  Using a similar approach Simon et al. calculated coronary heart 

disease risk in two occupational cohorts from areas with differing coronary heart 

disease mortality rates.254  The Framingham-Anderson model predicted that risk did 

not differ between the cohorts in spite of a 50% difference in CHD mortality. 

Brotons et al. conducted a case-control study including patients admitted for a first 

coronary event and matched controls.274  They noted a reasonable ability of the 

Framingham Anderson model to discriminate between heart disease patients and 

controls. 

Summary 

As with longitudinal studies, comparison of estimates of risk in cross-sectional studies 

with regional cardiovascular disease statistics showed over-estimation of risk in 

populations with low observed risk.  Studies comparing predicted risk in areas with 
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known differences in coronary heart disease risk were unable to predict the observed 

differences. 

Ethnic group 

Quirke et al. compared Framingham-Wilson coronary heart disease risk scores in the 

1998 and 1999 Health Surveys for England (HSE) with previously published 

measures of coronary heart disease mortality.246  They reported significantly over-

estimated coronary risk in Caribbean and Chinese men and Chinese women, and 

under-estimated risk in Indian, Irish and Pakistani men, and Indian and Irish women.  

Numbers in some groups were small.  The authors note that cross-sectional data and 

mortality data were drawn from different populations and that the mortality data used 

country of birth as its definition of ethnicity, while ethnicity in the HSE is self-

reported.  

Chambers et al. compared the performance of the Framingham-Anderson CHD 

function in different ethnic groups.245  In white Europeans they found reasonable 

comparability with expected rates from mortality statistics.  However, in Indian 

Asians the predicted risk was about half that expected according to mortality statistics.   

This comparative underestimation was also noted in men but not women of Indian 

origin in the Newcastle Health and Lifestyle Survey.45  In this study standardised 

mortality ratios from national statistics were compared with predicted risk in South 

Asian, Indian, Pakistani and Bangladeshi groups using people of European origin as a 

reference.  Framingham-Anderson risk was higher in other ethnic groups excepting 

Indian men compared with Europeans and this was consistent with the national 

standardised mortality ratios.  An exception to this was Bangladeshi women who had 

a raised estimate of risk but a lower standardised mortality ratio than Europeans.  The 

small number in the study from this group may explain this. 

Summary 

As with longitudinal study designs, cross-sectional studies suggest that Framingham-

based risk scoring methods do not accurately estimate risk in some ethnic groups. 

External validation of PROCAM risk prediction 

External validation of PROCAM derived risk scores has been reported in 7 

populations as described in Appendix 6 and summarised in Table 13.  Information 
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from studies with information relating to calibration and discrimination of PROCAM 

risk scoring methods is summarised in Table 14. 

 



Table 13. External validation studies of PROCAM risk scoring methods  

Type of study 
Location 
First author) 
 

Name of cohort  PROCAM 
method 

Specific inclusion 
criteria 

Gender Age Start date of 
recruitment 

Notes 

Community studies 
 
UK, Chambers 2001245 West London Unspecified  100% men 35-60 1995-1998 Comparison of cross-

sectional survey with 
contemporary incidence 
data 

Italy, Ferrario 
200537 

CUORE cohorts project. 11 of 
17 Italian cohorts 

10-year Assmann 2002  100% 
men 

35-69 1983-1996 Longitudinal 
Limited data 

Combined community and occupational studies 
 
Northern Ireland, 
Empana 2003250 

PRIME, Northern Ireland 10-year Assmann 2002  100% men 50-59 1991-1993 Logitudinal 

Occupational studies 
 
France, Empana 
2003250 

PRIME, France 10-year Assmann 2002  100% men 50-59 1991-1993 Logitudinal 

Specific patient groups 
 
Germany, Schu
2003257 

lz  10-year Assmann 2002 Patients with CHD negative 
coronary angiography  

100% men Mean age 
53 

1992 Logitudinal 

Randomised controlled trials 
 
Finland, Assmann 
1990146 

Helsinki Heart Study Assmann 1990 Asymptomatic primary 
dyslipidaemia; gemfibrozil 

100% men 40-55 1973- Logitudinal 

Finland, Assmann 
1990146 

Helsinki Heart Study Assmann 1990 Asymptomatic primary 
dyslipidaemia: controls 

100% men 40-55 1973- Logitudinal 
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 Forest plot label Group 
 

Cohort 
 

Outcome
 

Total Pred Pred 
 

Total Obs Obs
 

Follow up Rate 
 

P:O 
 

AUROC 
 

Finland Assmann 1990146 Finland Assmann Gemf Gemfibrozil Trial  CHD 2051 61 2051 56 5 5.46 1.0893  
Finland Assmann 1990146 Finland Assmann Cont Placebo Trial CHD 2030 82 2030 84 5 8.28 0.9762  
France Empana 2003250 France Empana  Community &

occupational 
 CHD 7359 544 7359 197 5 5.35 2.7614 0.64 

Germany Schulz 2003257 Germany Schulz  Angiography CHD 42 6 42 10 10 23.8 0.6  
Italy, Ferrario 200537             
Northern Ireland Empana
2003250 

 NI Empana  Community CHD 2399 214 2399 120 5 10 1.7833 0.61 

UK Chambers 2001245   Community CHD         

169 

Table 14. PROCAM external validation studies: calibration and discrimination data 

 



Results  

Risk scoring based on PROCAM prediction models showed reasonable 

calibration in both intervention and control groups of a randomised control trial 

of anti-hypertensive medication (Assmann 1990).  There was a trend within 

this trial for slight over-prediction of coronary heart disease incidence in the 

lower observed risk intervention group and slight under-prediction in the 

higher observed risk control group.  This was also noticeable in the PRIME 

study where a PROCAM risk score markedly over-estimated CHD risk in two 

areas with differing levels of observed CHD risk.250.  In France, where the 

observed CHD risk was particularly low, over-prediction was greater than in 

Northern Ireland where the observed CHD risk was higher.  Ferrario et al. 

showed substantial over-estimation of coronary heart disease risk at all levels 

of observed risk in pooled data from 11 lower risk Italian cohorts.37  In an 

extremely high risk population Schulz et al observed a trend for under-

prediction.257 

Using a cross-sectional study design, Chambers et al compared PROCAM 

estimates of CHD risk in Asians and Europeans with reported CHD mortality 

rates.245  The risk score substantially under-estimated CHD risk in Asians and 

was unable to replicate the observed disparity in CHD mortality rates between 

Asians and Europeans.  Framingham and Dundee methods also performed 

poorly in this study. 

Figure 21 shows a forest plot of PROCAM external validation studies ordered 

by observed level of risk.  Overall, no trend was observed for under-prediction 

at high levels of observed risk.  However the same studies showed similar 

predicted: observed ratios when prediction based on Framingham models was 

used (Figure 22).  This suggests that the range of studies is inadequate to 

draw conclusions on the validity of PROCAM methods, but suggests that the 

PROCAM and Framingham methods may give similar prediction in test 

populations. 

Summary 

Although there are considerably less validation studies of PROCAM than 

Framingham-based risk scoring methods, the tendency for poor calibration at 
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extremes of risk are evident.  When risk estimates are compared in studies using the 

two methods, the pattern of risk prediction is very similar.  As with Framingham 

methods, the accuracy of PROCAM risk scoring methods was poor in some ethnic 

groups.
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Figure 21. All external validation studies of PROCAM 

risk scores with information on predicted and observed 

risk, ordered by the observed risk in the test populations  
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Risk*

 France Empana             544/7359           197/7359          2.76 [2.35, 3.24]             5
 Finland Assmann Gemf       61/2046            56/2046          1.09 [0.76, 1.56]             7
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]            10

 NI Empana                 214/2399           120/2399          1.78 [1.44, 2.21]            10
 Germany Schulz              6/42              10/42            0.60 [0.24, 1.50]            24

Total (95% CI) 13892              13892     1.34 [0.82, 2.19] 
Total events: 901 (Predicted), 467 (Observed) 
Test for heterogeneity: Chi² = 59.72, df = 4 (P < 0.00001), I² = 93.3%
Test for overall effect: Z = 1.15 (P = 0.25) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

* % 10-year risk 
 

 

Figure 22. External validation studies of Framingham 
risk scores with PROCAM validation ordered by the 
observed risk in the test 
 

Study  Predicted  Observed RR (random) RR (random) 
or sub-category n/N  n/N 95% CI 95% CI Risk*

 France Empana             463/7359           197/7359          2.35 [2.00, 2.77]             5
 Finland Assmann Gemf       67/2046            56/2046          1.20 [0.84, 1.70]             7
 Finland Assmann cont       76/2046            84/2046          0.90 [0.67, 1.23]            10

 NI Empana                 161/2399           120/2399          1.34 [1.07, 1.69]            10
 Germany Schulz              6/42              10/42            0.60 [0.24, 1.50]            24

Total (95% CI) 13892              13892     1.25 [0.81, 1.93] 
Total events: 773 (Predicted), 467 (Observed) 
Test for heterogeneity: Chi² = 44.03, df = 4 (P < 0.00001), I² = 90.9%
Test for overall effect: Z = 1.00 (P = 0.32) 

0.1 0.2 0.5 1 2 5 10
Under-prediction Over-prediction

* % 10-year risk 
 

 172



 173

External validation of Dundee risk score 

External validation of Dundee derived risk scores has been reported in five 

populations as described in Appendix 6 and summarised in Table 15.  No complete 

information on calibration and discrimination was available but relevant data are 

summarised in Table 16. 

 

 



Table 15. Validation studies of Dundee risk scores 

Type of study 
Location (first 
author) 
 

Name of cohort  Dundee 
method 

Specific 
inclusion 
criteria 

Gender Age Start date of 
recruitment 

Notes 

Community studies 
 
UK, Chambers 2001245 West London Risk equation  100% men 35-60 Not specified Cross-sectional 
Spain, Vega Alonso 1996276 Valladolid, Spain Coronary risk -disk  50% men 35-64 1994 Cross-sectional 
Combined community and occupational studies 
 
Northern Ireland, Empana 
2003277 

PRIME, Northern Ireland Risk function  100% men 35-64  Logitudinal 

Occupational studies 
 
France, Empana 2003277 PRIME, France Risk function  100% men 50-59  Logitudinal 
Tunstall-Pedoe 199140 Whitehall Study, London, UK Score  100% men 40-59 Not specified Logitudinal 
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Group 
 

Cohort 
 

Outcome 
 

Total 
Pred 

Pred 
 

Total 
Obs 

Obs 
 

Follow 
up 

Rate 
 

P:O 
 

AUROC 
 

Spain, Vega Alonso 1996276  Community CHD         
France, Empana 2003278  Occupational CHD 7359  7359     <0.7 

Northern Ireland, Empana 2003278  Community 
and 
ocupational 

CHD 2399  2399     <0.7 

UK, Chambers 2001245  Community          
UK, Tunstall-Pedoe 199140  Occupational CHD death 15,395  15,395 195 5    
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Table 16. Dundee external validation studies: calibration and discrimination data 

 

 

 



Empana 2003278 reported a systematic over-estimation of coronary heart 

diseas risk by the Dundee coronary risk score in both French and Northern 

Irish cohorts.  Discrimination was also poor with c-statistics from AUROC 

curves less than 0.7 in both populations.  This was consistent with the poor 

performance of Framingham and PROCAM prdiction models in these cohorts.  

In an occupational cohort Tunstall-Pedoe reported increasing risk of coronary 

heart disease death with increasing Dundee score.  No information on 

discrimination was provided. 

Two reports were identified where authors estimated cardiovascular risk in a 

population and compared this with the observed risk of an appropriate 

reference population.  Chambers et al. compared coronary heart disease risk 

in Asian and Europeans patients from UK general practices with coronary 

heart disease mortality statistics.245  Predicted five-year risk of coronary heart 

disease in Asians was 4.0% (SD 3.2) and in Europeans 5.7% (SD 5.2).  This 

was not consistent with the increased risk of coronary heart disease death in 

Asians compared with Europeans.  Prediction was also poor using PROCAM 

and Framingham equations. 

Vega Alonso et al. compared risk calculated using the Dundee coronary risk 

disk in a Spanish community survey.276  They found that the estimated risk of 

coronary heart disease compared well with the observed risk in studies 

conducted in the same region. 

Summary 

Results of validation studies of Dundee-based risk scoring methods were reasonably 

similar to those observed for PROCAM and Framingham methods.  In populations 

with low risk there was tendency for over-estimation of risk, with the exception of one 

cross-sectional comparison where prediction was good.  Estimates of known 

differences in coronary heart disease risk in different ethnic groups were also poor. 

External validation of other risk scoring methods 

Few validation studies have been conducted on studies other than Framingham, 

PROCAM and Dundee risk scoring methods.  These are described in Appendix 6 and 

summarised here. 
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SCORE 

Aktas et al. applied the SCORE risk scoring method in a prospective study of 

asymptomatic people aged 50-75 years examined between 1990 and 2002.109  Follow 

up was for a mean of eight years with all-cause mortality as the outcome.  The defined 

outcome of the SCORE method is cardiovascular death and therefore the value of this 

validation exercise is limited.  The authors reported that SCORE predicted death 

strongly with a relative risk of death of 1.09 (95%CI 1.07,1.11) for each 1% increase 

in predicted risk of cardiovascular death.  The c-statistic representing the area under 

the ROC curve was 0.73.  This was favourable when compared with the value when 

using the Framingham-D’Agostino 2001 risk function with coronary heart disease as 

the outcome. 

UKPDS 

Two studies of the external validation of the UKPDS risk engine were identified.  

Protopsaltis et al. reported poor discrimination in a diabetic cohort with a c-statistic 

value of 0.61.113  Discrimination using a Framingham-derived method was also poor 

with a c-statistic of 0.65.  McEwan et al. also reported poor discrimination using the 

UKPDS risk engine with a c-statistic of 0.62,112 similar to the c-statistics of 0.64 and 

0.66 reported in the same cohort in men and women using a Framingham-based 

method. 

ERICA 

The ERICA method compared well with a model derived in the Busselton cohort.30 

Bombay 

The risk scoring method derived in a Bombay cohort by Mukherjee et al. was tested in 

an independent group by the authors.25  They found that the score was predictive of 

prevalent myocardial ischaemia but did not present long term follow up data. 

Nagpur 

Zodpey et al. devised a risk scoring method in a study of patients admitted with 

coronary heart disease and age and sex matched controls. 79  The ability of the method 

to discriminate between cases and controls in a separate group was investigated by the 

authors and showed that the predictive accuracy of the method was high with a 
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Wilcoxon estimate 0.70 (95%CI 0.63,0.76).  However, no true prospective validation 

was reported. 

Plovdiv 

Valkov 1995 applied their risk scoring method in a group of 1,538 men.86  They found 

sensitivities and specificities of 78% and 80.8%, and 79.3% and 72.6% in men and 

women respectively. 

Olmsted County 

Tsang et al. developed a risk score which included indices derived from transthoracic 

echocardiography.82  They conducted a validation study in 410 patients and found 

similar hazard ratios associated with the risk score in the validation and derivation 

cohorts. 

Global coronary risk score 

The Global coronary risk score derived in the Belgian inter-university research on 

nutrition and health study was applied in the Belgian physical fitness study.67  The 

method gave a reasonable ranking of predicted risk compared with observed risks. 

Il Progetto Romano di Prevenzione della Cardiopatia Coronarica  

Mariotti et al. compared the performance of the equation and point-scoring method 

derived in the Progetto Romano di Prevenzione della Cardiopatia Coronarica 

population in rural Italian cohorts from the Seven Countries study.98  They found only 

partial overlap between risk groups and identified a risk threshold of 30% as useful 

for the method in this population. 

Direct comparison of risk scoring methods in external validation 

In a few studies there was an attempt at comparing the validity of different risk 

scoring methods in a prospective population study.  In some cases one method was 

derived in the validating population.  As these are not considered to reflect true 

external validation they are not included in the review. 

The studies of Assmann et al.,146 Empana et al.250 and Schulz et al.257 studied various 

Framingham and PROCAM derived risk scoring methods.  Forest plots showing 

predicted: observed ratios in these studies are presented in Figures 21 and 22.  The 

predicted: observed ratios for the five studies were similar by both families of 
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methods.  For Framingham and PROCAM methods the predicted: observed ratios 

were 1.2 and 1.1 (Assmann et al. control group146), 0.9 and 0.9 (Assmann et al. 

intervention group146), 2.4 and 2.8 (Empana et al. France250), 1.3 and 1.8 (Empana et 

al. Northern Ireland 250) and 0.6 and 0.6 (Schulz et al.257). 

Empana et al. also reported comparisons of the Dundee risk function with PROCAM 

and Framingham methods for estimation of coronary heart disease risk.278  They 

observed poor discrimination in the PRIME cohorts of men in France and Northern 

Ireland with area under ROC curve values less than 0.7 for all methods.  All methods 

systematically over-estimated the number of events observed in both populations. 

Aktas et al. compared the Framingham-D’Agostino 2001 prediction model and the 

SCORE risk scoring method in a prospective study of 3554 asymptomatic US men 

and women aged 50-75 years examined between 1990 and 2002.109  Follow up was 

for a mean of eight years with all-cause mortality as the outcome.  The authors 

reported that SCORE method was superior to the Framingham-D’Agostino 2001 

method in estimating risk of death from all causes.  The c-statistic representing the 

area under the ROC curve was 0.73 using the SCORE method and 0.57 using the 

Framingham model.  This suggests discrimination is considerably better by the 

SCORE method compared to the Framingham model in this cohort with all-cause 

mortality as the outcome. 

Knuiman et al. compared the ERICA risk scoring method and the Framingham-

Leaverton and NHEFS prediction models in an Australian population of 3891 men 

and women followed up for 10 years for the outcome of coronary heart disease 

death.30  The authors compared the numbers of coronary heart disease deaths 

estimated in quintiles of risk with observed events.  The methods compared well with 

each other in this measure of calibration and also with a model derived in the 

Busselton cohort. 

Kornitzer et al. compared the Global coronary risk score derived in a Belgian 

population with the Framingham-Anderson equation in a separate Belgian cohort.67  

Predicted risk of coronary heart disease death was similar by both methods. 

In a cohort of 339 diabetic men and women, Protopsaltis et al. compared coronary 

artery disease risk estimated using the Framingham-Wilson prediction model and the 

UKPDS model designed specifically for people with type 2 diabetes.113  Area under 
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ROC curves were 0.65 and 0.61 for Framingham and UKPDS models respectively.  

Although it includes a variable relating to severity of diabetes (HbA1c) the authors 

conclude that the UKPDS risk score offers no advantage over the Framingham-

Wilson prediction model.  This was consistent with the validation studies reported by 

McEwan et al. in separate analyses of the Cardiff diabetes cohort.112;256  They reported 

area under ROC curve values of 0.62 for the UKPDS model compared with 0.64 and 

0.66 in men and women respectively using the Framingham-Anderson prediction 

model. 

Discussion 

Key findings 

The chief observation of this review of external validation studies is that the 

Framingham risk scores perform variably in different populations 

• Framingham risk scoring methods tend to over-predict risk in low risk 

groups.  This is evident in a wide range of populations studied. 

• Framingham risk scoring methods tend to under-predict risk in high-risk 

groups.  However the high risk groups studied were mainly diabetics or patients with 

a strong family history of premature cardiovascular disease who may be not 

appropriate for primary prevention based on routine cardiovascular risk assessment  

• There are no consistent differences in the generalisability of one 

Framingham model over another.   

• There is a tendency for better discrimination, as measured by the area 

under the receiver operating characteristic curve, to be associated with poorer 

calibration as represented by the predicted: observed ratio. 

• There are no consistent sex differences in the calibration of the 

Framingham risk scores, however discrimination seems better in women than in men 

• There is a tendency towards increasing predicted: observed ratio in newer 

populations compared with old. 

These findings should be interpreted with care as there was considerable 

heterogeneity in the definitions of non-fatal outcomes and the exclusion criteria used.  
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None of the studies apart from Orford et al.262 recorded silent myocardial infarctions 

as the Framingham heart study did, and the definitions used for angina varied from the 

Framingham definition between studies.  If events are ascertained less rigorously in 

the test population than in the Framingham study, then Framingham models will tend 

to over-predict.  Conversely, if a slightly different (broader) definition is applied or if 

events are more rigorously sought, then Framingham models will appear to under-

predict.   

Direct comparison between the results of different studies was also difficult as precise 

inclusion and exclusion criteria of either the prediction model being tested or the 

study population were not often explicitly defined.  In those studies where it was 

defined clearly, the differences made comparison difficult.  For example, in the 

validation by Hense et al. of the Framingham-Anderson method, the authors exclude 

subjects with a past-history of myocardial infarction.237  This contrasts with the 

exclusion of subjects with any history of cardiovascular disease (including congestive 

cardiac failure and intermittent claudication) and cancer by Anderson et al.48  

Similarly, in the study reported by Empana et al. using the Framingham-Wilson 

equation, the authors excluded anybody with “a suspicion of coronary heart disease” 

such as anybody with a positive response to the Rose questionnaire.250  Wilson et al. 

did not define their exclusions so explicitly, referring only to excluding “persons with 

overt coronary heart disease.”61 

Overall, the Framingham scores varied considerably in terms of calibration, 

depending upon the population being tested.  The discriminatory ability of the 

prediction models was more consistent, demonstrating the greater robustness of the 

discriminatory ability of models across populations.  However, c-statistics from 

AUROC curves ranged from 0.57 to 0.88 and 72% of studies reported values of 0.75 

or less and 40% 0.7 or less suggesting that discrimination was frequently poor.  This 

is also shown in the studies included in the reports of D’Agostino et al.129 and the 

Diverse populations collaborative group134 where AUROC c statistics ranged from 

0.64-0.84 and 0.66-0.88 respectively. 

Despite the existence of validation studies in 112 populations, only 21 had details of 

both calibration and discrimination reported.  Of these, only studies by Milne et 

al.248;249 and Brindle et al.242-244 examined the performance of the model at different 

risk thresholds.  This is important as it reflects how the scores are applied in clinical 
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practice in which patients at intermediate risk are stratified into the “high risk/treat” 

and the “low risk/no treatment” groups.   

The effect of this variable calibration and mediocre discrimination can be seen in 

those studies that have assessed the performance of the risk models in pseudo-clinical 

scenarios.  For example, Brindle et al. observed that when a relatively high risk 

threshold is chosen for identifying high risk people eligible for treatment, such as 30% 

ten-year coronary heart disease risk, the sensitivity is very poor at 16%, with the 

majority of events occurring in those below this threshold.  When the threshold is 

lowered to 15% ten-year risk, the sensitivity improves to 75%, but at the cost of a 

considerable increase in the proportion of false positives from 6% to 45%.243 

Validation studies of PROCAM and Dundee methods were fewer in number but the 

results tended to mirror those seen with Framingham-based risk scoring methods.  

Those studies where both Framingham and PROCAM methods were applied and 

predicted: observed ratios compared (Figures 17 and 18) showed remarkably similar 

patterns of calibration.   

Few external validation studies of other risk scoring methods were identified.  Aktas 

et al. concluded that the SCORE method predicted risk better than a Framingham 

method, but the use of different outcomes makes this difficult to interpret.109  

Similarly, few conclusions can be drawn from the single external validation studies of 

several other risk scoring methods. 
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Studies of effectiveness of 
cardiovascular risk scores in 
targeting primary prevention 

Methods 

See section 4.1 for general review methods 

Inclusion criteria 

Specific inclusion criteria were defined: 

• Use of a cardiovascular risk function or score by a medical practitioner or 

primary healthcare professional to guide primary prevention on the basis of 

calculated risk.  Risk scoring methods published with the purpose of assessing 

an individual’s future risk of cardiovascular disease to aid the targeting of 

lifestyle or pharmacological intervention.  Control patients should have 

received usual care as provided by a medical practitioner or healthcare 

professional with appropriate treatment and lifestyle recommendations based 

on current practice. Health risk appraisals not based on a risk function or 

relying only on self-reported risk factors and lifestyle are not included. 

• Primary care population: men and women with no age limit, predominantly 

free from symptomatic cardiovascular disease (less than 20% of population 

studied with cardiovascular disease).  Patients with diabetes, elevated risk 

factors or on preventive treatment were eligible. 

• Randomised controlled trials, quasi-randomised controlled trials (systematic 

allocation) with individual or cluster randomisation.   

• Outcome relevant to primary prevention: cardiovascular or coronary mortality, 

cardiovascular or coronary non-fatal events, levels of classical risk factors, 

absolute cardiovascular or coronary risk, prescription of risk-reducing 

medication, risk behaviours, and referrals. 
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Data extraction 

Studies were assessed using methods described in the Cochrane handbook and were 

initially evaluated according to a check-list:  

• Relevant to primary prevention of cardiovascular disease 

• Risk scoring or use of a predictive model in guiding treatment 

• Measure of health outcome 

• Prospective design  

Once the decision had been made to include a study in the review, two reviewers 

independently extracted relevant data on to the data extraction form shown in 

Appendix 7.  Information was extracted relating to study characteristics:  

• The risk scoring method used and its application.  Who carried out the 

intervention, where was the intervention carried out, were modifications made 

to risk function or score, did the control group receive any intervention or 

health benefit from the study design (for example, repeated assessments)? 

• The population studied, inclusion and exclusion criteria, and patient 

characteristics (age, sex, co-morbidities, risk factor levels, ethnicity, social 

class, location) 

• Results: length of follow-up, losses to follow up, handling of missing data 

• Outcomes: net intervention/control group difference and standard deviation 

• Methodological quality (individual or cluster randomisation, method of 

randomisation, awareness of allocation, (healthcare professional and/ or 

patient blind to group allocation) baseline group comparisons, and blind 

outcome assessment) 

Quantitative data assessment 

Due to considerable heterogeneity between the studies in terms of the interventions, 

inclusion and exclusion criteria, the choice of outcomes, and the characteristics of the 

study population, it was not appropriate to attempt any pooling of the results.  Study 

characteristics and results are presented as tables.   
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Results 

The flow of articles through the review process is shown in Figure 23 in accordance 

with Quality Of Reporting Of Meta-analyses (QUOROM).23  Of 3439 publications 

identified from searches as potentially relevant to risk scoring methods, 2443 were 

excluded after screening of title and abstract, with 996 acquired for detailed 

evaluation.  Twenty-six studies were considered for data-extraction.  From these, four 

randomised controlled trials were identified describing use of risk scoring methods in 

targeting primary prevention of cardiovascular diseases and these are described in 

detail in Appendix 8. 

The 22 studies excluded from the review at the data extraction stage are described in 

Appendix 9.  In two studies patients received health education advice including 

information about their individual risk score but with no implicit involvement of a 

healthcare professional.279;280  Six studies described surveys or audits281-287 and in five 

studies risk scoring methods were used to identify high risk patients288;289 or to assess 

outcomes in trials.290-292  Five studies were excluded for methodological reasons, 

specifically absence of control group,293 no follow up by intention to treat294;295 and 

use of simulated patients.296  Three further studies were a non-randomised feasibility 

study,190 a study specifically of hypertension297 and one where no risk assessment was 

conducted.298  One prospective audit of patients referred to a clinical biochemistry 

laboratory by their general practitioner for coronary heart disease risk assessment was 

also excluded for not having a control group.299  
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Figure 23. QUOROM flow diagram: studies of effectiveness of 
cardiovascular risk scores in targeting primary prevention 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Potentially relevant publications 
identified and screened for retrieval 

3439 

Publications retrieved for more 
detailed evaluation 

996 
Publications excluded 
on basis of full article 

913 

Studies included in review of 
effectiveness of risk scoring methods 
 
RCTs         4 

Publications excluded 
on the basis of title and 
abstract 

2443 

Studies excluded at 
data extraction 
 

Not RCT 11
No healthcare  
  professional 

  2

Use in trial selection   2
Use as trial outcome   3
No intention to treat 
  follow up 

  1

Hypertension only   1
No risk scoring   1
Simulation   1
Total 22

Publications included for data 
extraction 

26 
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Description of studies 

Summaries of the main features of the studies are shown in Table 17 and detailed 

descriptions of studies included in the review are provided in Appendix 8.  One study 

reported two interventions300 and these are considered separately.  Three types of 

intervention relating to risk scoring were identified: use of risk chart by healthcare 

professional;300 communication to doctors or documentation of risk score in patient 

notes;301;302 and the incorporation of a risk score in a computer-based clinical decision 

support system.118;300 

 

Table 17. Randomised controlled trials of effectiveness of 
cardiovascular risk scores in targeting primary 
prevention 
Study 
 

Study design 
Intervention 
Risk scoring method 
 

Participants Results 

 
Hall et al. 
2003302 

 
RCT 
Risk score in medical 
notes 
Framingham Anderson 
 

 
Diabetics 
attending 
outpatients clinic 

 
Increased use of lipid 
and blood pressure 
treatment in higher risk 
patients 

Hanon et al. 
2000301 

RCT 
Physician told risk 
score category  
Framingham Anderson 
 

Hypertensives 
visiting general 
physicians  

No effect on blood 
pressure or 
cardiovascular risk 
 

Hetlevik et al. 
1998118 
1999119 

RCT 
Physicians used CDSS 
incorporating risk score 
Westlund 
 

Hypertensives in 
primary care 

No significant effect on 
blood pressure or 
serum cholesterol 

Montgomery 
et al. 2000300 
 

RCT 
General practitioners 
used CDSS and risk 
chart, or chart alone 
Framingham Anderson 
 

Hypertensives in 
primary care 

Chart alone – small but 
significant reduction in 
systolic blood 
pressure. 
No effect attributable to 
CDSS  
 

(CDSS clinical decision support system, RCT randomised controlled trial) 
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The risk scores used were based on the Framingham-Anderson 1991 cardiovascular 

disease equation,300-302 or the Westlund Score derived in a Norwegian population.118 

Patients studied were hypertensive118;300;301 or diabetic.302  About 13% of the patients 

in the trial of Montgomery et al. had pre-existing angina, 7% report a previous 

myocardial infarction and 5% a previous stroke.  

Outcomes studied 

Reported outcomes relate to changes in absolute risk, preventive treatment, risk factor 

levels, and referral patterns.   

Methodological quality of included studies 

Due to diverse nature of the four trials and limited reporting of methodological details 

in the majority of the studies, formal comparison against distinct quality standards 

was difficult.  In one trial patients were randomised individually301 and in two studies 

a cluster design was used with randomisation by general practice300 or health 

centre.118  In the trial of Hall et al. patients were allocated alternatively to intervention 

or control.302 

In the trial reported by Hetlevik et al., the healthcare professional delivering the 

intervention was aware of the trial allocation.118;119  Despite each doctor having an 

average of 1.5 hours training, the CDSS was used partly or totally in only 12% of 

patients assigned to the intervention group.  With so few people receiving the 

intervention, it is unlikely that the study would have the statistical power to identify 

any difference between outcomes in the intervention and control groups.  

Montgomery et al. required that all the clinical staff in the intervention groups used 

the interventions, although it is unclear how this was monitored.   

Details of some of the studies were lacking.  Hall et al. presented results as a short 

report, and details of the study were particularly limited.302  There was no comparison 

between the control and intervention groups or a power calculation and it was unclear 

who exactly conducted the intervention, whether or not there was a blind assessment 

of the outcomes and what the length of follow up was.  Similarly, the study of Hanon 

et al. did not describe the method of randomisation, blinding or power calculation.301 
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Of the two cluster randomised trials Hetlevik et al. provided no detail relevant to the 

cluster randomised design, and no power calculation was described.118;119  Neither 

was any adjustment made in the analysis to take into account the cluster design.  The 

study by Montgomery et al. followed recommendations from the extension of the 

Consolidation of Standards for Reporting of Trials (CONSORT) to include cluster 

randomised controlled trials and reported a power calculation using an intra-cluster 

correlation coefficient from a published study.303  The authors calculated robust 

standard errors to correct for the effect of clustering and to avoided spuriously 

extreme p-values.304  They suggest that the expected effect on absolute risk was too 

ambitious and that control of blood pressure was a more appropriate primary outcome 

measure. 

Results 

In the study of Hall et al. clear documentation of cardiovascular risk was incorporated 

in the clinical notes of diabetic patients by the study team.302  Similarly, Hanon et al. 

communicated a risk classification to general physicians to guide treatment decisions 

in hypertensives.301  In this study, the physician in the intervention group was told the 

cardiovascular risk calculated from the Framingham-Anderson equation, while control 

patients had their risk estimated by the general physician using clinical judgement.  

Neither study found significant benefit from supplying risk information in improving 

outcomes in the complete samples.  However in a sub-group analysis Hall et al. noted 

that high risk (>20% 5-year risk) patients with documented cardiovascular disease 

risk, as opposed to patients with ≤20% 5-year risk, were more likely to receive 

antihypertensive and lipid-lowering treatment.302  The confidence intervals were 

overlapping, nevertheless a Mantel-Haenszel test revealed a p-value of 0.01 for both 

outcomes.  This result might be expected, as low risk patients would not be 

recommended risk-reducing treatment when prescription depends upon specific 

thresholds.   

In the studies of Montgomery et al. and Hetlevik et al. CDSS incorporating risk scores 

were used to target treatment in hypertensive patients.  Low uptake of the intervention 

in the Hetlevik et al. study would have obscured any beneficial effect on blood 

pressure by the intervention.118;119  The authors also represented the findings of the 

study in terms of a “significant group difference in favour of the intervention group.”  
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However, the diastolic blood pressure was 1 mmHg (95% CI –1.9, -0.2) higher in the 

control group than the intervention group at follow-up compared with 0.4 mmHg at 

baseline.  Montgomery et al. found the paradoxical result of no association between 

CDSS use with the risk chart and blood pressure reduction, yet an apparent reduction 

in systolic blood pressure and increased prescribing in the chart-only group.300  The 

authors suggest that the CDSS may serve to confuse or distracted the health 

professionals in their use of the chart. 

Discussion 

Few studies have examined the effectiveness of using risk scores in the primary 

prevention of cardiovascular disease.  Only four randomised trials were identified, and 

the heterogeneous interventions and outcomes made comparisons difficult.  However, 

from the evidence available, providing information from a risk score about high risk 

diabetic patients to doctors in diabetic out-patients clinic or encouraging general 

practitioners to use a risk chart in hypertensive patients may result in more preventive 

medication being prescribed and a small reduction in systolic blood pressure, but no 

change in absolute risk.  There is currently no evidence to support the use of 

computer-based clinical decision support systems in the primary prevention of 

cardiovascular disease.  Overall, none of the interventions showed any reduction in 

absolute cardiovascular risk. 

Computer-based clinical decision support systems were the most complex of the 

interventions.  The computerised clinical decision support systems used in the 

Hetlevik study was criticised by over 80% of the doctors as being time consuming and 

was used in only 12% of the intervention group.118;119  The computerised clinical 

decision support systems in the study of Montgomery et al. seemed to nullify a 

suggested benefit in use of the risk chart.300  This may have been a consequence of 

using a non-Windows based application.   

As well as heterogeneity in outcomes and interventions, the participants included in 

varied between studies.  One of the two trials with a positive result is limited to 

diabetics.302  Recent guidelines suggest that risk scoring no longer has value in 

deciding treatment in diabetics who should now receive, and are likely to benefit 

from, more aggressive preventive treatment.305;306  Similarly, there is little place for 

risk assessment in people with confirmed hypertension, its role being to prioritise 
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primary care patients with borderline high blood pressure.305  None of the trials 

included this group of patients. 

The findings of this study are consistent with other evidence from diverse areas of 

healthcare that suggest that structured clinical decision aids have only limited value 

with most encouraging benefits in relation to attitudes and knowledge, somewhat less 

to behaviour, and negligible effects on other outcomes.20  The outcomes used in the 

studies in this review are reasonable but perhaps too much of a difference was 

expected.  The nature of the intervention is also important; if perceived by the doctor 

as too unwieldy or irrelevant, the value of the intervention in improving patient 

treatment may be lost.   
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General discussion 
As far as we are aware, this is the only review that has systematically 

assessed the four major aspects of risk-scoring methods in the primary 

prevention of cardiovascular disease.  The key findings and methodological 

issues are detailed in each section of this review and are summarised below. 

Principle findings of the review 

Risk scoring methods: content 

Seventy methods with the clear aim of assessing risk in individuals with no 

evidence of cardiovascular disease were identified and another 40 prediction 

models with potential value in risk prediction.  Thirty-six methods, including 11 

Framingham models, had had their external validity assessed in populations 

distinct from that in which they had been derived.  Studies of effectiveness in 

relation to health outcomes were reported for two of the risk scoring methods. 

Risk scoring methods differed in included risk factors and in reported 

outcomes.  This reflects both the significant risk factors following multivariable 

analyses and the opportunistic use of data available from established cohorts.  

Those models derived in epidemiological cohort studies tend to have a wider 

range of outcome options than randomised controlled trials where more 

specific outcomes are used, and pooling projects where clearly defined 

outcomes are used to reduce methodological variability. 

In addition to age and sex, risk-scoring methods generally include the 

modifiable risk factors blood pressure, total cholesterol and smoking habit.  

Other established independent risk factors such as diabetic status, low levels 

of high-density lipoprotein cholesterol, elevated triglycerides and left 

ventricular hypertrophy are frequently included.  The presence of a family 

history of premature cardiovascular disease is also related to absolute risk, as 

clearly demonstrated in the populations studied by Blumenthal et al.258 and 

Becker et al.259  Some risk factors such as body mass index that disappear 

from the models following multivariable analysis are rarely included in risk 
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scores.  Similarly, physical activity and diet are also infrequently incorporated 

into risk scores.  This may represent the difficulties in obtaining reproducible 

measures of these risk factors for the statistical model, and in using the risk 

score in practice.  The absence of these risk factors in formal risk scores 

should therefore not imply that they are irrelevant to the risk assessment 

process. 

The Framingham prediction models of Anderson et al.48;49 and Wilson et al.,61 

on which many commonly recommended risk scoring charts, tables, point 

scores and computerised methods are based, include the major risk factors 

with the exception of family history.  They clearly state that the physician 

should consider a family history of premature cardiovascular disease in the 

risk assessment.  Models derived in the PROCAM study formally include a 

measure of family history, usually of premature myocardial infarction. 

Region, ethnic background and social factors including education, 

employment, and social class are all associated with differences in the 

observed risk of cardiovascular diseases.  Very few prognostic models include 

these as variables.  Some more recent methods have included an additional 

region variable in the risk calculation or a suggested regional adjustment to 

the calculated risk.  Examples of these are the ERICA equation42 which 

includes a regional factor corresponding to the sites of the study cohorts and 

SCORE 108 which provides separate charts for low- and high-risk regions.  In a 

recent risk-scoring method derived in the PROCAM cohort, recalibration 

factors were reported based on relative risks of coronary heart disease in 

MONICA study cohorts.96  A recent model derived in the Framingham cohort 

addressed the issue of prediction in different ethnic groups by suggesting 

methods for recalibration.129 

Risk-scoring methods: convergent validity 

Tables and charts, providing a simplified approach to Framingham-based risk 

assessment, compared well with the complete model if all risk factors were 

included.  Simplifications of the Framingham-Anderson model such as the 

1998 European societies on coronary prevention charts167and the 1996 

Sheffield tables176 where HDL-cholesterol was replaced by a set value, and 
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the WHO-ISH table177 where risk factors were simplified into narrow 

categories, did not compare well with the full Framingham-Anderson 

prediction model.  This suggests that all risk factors are required if a simplified 

chart or table is to substitute for the complete prediction model. 

Risk-scoring methods: external validity 

Risk scores evaluated in the population from which they are derived tend to 

show a good ability to identify those individuals who are at high risk.  However 

the accuracy of a risk-scoring method must be established in different 

populations.  The main body of evidence relating to accuracy of risk-scoring 

methods comes from extensive evaluations of Framingham-based prediction 

models.  Some information was available for PROCAM and Dundee methods, 

but for other methods information was very limited. 

Observed population risk 

Many population studies with appropriate baseline and prospective data have 

been established since the original Framingham study, and comparison of 

Framingham predicted with observed risk is relatively straightforward.  Studies 

identified were longitudinal observational studies or randomised controlled 

trials.  The populations studied comprised unselected individuals in 

community or occupational settings, risk factor screening clinics, or high-risk 

groups including diabetics or those with a family history of premature 

cardiovascular disease and patients with mild hypertension or 

hyperlipidaemia. 

There was considerable heterogeneity in results from calibration studies of 

Framingham risk scoring methods.  In older-established US cohorts, the ratio 

of predicted to observed risk calculated by Framingham-based coronary heart 

disease risk assessment methods was reasonably close to unity, representing 

good calibration.  In lower-risk populations the Framingham risk scoring 

methods consistently over-estimated risk of coronary heart disease.  In higher 

risk cohorts, Framingham methods showed a tendency to under-estimate risk.  

However risk scoring was probably inappropriate in these high-risk cohorts 

comprising diabetics, angiogram referrals and patients with strong family 

history of cardiovascular disease. 
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As with longitudinal studies, comparison of estimates of risk with regional 

cardiovascular disease statistics in cross-sectional studies showed over-

estimation of risk in populations with low observed risk.  Studies comparing 

predicted risk in areas with known differences in coronary heart disease risk 

were unable to predict the observed differences. 

Using PROCAM and Dundee risk scoring methods similar over-estimation of 

risk was seen in the PRIME study cohorts in Northern Ireland and 

France.250;277 

Regional variation 

Regional differences in Framingham-based risk scoring methods were 

apparent but may be explained by variation in cardiovascular risk.  The 

inaccuracies seen in prospective application of the Framingham models in 

populations from different regions and with differing observed cardiovascular 

disease rates were confirmed in several cross-sectional studies. 

Framingham methods 

There is little evidence to recommend one Framingham-based score as 

superior to another.  Evaluation of the more recent models such as 

Framingham-Wilson, have been conducted in progressively more diverse 

populations making direct comparisons difficult.   

Diabetics 

Calibration of Framingham-based methods was generally poor in diabetic 

patients with a considerable under-estimation of coronary heart disease risk.  

Discrimination was also poor.  A risk scoring method specifically derived for 

application in diabetic patients in the UK Prospective diabetes study111 also 

showed poor discrimination in external validation studies in diabetic patients.  

Indeed, the discrimination was little different to that of Framingham methods. 

In the light of this poor accuracy and recent guidelines recommending that 

diabetics should be treated as “high risk” with aggressive risk factor control, it 

is hard to justify the application of Framingham and UKPDS risk scoring 

methods in diabetic patients. 
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Discriminatory ability 

The discriminatory ability of Framingham-based methods varied considerably 

between populations.  For cardiovascular and mortality outcomes, the range 

of observed risk in studies reporting discrimination was too narrow to observe 

any trend.  However, for the broader outcome of fatal and non-fatal coronary 

heart disease events, there was a trend for poorer calibration as 

discrimination improved.  This was apparent even when studies with known 

sources of heterogeneity were excluded and could have important 

implications for risk assessment. 

Randomised controlled trials 

In studies that evaluated the generalisability of risk scores in trial populations, 

there was a suggestion that effective risk-reducing treatments were 

associated with poorer calibration in intervention groups compared with 

controls.  Little difference was seen in studies where the intervention was 

ineffective.  This highlights the value of including an “on treatment” term into a 

risk score if a risk assessment is being done to decide whether additional 

preventive treatment is warranted on the basis of absolute risk. 

Sex 

When the data were present, Framingham-based methods showed 

consistently better discrimination in women than in men.  The tendency for 

over-estimation of risk in women compared with men is probably explained by 

the lower level of observed risk in women. 

Date of baseline 

The best evidence for any effect of baseline date on Framingham based risk 

prediction comes from two studies that have compared estimation with 

predicted risk in the same or similarly sampled populations on more than one 

occasion.  These showed increased over-prediction in more recent population 

examinations.  Meta-analysis by study date and stratified by the observed risk 

of the test population suggests that this trend is at least partly explained by 

the trend for more recent studies to be of lower risk patients. 
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Socio-economic status 

One study compared Framingham risk estimates in people grouped by 

occupation and an index of deprivation.  There was increased under-

estimation of risk of cardiovascular and coronary death in manual workers and 

in groups from deprived areas.  This is consistent with the known increased 

risk seen in manual occupations and socio-economically deprived groups.  

Underestimating the true risk of these populations may contribute to existing 

health inequalities. 

Age 

Most validation studies have selected patients with ages similar to the range 

studied in the derivation of Framingham-Anderson and Wilson methods (30-

74 years).  There is little evidence on the validity of Framingham risk scoring 

methods in different age groups.  One study in younger US men observed 

good long-term prediction of cardiovascular mortality.127 

Ethnic groups 

The Framingham and PROCAM models were derived in predominantly white 

populations.  One study examined the accuracy of a Framingham-derived 

method in different North American ethnic groups.129  Calibration was poor in 

certain ethnic groups and the authors recalibrated the prediction model with 

improved results.   

Cross-sectional studies comparing estimates of risk with known differences in 

cardiovascular risk also suggest that Framingham, PROCAM and Dundee risk 

scoring methods do not accurately estimate risk in some ethnic groups. 

Effectiveness of risk scoring methods 

Four randomised trials that examined the effectiveness of risk scoring 

methods in improving health outcomes were identified.   

The patients studied were diabetics or hypertensive patients and none were 

studies of low or moderate risk and disease-free individuals - the groups most 

likely to benefit from an assessment of their risk.  The risk scoring methods 

that were used were: incorporation of risk score in medical notes, informing 
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the physician of risk score, use of clinical decision support system 

incorporating risk score with or without a chart, and use of risk chart alone.  

No studies were large enough to assess benefit in relation to incidence of 

cardiovascular disease and the outcomes reported were varied: 

cardiovascular risk, total cholesterol, systolic blood pressure or prescribing. 

No studies showed any improvement in absolute cardiovascular risk, but one 

study showed increased prescribing in diabetics302 and another a small 

reduction in systolic blood pressure.300  There was no evidence to support the 

use of risk scoring in computer-based clinical decision support systems in the 

primary prevention of cardiovascular disease.  One study noted particularly 

low uptake of methods.  When risk scoring was delivered within complex 

clinical decision support systems it was found to be awkward and time 

consuming. 

Conclusions of the review 

Cardiovascular risk scoring methods are widely recommended and in broadly 

representative populations, established Framingham-based methods offer 

reasonable discrimination between high and low risk individuals but tend to 

over-predict the absolute risk of cardiovascular disease.  Framingham-based 

methods under-estimate risk in diabetics, socio-economically deprived 

populations, and patients with a strong family history of premature 

cardiovascular disease.  Methods are available that permit adjustment for 

regional cardiovascular risk, but studies are required to assess external 

validity in their defined target populations.   

Charts and tables compare well with the Framingham equation and may have 

value in explaining the consequences of increased risk and treatment options 

to the patient.  Such charts and tables are more accurate when they include 

all the risk factors present in the full prediction model. However, there is little 

evidence that performing a cardiovascular risk assessment is effective in 

improving health outcomes.   
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Recommendations from the review 

• Risk assessment methods should be subject to a quantitative 

assessment of effectiveness. 

• Qualitative evaluations will provide insight into the characteristics of the 

method that make it practical to use and whether it provides any 

perceived benefit to the doctor or patient. 

• The risk-scoring methods that include the possibility of adjustment for 

region and ethnic group merit further consideration.  These are those 

derived in the SCORE project using separate charts for populations at 

high and low cardiovascular risk,108 the PROCAM 2003 point score with 

factors adjusting for regional coronary heart disease rates,96 the 

Framingham-D’Agostino 2001 model with recalibrations for different 

ethnic groups,129 and other Framingham-based recalibrations.  

Similarly, the methodological approaches used in the ERICA,42 

DECODE38 and the International cooperative study on cardiovascular 

epidemiology71 may merit further evaluation, although they do not 

include HDL cholesterol as a risk factor. 

• Approaches to take into account the increased risk associated with 

social deprivation and family history of cardiovascular disease should 

be investigated. 

• Multiple independent validations of any new model should be 

performed in diverse populations with differing age, sex, ethnicity, and 

cardiovascular risk by independent investigators. 

• Alternatives to traditional cohort studies for developing and testing risk 

scores should be explored.  Such cohort studies are relatively small 

and the scores derived from them are not easily generalisable to other 

populations.  The increasing quantity and quality of routinely collected 

general practice data may facilitate the derivation of more generalisable 

models.  

• Simplified or chart-based derivatives of complete risk scoring models 

should where possible, include all the risk factors present in the model.  
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However, the advantages this brings with increased accuracy need to 

be carefully balanced against the increased workload and expense of 

including more complex risk factor information.  

• Future evaluations should consider the impact of treatment on the 

relation between predicted and observed risk.  Old established cohorts 

are less likely to be influenced by the use of effective lipid-lowering 

treatment and aspirin.  However outcomes in all cohorts will be affected 

by use of antihypertensives.  A more sophisticated analysis of the 

relationship between predicted and observed risk will be required to 

allow for effective treatments. 

• Consensus is required on the best outcome for consideration in general 

practice as opposed to outcomes dictated by pragmatic choices from 

cohort studies.  The same outcomes that are used in the trials of 

preventive treatment would be logical choices. 
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Appendices 

Appendix 1. MEDLINE search strategy 

 
#1 chd risk assessment$ 
#2 cvd risk assessment$ 
#3 heart disease risk 
assessment$ 
#4 coronary disease risk 
assessment$ 
#5 cardiovascular disease 
risk assessment$ 
#6 cardiovascular risk 
assessment$ 
#7 cv risk assessment$ 
#8 cardiovascular disease$ 
risk assessment$ 
#9 coronary risk assessment$ 
#10 coronary risk scor$ 
#11 heart disease risk scor$ 
#12 chd risk scor$ 
#13 cardiovascular risk scor$ 
#14 cardiovascular disease$ 
risk scor$ 
#15 cvd risk scor$ 
#16 cv risk scor$ 
#17 or/1-16  
#18 cardiovascular diseases/ 
#19 coronary disease/  
#20 cardiovascular disease$ 
#21 heart disease$ 
#22 coronary disease$ 
#23 cardiovascular risk? 
#24 coronary risk? 
#25 exp hypertension/ 
#26 exp hyperlipidemia/ 
#27 or/18-26 
#28 risk function 
#29 Risk Assessment/mt 
[Methods] 
#30 risk functions 
#31 risk equation$ 
#32 risk chart? 
#33 (risk adj3 tool$) 

 
#34 risk assessment function? 
#35 risk assessor 
#36 risk appraisal$ 
#37 risk calculation$ 
#38 risk calculator$ 
#39 risk factor$ calculator$ 
#40 risk factor$ calculation$ 
#41 risk engine$ 
#42 risk equation$ 
#43 risk table$ 
#44 risk threshold$ 
#45 risk disc? 
#46 risk disk? 
#47 risk scoring method? 
#48 scoring scheme? 
#49 risk scoring system? 
#50 risk prediction? 
#51 predictive instrument? 
#52 project$ risk? 
#53 cdss 
#54 or/28-53 
#55 27 and 54 
#56 17 or 55 
#57 new zealand chart$ 
#58 sheffield table$ 
#59 procam 
#60 General Rule to Enable 
Atheroma Treatment 
#61 dundee guideline$ 
#62 shaper scor$ 
#63 (brhs adj3 score$) 
#64 (brhs adj3 risk$) 
#65 copenhagen risk. 
#66 precard 
#67 (framingham adj1 (function 
or functions)) 
#68 (framingham adj2 risk) 
#69 framingham equation 
#70 framingham model$ 
#71 (busselton adj2 risk$) 

 
#72 (busselton adj2 score$) 
#73 erica risk score$ 
#74 framingham scor$ 
#75 dundee scor$ 
#76 brhs scor$ 
#77 British Regional Heart 
study risk scor$ 
#78 brhs risk scor$ 
#79 dundee risk scor$ 
#80 framingham guideline$ 
#81 framingham risk? 
#82 new zealand table$ 
#83 ncep guideline? 
#84 smac guideline? 
#85 copenhagen risk? 
#86 or/57-85 
#87 56 or 86 
#88 exp decision support 
techniques/ 
#89 Diagnosis, Computer-
Assisted/ 
#90 Decision Support Systems, 
Clinical/ 
#91 algorithms/ 
#92 algorithm? 
#93 algorythm? 
#94 decision support? 
#95 predictive model? 
#96 treatment decision? 
#97 scoring method$ 
#98 (prediction$ adj3 method$) 
#99 or/88-98 
#100 Risk Factors/ 
#101 exp Risk Assessment/ 
#102 (risk? adj1 assess$) 
#103 risk factor? 
#104 or/100-103 
#105 27 and 99 and 104 
#106 87 or 105 
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Appendix 2. Data extraction form: risk scoring methods designed to 
identify asymptomatic people at high risk of cardiovascular disease 
 

 
 
 
 
 

D Name of decision aid Reference Manager number Description and derivation of decision aid 
Study ID 
Review 
details 

Location, 
date. Study. 
Follow up 

Population 
characteristics 

Inclusion 
Exclusion 
Co-morbidity 

Characteristics/ risk 
factors included in 
decision aid 

Outcomes  
Prediction period 

Statistical method 
Internal validation 
Tool characteristics 

Comments -  
authors/ 
reviewer 

Age Continuous 
Age groups 

Death – all cause 
 
 

Age 

Sex 
 

 CHD death 
 
 
CHD – hard endpoints 
only (fatal and non fatal 
MI) 
 

Location 

Number  of 
people 

Lipids  
 

Chol HDL LDL 
Chol/HDL ratio 
Triglycerides 
Continuous/ 
categorical 
Methods 
Fasting 

CHD including coronary 
insufficiency (unstable 
angina) and angina 

Statistical method 

% Male 
 
 
 

Inclusion 
criteria 

SBP Multiple 
measures 
Continuous 
Categories 

Stroke including TIA Baseline date 

% Ethnic groups 
 
 
 

DBP Multiple 
measures 
Continuous 
Categories 

CVD including CHD, 
stroke, heart failure, 
peripheral vascular 
disease 

Risk description: 
Absolute 
Relative 
Years of risk 
Lifetime 
 

Author 
Date 
Journal 
. 
Secondary/ 
associated 
publication 
details 

Social class Smoking Regular CVD death 
Cigar 
Pipe 
Cigarette 

Current 
Ever 
Dose 

Population type 
Coho
RCT
Com
Pr
Wo
scr

Exclusion 
criteria 

Internal validation if 
details rt 

 
munity 

ospective  
rk site 
eening 

Diabetes Treatment 
Fasting glucose
GTT,     Hba1c 
Clinic 

any: brief 

Other 
Reference 
Manager 
numbers 

LVH ECG 
Minnesota 
code 
Clinic  

Other outcomes including 
surrogate markers like bp 
etc 

Reviewer 

Fol
inte
 

 

culator 

 

 

  

low up 
rval 

Other;  
 
 
Employment etc 

Co-morbidity 

Other  
risk 
factors 

E.g. height, 
creatine, CRP, 
family history 
etc 

Prediction period 

Practical: 
Equation 
Chart 
Pocket cal
Disc 
Computer
PDA 
Web-based
Other 

 



Appendix 3. Prognostic models or risk scoring methods 
for use in targeting primary prevention of 
cardiovascular diseases (part completed) 
ARIC diabetes 
Derivation of 
prognostic model 

Folsom et al. 200324 

Location & date 4 suburbs of Minneapolis, USA 
1987-1989 

Population 
characteristics 

Age 45-64 
N=1500 
43% male 
Observational prospective cohort study 
Median 10.2 year follow up 

Inclusion, co-morbidity Diabetes 

Risk factors Age 
Race 
Total cholesterol 
HDL cholesterol 
Systolic BP 
Hypertension medications 
Diabetes 
Smoking habit (current smoking) 
BMI 
Waist-hip ratio 
Sports activity index 
Keys score 
Serum creatinine 
Serum albumin 
White blood cell count 
Factor VIII 
LVH 
Mean intima-media thickness 

Outcome CHD (definite/ probable MI, definite CHD death, ECG 
MI, coronary revascularisation) 

Prediction period 10 years 

Statistical methods Proportional hazards regression 

Practical Risk equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 

 

 

Bombay 
Derivation of 
prognostic model 

Mukherjee et al. 199625 

Location & date Bombay, India 
Date not specified 

Population 
characteristics 

N=203  
Medical, scientific and administrative staff from Sir HN 
Hospital 

Inclusion, co-morbidity  

Risk factors Apo B: Apo A-1 ratio 
Number of coronary risk factors 
Total plasma protein 
BMI 
Age 

Outcome Coronary heart disease 

Prediction period  

Statistical methods Total discriminant score. The algebraic sum of a 
constant and the products of independent variables and 
their unstandardised canonical discriminant coefficients 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Mukherjee et al. 199625 

Convergent validation  

Trials of health 
outcomes 
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British Regional Heart Study 
Derivation of 
prognostic model 

Shaper et al. 198626 

Location & date England, Wales and Scotland 1978-1980 

Population 
characteristics 

Age 40-59 
N=7506 
100% Male 
Men randomly selected from selected general practice 
age-sex registers in 24 towns 
5 year follow up 

Inclusion, co-morbidity No exclusion of men with cardiovascular disease 

Risk factors Age (omitted in modified score for simple use by GP) 
Total cholesterol (omitted in modified score for simple 
use by GP) 
Mean blood pressure  (systolic +2diastolic)/3 
Smoking (number of years of cigarette smoking) 
Diabetes (recall of doctor diagnosis) 
Family history (death of parent from “heart trouble”) 
IHD (recall of doctor diagnosis) 
MI or ischaemia on ECG (omitted in modified score for 
simple use by GP) 
Definite or possible angina 

Outcome Acute MI and sudden ischaemic death 

Prediction period  

Statistical methods Multiple logistic regression 

Practical Point scoring method. Modified simplified version does 
not include age, cholesterol or ECG evidence of 
ischaemia or MI 

Authors notes Simplification of multiple logistic regression analysis to 
point scoring method did not result in loss of predictive 
value 

Modifications, tools or 
guidelines 

British Family Heart Study Score. Thompson et al 1996. 
43 Extra age factor for men and women. Identifies 
people with high risk for their age. Applicable to men 
and women.  

External validation Thompson et al.199643 

Convergent validation Wierzbicki et al. 200027  (Framingham Anderson 1991,  
PROCAM 4-year 1994, Dundee risk table 1991, 
Sheffield table updated 1996, Joint European 1994, 
Joint British 1998, New Zealand tables 1996, GREAT) 
Cordobo Garcia R et al Atencion Primaria 1993 
(RCVap, Framingham Kannell 1976, LELHA 1990) 

Trials of health 
outcomes 

 

 

 

 

 

 

Busselton Health Study 
Derivation of 
prognostic model 

Knuiman et al. 199730 
Knuiman et al. 199829 

Location & date Busselton Health Study  
Busselton Western Australia 
1966-1981 

Population 
characteristics 

Age 40-74 
n=1701 
M 100% 
Observational prospective community cohort 

Inclusion, co-morbidity No history of angina or MI 

Risk factors Age 
Sex 
Systolic blood pressure 
Total cholesterol 
Smoking 
BMI 

Outcome CHD death 

Prediction period 10 years 

Statistical methods Cox regression 
Logistic regression 
Binary classification tree 
Survival regression tree 

Practical Equation  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Cardiff Type 2 diabetes  
Derivation of 
prognostic model 

McEwan et al. 200132 

Location & date South Glamorgan, Wales. 1996 

Population 
characteristics 

N=2911 
Community based diabetes register 
4 year follow up 

Inclusion, co-morbidity Type 2 diabetes mellitus 

Risk factors Age 
Sex 
Total cholesterol 
HDL cholesterol 
Systolic blood pressure 
Smoking habit 
Duration of diabetes 

Outcome CHD events 

Prediction period 4 years 

Statistical methods Hybrid logistic and recursive partitioning model 

Practical Equation  

Authors notes For diabetics only 
ROC curve suggested an accepted level of 
performance. LVH not included in model. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

Carta del Rischio del PPP 
Derivation of 
prognostic model 

Avanzini et al. 200133 

Location & date Italy 

Population 
characteristics 

Participants in RCT of aspirin and vitamin E 
Mean follow up 3.6 years 
 

Inclusion, co-morbidity  

Risk factors Age (3 groups) 
Sex (separate charts) 
Systolic blood pressure (2 groups) 
HDL cholesterol (2 groups) 
Smoker (yes/no) 
Diabetes (yes/no) 

Outcome CVD 

Prediction period 3.6 years 

Statistical methods Multivariate model 

Practical Chart 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Cardiovascular Event Reduction Tool (CERT) - 
WOSCOPS 
Derivation of 
prognostic model 

L’Italien et al. 2000{62565} 

Location & date West of Scotland Coronary Prevention Study 
(WOSCOPS), UK 

Population 
characteristics 

Age 45-64 
N=6,595 
100% male 
Intervention and placebo groups from randomised 
controlled trial of lipid lowering medication 
5 year follow up 

Inclusion, co-morbidity Participants in RCT of pravastatin versus placebo.  LDL 
cholesterol 4-6mmol/l.  On dietary therapy 
No previous MI or coronary revascularisation, angina 
pectoris requiring hospitalisation within previous 12 
months, or life-threatening non-cardiac illness.  No 
major ECG abnormalities 

Risk factors Age 
Diastolic blood pressure 
Total cholesterol 
HDL cholesterol 
Current smoking 
Diabetes 
Family history of fatal CHD 
Nitrate use or angina 
Trial treatment (placebo/ 40mg pravastatin) 

Outcome Definite fatal CHD or definite non-fatal MI 

Prediction period 5 years 

Statistical methods Table of risk estimates developed from a cox 
proportional hazards regression model 
Correspondence between CERT estimate and Cox risk 
estimates correlation coefficient = 0.942 (n=6,595) 

Practical CERT Table 

Authors notes This risk model is developed to provide risk and risk 
reduction estimates associated with intervention 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Haq et al. 199935  (Joint British Societies 
recommendations 1998, updated Sheffield table 1996, 
New Zealand tables 1996, Sheffield tables 1997, 
PROCAM 1993) 
 

Trials of health 
outcomes 

 

 

 
 
 
Copenhagen stroke 
Derivation of 
prognostic model 

Truelsen et al. 199436 

Location & date Copenhagen, Denmark 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Systolic blood pressure 
Antihypertensive medication 
Smoking 
LVH 
Diabetes 
AF 
Previous CVD 

Outcome Stroke 

Prediction period 10 years 

Statistical methods Cox proportional hazards model 

Practical Point scoring 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Dréau et al. 200131 

Trials of health 
outcomes 
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CUORE 
Derivation of 
prognostic model 

Ferrario et al. 200537 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Men only 
Systolic blood pressure 
Antihypertensive medication 
Total cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
Family history 

Outcome CHD 

Prediction period 10 years 

Statistical methods Cox proportional hazards model 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

DECODE 
Derivation of 
prognostic model 

DECODE study group 200438 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Systolic blood pressure 
Total cholesterol 
Smoking 
Diabetes 
Fasting plasma glucose 
Region 

Outcome CVD death 

Prediction period 5 years 

Statistical methods Cox proportional hazards model 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Dubbo 
Derivation of 
prognostic model 

Simons et al. 200339 

Location & date Dubbo, New South Wales, Australia   
1988 

Population 
characteristics 

Age 60-79 
N=2102 
41% Male 
Observational prospective community cohort 
5 and 10 year follow up 

Inclusion, co-morbidity Men and women free of previous CVD born before 
1930 
Includes diabetics 

Risk factors Age 
Sex 
Cholesterol (fasting) 
HDL cholesterol (fasting) 
Systolic blood pressure 
Use of antihypertensives 
Smoking habit 
Diabetes 

Outcome CVD (MI, coronary death, stroke) 

Prediction period 5 and 10 years 

Statistical methods Multiple logistic model 

Practical  

Authors notes Risk function appropriate for elderly Australians 
includes risk factors readily accessible to medical 
practitioners 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 

 
Dundee score (rank, coronary risk-disk) 
Derivation of 
prognostic model 

Tunstall-Pedoe 199140 

Location & date Dundee score: UK heart disease prevention project 
Dundee rank, Dundee coronary risk disk: UK heart 
disease prevention project and Scottish Heart Health 
Study 

Population 
characteristics 

Age 40-59 (UK heart disease prevention project) 
Age 40-59 (Scottish heart health study) 
N=5,203 (UK heart disease prevention project) 
N=10,359 (Scottish heart health study) 
100% male (UK heart disease prevention project) 
Men and women (Scottish heart health study) 
Occupational cohort (UK heart disease prevention 
project) 
Community cohort (Scottish heart health study) 

Inclusion, co-morbidity  

Risk factors Age 
Total cholesterol 
Systolic blood pressure 
Smoking (never, ex-cigarette smoker or pipe or cigar 
smoker, three cigarette categories) 

Outcome Coronary mortality and non-fatal myocardial infarction 

Prediction period 5 years 

Statistical methods Multiple logistic function. Age subsequently set to 50, 
Population rank of risk 

Practical Risk function 
Risk disk giving rank of risk by age and sex on a scale 
of 1-100 

Authors notes  

Modifications, tools or 
guidelines 

Tunstall-Pedoe 1992217 Table converting Dundee 
coronary risk rank to cardiovascular age 
Medcal risk CHD computer program (also includes 
Framingham score)194 

External validation Tunstall-Pedoe 199140 
Empana et al. 2003278 
Vega Alonso et al. 2000276 

Convergent validation Vilaseca Canais et al. 199741 (Framingham Anderson, 
Sheffield tables updated, RCVap) 
Wierzbicki et al. 200027 (Framingham Anderson 1991,  
PROCAM 4-year 1994, Sheffield table updated 1996, 
Joint European 1994, Joint British 1998, New Zealand 
tables 1996, BRHS 1987, GREAT) 
Yudkin et al. 1999179 (Framingham Anderson, 
PROCAM 1993) 
Dréau et al. 200131 

Trials of health 
outcomes 
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ERICA 1991 
Derivation of 
prognostic model 

ERICA Research Group 199142 

Location & date European Collaborative Trial, Finmark, Seven-country 
study I-European leg 
Belgium, Italy, Poland, Norway, Ireland, Lithuania 

Population 
characteristics 

Age 40-59 
N= 
100% men 
Representative population samples 
6 year follow up 

Inclusion, co-morbidity Prevalent CHD cases were included 
 

Risk factors Age 
Systolic blood pressure 
Serum total cholesterol 
Body mass index 
Smoking habit (smoker, non-smoker) 
Region (North, West, East, South) 

Outcome CHD death 

Prediction period 6 years 

Statistical methods Multiple logistic function 

Practical Risk equation 

Authors notes Application of risk function in all ERICA cohort 
(n=84,609 men) showed reasonable estimates of risk 
compared with standardised mortality ratios. 

Modifications, tools or 
guidelines 

 

External validation Knuiman et al. 199730 

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 

 
Family Heart Study score 
Derivation of 
prognostic model 

Thompson et al. 199643 

 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Systolic blood pressure 
Total cholesterol 
Smoking 
Diabetes 
Previous IHD 
Current angina 
Family history 

Outcome CHD 

Prediction period Not specified 

Statistical methods Multiple logistic regression 

Practical Point scoring 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 



 
FINE 2002 
Derivation of 
prognostic model 

Houterman et al. 200244 

Location & date Finland, Italy and Netherlands. 1958-1964 

Population 
characteristics 

Age 65-84 
N=2170 
100% male 
Survivors of representative Seven Countries Study 
cohorts in East Finland, West Finland, Zutphen, 
Crevalcore and Montegiorgio 
25 year follow up 

Inclusion, co-morbidity Complete information on risk factors required 

Risk factors Age 
Total cholesterol 
HDL cholesterol 
Systolic blood pressure 
Antihypertensive medication (questionnaire) 
Smoking habit (current/ non-smoker) 
Diabetes (questionnaire) 
LVH (ECG) 
Past history of CHD or CVD 

Outcome CHD death 
CVD death 

Prediction period 10 years 

Statistical methods Logistic regression 

Practical Equation 

Authors notes Risk equation for elderly men  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 

 
FINRISK 
Derivation of 
prognostic model 

Bhopal et al. 200545 

Vartiainen et al. 200046 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Systolic blood pressure 
Total cholesterol 
HDL cholesterol  
Smoking habit  
Diabetes 

Outcome MI or CHD death 

Prediction period 10 years 

Statistical methods Logistic regression 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 237 



 
Framingham-Abbott 
Derivation of 
prognostic model 

Abbott 198747 

Location & date Framingham USA 1950-1970 

Population 
characteristics 

Age 28-74 (estimated from examinations 2, 6 & 10) 
N= unclear 
46% male (estimate), nearly 100 % white 
Observational prospective community cohort 
Up to 26 year follow up 

Inclusion, co-morbidity Survivors of Framingham cohort - disease free at examinations 2, 6 & 10. 
Individuals may be included up to 3 times if CVD free at all examinations 

Risk factors Age 
Sex 
Cholesterol 
Systolic blood pressure (average of 2 measures) 
Diastolic blood pressure (average of 2 measures) 
Smoking habit (current smoker or quit within last year) 
Diabetes (diagnosed, raised urinary or blood glucose) 
LVH (ECG) 

Outcome CVD 
CHD  
CHD death 
MI 
Cerebrovascular accident 
Intermittent claudication 

Prediction period 8 years 

Statistical methods Multiple logistic regression 

Practical Age and sex specific tables 

Authors notes Authors note importance of differences in cholesterol measurement.   
Framingham not necessarily representative of other communities 

Modifications, tools or 
guidelines 

CHD prevention model Grover 1995 213. Function calibrated with data 
from Canadian Life Tables Statistics and Canada Health Survey 

External validation Assmann 1990146  Helsinki heart study 
Schulte et al. 1991251  PROCAM study 
 

Convergent validation  

Trials of health 
outcomes 

 

 

 
 
 
 

 
 
Framingham-Anderson 
Derivation of 
prognostic model 

Anderson et al. American Heart Journal 199148 
Anderson et al. Circulation 199149 

Location & date Framingham USA 1968-1975 

Population 
characteristics 

Age 30-74 
N=5573 
46% Male, nearly 100 % white European extraction 
Observational prospective community cohort 
12 year follow up 

Inclusion, co-morbidity Survivors of Framingham cohort and the offspring of this cohort with all 
risk factor measurements available. 
No previous CVD or cancer (other than basal cell carcinomas) 

Risk factors Age 
Sex 
Cholesterol/ HDL ratio 
Systolic blood pressure (average of 2 measures) 
Diastolic blood pressure (average of 2 measures) 
Smoking habit (current smoker or quit within last year) 
Diabetes (treatment with insulin or oral agents, or fasting glucose 
≥150mg/dl (original cohort), ≥140mg/dl (offspring) 
LVH (ECG). If not done assume no LVH 

Outcome 1. MI (including silent and unrecognised MI) 
2. CHD death 
3. CHD (MI and CHD death, angina pectoris, coronary insufficiency) 
4. Stroke (including transient ischaemia 
5. CVD (1-4 plus CHF and PVD) 
6. CVD death 

Prediction period 4-12 years 

Statistical methods Parametric statistical model: non-proportional hazards Weibull 
accelerated failure time model 

Practical Regression equation 
Point scoring 

Authors notes All risk factors are required 
Framingham Wolf equation preferable for stroke prediction (other risk 
factors included) 
Family history of CHD should be considered 
The predictions may not be appropriate for individuals with extremely 
elevated risk factors 
Equations may not be directly applicable to populations with very low 
CHD incidence rates 

Modifications, tools or 
guidelines 

See Table 4 

External validation See Table 9 

Convergent validation See Table 6 

Trials of health 
outcomes 

See Table 17 
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Framingham-D’Agostino 2000 
Derivation of 
prognostic model 

D’Agostino et al. 200050 
 

Location & date Framingham USA 1971-1987 

Population 
characteristics 

Age 35-74 
N=10,156 person-examinations (technique of pooled repeated measures 
allowed subjects to contribute more than once to baseline) 
Male 47% (of person examinations), nearly 100% white 
Observational prospective community cohort 
4 year follow up 

Inclusion, co-morbidity Free of CVD 
Survivors of Framingham cohort and the offspring of this cohort seen 
since the 1970s with fasting blood measurements 

Risk factors Age 
Systolic blood pressure (2 clinic measurements) 
Fasting lipids: total cholesterol (Abell-Kendall method); HDL-cholesterol 
(heparin-managanese precipitaton); triglycerides (Kessler method). Log 
ratio of total: HDL cholesterol used 
Smoking (current smoker) 
Diabetes (physician or study diagnosis) 
Alcohol (oz/week) 
Antihypertensive medication 
Menopausal status 
BMI 

Outcome Total CHD (angina pectoris, recognised and unrecognised MI, coronary 
insufficiency and CHD death) 

Prediction period 2 years reported, 1-4 years possible 

Statistical methods Weibull accelerated failure time model. Separate model for men and 
women 

Practical Separate point scores for men and women (valid for 2 year estimates) 
Regression equation (0-4 years) 

Authors notes LVH (ECG) not included in risk score as consistent population data is not 
available and the relationship between LVH and CHD risk 
Very few heavy drinkers in cohort 
Also, sex-specific models for subsequent events after CHD or ischaemic 
stroke 
Predictive model may not be appropriate for application in patients with 
very low or very high risk 
Generalisation to other populations requires care 
Future functions should include factors relating to lipid lowering 
medication use and diabetes control 

Modifications, tools or 
guidelines based on 
algorithm 

 

External validation  

Convergent validation Nanchalal et al. 200251 (compared with Framingham D’Agostino 2001) 

Trials of health 
outcomes 

 
 

Framingham-Laurier 
Derivation of 
prognostic model 

Laurier et al. 199453 
Laurier et al. 199552 

Location & date As Framingham-Anderson 1991 

Population 
characteristics 

As Framingham-Anderson 1991 

Inclusion, co-morbidity As Framingham-Anderson 1991 

Risk factors As Framingham-Anderson 1991 

Outcome CHD 

Prediction period 5 years 

Statistical methods Authors modified the constant term in the Framingham 
Anderson CHD model. The optimal constant was 
determined by maximising the agreement between the 
Framingham model and the Paris Prospective Study 
model 

Practical Point scoring 
Equation  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Torremocha et al. 200154  diabetic cohort 

Convergent validation Dréau et al. 200131 

Trials of health 
outcomes 
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Framingham-Levy 
Derivation of 
prognostic model 

Levy et al. 199055 

Location & date Framingham, USA   
1972 

Population 
characteristics 

Observational prospective community cohort 
10 year follow up 

Inclusion, co-morbidity Survivors of Framingham cohort 

Risk factors Age 50-70 
Sex 
Cholesterol 150-400mg/dl 
HDL Cholesterol 15-120mg/dl 
Systolic BP 90-210mmHG or diastolic BP 60-120mmHg 
Cigarette smoking 
Diabetes 
LCH on ECG 

Outcome CHD 

Prediction period 10 years 

Statistical methods Multiple logistic regression 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 

 
 

Framingham-McGee1973, Shurtleff 1974, Kannel 1976 
Derivation of 
prognostic model 

McGee et al.197356 

Shurtleff et al.197457 

Kannel et al.197658 

Location & date Framingham, USA 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Systolic blood pressure 
Total cholesterol 
Smoking 
LVH 
Glucose tolerance 

Outcome CVD 

Prediction period 8-18 years 

Statistical methods Logistic regression model 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

Gordon et al. 1982216  Incorporates serum HDL and/ or LDL cholesterol 
Brittain 1982215  Chart form for inclusion in Coronary Risk Handbook 

External validation Schroll et al. 198168  Glostrup Population Studies  
Katz et al. 1993122  Tecumseh Community Health Study 

Convergent validation  

Trials of health 
outcomes 

 

 
 

 

 240 



 

Framingham-MRFIT  
Derivation of 
prognostic model 

Multiple Risk Factor Intervention Trial Group 197759 

Location & date Framingham, USA 
c1954 

Population 
characteristics 

N=3119 
Age 35-57 
100% men 
6 year follow up 

Inclusion, co-morbidity  

Risk factors Serum cholesterol 
Diastolic blood pressure 
Cigarette smoking; daily number smoked 

Outcome CHD death 
CHD death or non-fatal MI 
Death from any cause 

Prediction period 6 years 

Statistical methods Logistic model - Walker-Duncan method 

Practical Men only 

Authors notes Used in MRFIT intervention study 
Men aged 35-57 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

 

Framingham-Odell 1994 
Derivation of 
prognostic model 

Odell et al. 199460 

Location & date Framingham, USA 

1960-1964 

Population 
characteristics 

Age 35-69 

N=4404 

Observational prospective community cohort 

28 year follow up 

Inclusion, co-morbidity No exclusion on basis of prior cardiovascular disease 

Risk factors Sex 

Age 

Systolic BP 

Serum cholesterol 

Smoking (regular in past year) 

Relative weight 

Outcome 1. CHD 

2. Stroke (ABI) 

3. MI 

4. Heart attack 

5. CVD 

6. MI or stroke (ABI) 

7. Sudden death 

 241 



Prediction period 20 years 

Statistical methods Non-proportional hazards Weibull accelerated failure 
time model 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Framingham-Wilson 
Derivation of 
prognostic model 

Wilson et al 199861 

Location & date Framingham USA 1971-1974 

Population 
characteristics 

Age 30-74 
N=5345 
Male 47%, nearly 100% white 
Observational prospective community cohort 
12 year follow up 

Inclusion, co-morbidity Survivors of Framingham cohort and the offspring of this cohort with all 
risk factor measurements available. 
No previous CHD 

Risk factors Age 
Sex 
Hypertension (based on systolic and diastolic blood pressure (average of 
2 measures) classified according to JNC-V definitions 
Smoking habit (smoked regularly during previous 12 months) 
Diabetes (treatment with insulin or oral agents, or fasting glucose 
≥150mg/dl (original cohort), ≥140mg/dl (offspring) 
Total cholesterol or LDL cholesterol 
HDL cholesterol 

Outcome 1. Total CHD (angina pectoris, recognised and unrecognised MI, 
coronary insufficiency and CHD death) 
2. Hard CHD (total CHD without angina pectoris) 

Prediction period 10 years 

Statistical methods Cox proportional hazards model (continuous model, similar to 
accelerated time failure model used by Framingham CHD Anderson 
1991, gave nearly identical results to this categorical approach) 

Practical Separate point scores for men and women 
1. Point scoring method including LDL cholesterol 
2. Point scoring method including total cholesterol 
3. Use of continuous variables in equation gave similar area under ROC 

Authors notes Authors suggest clinicians should exercise caution in generalising results. 
Fasting blood required if LDL point score is used 
Family history and fibrinogen not included in algorithms, as information 
incomplete.  LVH not included because of lack of standard ECG criteria. 
Physical activity, obesity not included as these work largely through major 
risk factors. HRT, BP and cholesterol medication not included as value is 
in prediction in free-living population not on medication. 
Lloyd-Jones et al.211;212 used the Wilson algorithm to calculate lifetime risk 
within the Framingham cohort. In women of all ages and older men, the 
algorithm stratified lifetime risk well. However, in younger men 
stratification of lifetime risk was poor. New models are required to predict 
lifetime CHD risk 

Modifications, tools or 
guidelines 

See Table 4 

External validation See Table 9 

Convergent validation  

Trials of health 
outcomes 
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Framingham Wolf 1991 
Derivation of 
prognostic model 

Wolf et al. 199165 

Location & date Framingham USA 
(examination 9) 

Population 
characteristics 

N=5734 
Age 55-84 years 
41% male  

10 year follow up 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Systolic BP 
Antihypertensive medication 
Diabetes mellitus 
Cigarette smoking 
Cardiovascular disease 
Atrial fibrillation 
LVH (ECG) 

Outcome Stroke  

Prediction period 10 years 

Statistical methods Cox proportional hazards regression model 

Practical Sex specific equation 
Sex-specific point scoring 

Authors notes  

Modifications, tools or 
guidelines 

D’Agostino et al. 199466  Better adjustment for 
antihypertensive medication  
Hingorani et al. 1999161  Computer program  
McCormack et al. 1997158  Nomograms based on 
D’Agostino et al. 199466 

External validation Truelsen et al. 199436  Copenhagen City Heart Study 

Convergent validation Dréau et al. 200131 

Trials of health 
outcomes 

 

 

 

 

 

 

Global Coronary Risk Score 
Derivation of 
prognostic model 

Kornitzer et al. 2000(62640} 

Location & date Belgium 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Systolic blood pressure 
Total cholesterol 
HDL cholesterol 
Smoking 

Outcome CHD 

Prediction period Not specified 

Statistical methods Not described 

Practical Point scoring 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Kornitzer et al. 200067 

Convergent validation  

Trials of health 
outcomes 
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Glostrup 2002 
Derivation of 
prognostic model 

Thomsen et al. 2002137 

Location & date Glostrup Population Studies, Denmark 
1978-1992 

Population 
characteristics 

Age 49-70 years 
N=4757 
50% men 
5 pooled observational cohorts of individuals born in 
specific years 
Follow up 10 years 

Inclusion, co-morbidity No previous MI 
Complete information 

Risk factors Sex 
Age 
Serum total cholesterol 
HDL cholesterol 
Systolic blood pressure 
Smoking habit (non/ current) 
Diabetes (self report) 

Outcome CHD death 

Prediction period 10 years 

Statistical methods Logistic regression model 

Practical Risk equation (not shown) 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Thomsen et al. 2002137  Framingham 1971 

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

GREAT – General rule to enable atheroma treatment 
Derivation of 
prognostic model 

Wierzbicki et al. 200027 

Location & date None described – “local system” 

Population 
characteristics 

None described – “local system” 

Inclusion, co-morbidity None described – “local system” 

Risk factors Cholesterol 
Smoking habit (yes/ no) 
Family history 
Blood pressure (greater or less than 140/90) 
LVH 
Body mass index. Diabetic or renal disease 
Triglycerides (<5.0 or >5.0 mmol/L) 
HDL (<0.9, 0.9-1.9, >1.8 mmol/L) 
Age (< 50 years, 50+ years) 
Pre-menopausal or post-menopausal 
History of atherosclerotic disease 

Outcome CVD 

Prediction period None specified 

Statistical methods None described 

Practical Chart 

Authors notes Results expressed as: No intervention needed, Life 
(lifestyle advice), Treat. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Wierzbicki et al. 200027  (Framingham Anderson 1991,  
PROCAM 4-year 1994, Dundee risk table 1991, 
Sheffield table updated 1996, Joint European 1994, 
Joint British 1998, New Zealand tables 1996, BRHS 
1987)  

Trials of health 
outcomes 
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GRIPS Gottingen Risk, Incidence and Prevalence 
diagnostic schedule 
Derivation of 
prognostic model 

Cremer 199069 
 

Location & date Gottingen, Germany 
1982 

Population 
characteristics 

Age 40-60 
N=5132 
100% male 
Factory workers 
5 year follow up 

Inclusion, co-morbidity  

Risk factors Apo A1 
HDL cholesterol 
LDL cholesterol 
VLDL cholesterol 
Triglycerides 
Systolic blood pressure 
Diastolic blood pressure 
Cigarette smoking 
Blood glucose 
Family history of premature MI 
Frequency of alcohol consumption 
Leisure time physical activity 

Outcome CHD (CAD) 
Fatal MI 
Non-fatal MI 
Sudden coronary death 
Chronic CHD 

Prediction period 5 years 

Statistical methods Multivariate logistic regression 

Practical Decision aid 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

INDANA  
Derivation of 
prognostic model 

Pocock et al. 200170 
 

Location & date Individual data analysis of antihypertensive intervention 
trials 
Europe and North America 

Population 
characteristics 

N=47,088 
See refs 11,12 
Participants in 8 trials of antihypertensive treatment 
with differing age ranges and eligibility criteria 
Mean 5.2 years follow up 

Inclusion, co-morbidity Patients with raised blood pressure. Patients with 
history of MI or stroke included 

Risk factors Age (8 categories) 
Sex 
Total cholesterol (6 categories) 
Systolic blood pressure (11 categories) 
Antihypertensive medication 
Cigarette smoking 
Height (5 categories) 
Creatinine (8 categories) 
History of MI 
History of stroke 
Left ventricular hypertrophy 
Diabetes  

Outcome Cardiovascular death 
Fatal coronary heart disease 
Fatal stroke 
All cause mortality 

Prediction period 5 years 

Statistical methods Multivariate Cox proportional hazards model adjusted 
for trial and treatment group. Converted to integer score 
in reference sample (UK MRC antihypertension trials 
N=20,941) 

Practical Integer score 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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International Cooperative Study on Cardio-vascular 
Epidemiology 
Derivation of 
prognostic model 

Keys et al. 197271 

Location & date US railroads employees, 13 European cohorts 

Population 
characteristics 

N=11,132 
Age 40-59 
100% male 

Inclusion, co-morbidity CHD free 

Risk factors Age 
Systolic blood pressure 
Cholesterol 
Smoking  
BMI 

Outcome CHD 

Prediction period 5 years 

Statistical methods Multiple logistic equation 

Practical  

Authors notes Separate risk equations for US and Europe 

Modifications, tools or 
guidelines 

Khosla 1977220  Simplified equation for use on pocket 
calculator 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

Italian cohorts of the Seven countries study 1985 
Derivation of 
prognostic model 

Menotti et al. 199072 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Systolic blood pressure 
Total cholesterol 
Smoking  
BMI 
Physical activity 

Outcome CHD 

Prediction period 20 years 

Statistical methods Multiple logistic function 

Practical Equation  

Authors notes Men only 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Italian cohorts of the Seven countries study 1990 
Derivation of 
prognostic model 

Menotti et al. 199073 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Systolic blood pressure 
Total cholesterol 
Smoking 
Diabetes  

Outcome CVD 

Prediction period 25 years 

Statistical methods Log-linear model incorporating Weibull distribution. 
Accelerated failure time model 

Practical Tables 

Authors notes Men only 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

John Hopkins multiple risk equations 
Derivation of 
prognostic model 

Pearson et al. 199074 
 

Location & date  

Population 
characteristics 

John Hopkins Precursor Study 
Baltimore, USA 
1948-1964 
Follow-up 19-35 years 

Inclusion, co-morbidity N=1,130 
Usually age 25 years or less 
Approximately 91% male 
Medical students Study of precursors of hypertension 

Risk factors Age 
Total cholesterol (non-fasting, Bloor method)) 
Cigarette smoking 
Paternal history of coronary disease 

Outcome CHD (MI, angina pectoris, sudden death) 
 

Prediction period 30-year prediction 

Statistical methods Cox proportional hazards regression 
 

Practical Regression equation 

Authors notes Authors also report equation to predict hypertension 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

 247 



Kaiser Permanente 
Derivation of prognostic 
model 

Benson 199775 

Location & date Based on patient-specific data from Helsinki Heart and 
Framingham studies 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
LDL cholesterol 
HDL cholesterol 
Hypertension 
Smoking 
Diabetes 

Outcome CVD 

Prediction period Not specified 

Statistical methods Not described 

Practical Computerised chart 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

Luoto 1994 
Derivation of 
prognostic model 

Luoto et al. 199476 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Total cholesterol (3 categories 
HDL cholesterol (3 categories) 
Hypertension (3 categories) 
Smoking (3 categories) 
BMI (3 categories) 
Leisure time physical activity (3 categories) 

Outcome Cardiovascular disease 

Prediction period  

Statistical methods Integer score 

Practical  

Authors notes Suitable logistic function for Finnish population is not 
available 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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McManus 1986 
Derivation of 
prognostic model 

McManus et al. 198677 

 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Systolic blood pressure 
Diastolic blood pressure 
Smoking (cigarettes/day) 
Heredity (age of parent heart attack/ number of affected 
family members) 
Diabetes (duration) 
Total cholesterol 
HDL cholesterol 

Outcome CHD 

Prediction period  

Statistical methods Weighting of risk based on known approximate degrees 
of association with cardiovascular risk factors 

Practical Point scoring 

Authors notes Applicable to >15 years old 
 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 

MRFIT CHD prevention model 
Derivation of 
prognostic model 

McNeil et al. 200178 

 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Diastolic blood pressure  
Total cholesterol 
Smoking  

Outcome CHD death 
All causes of death 

Prediction period 6 years 

Statistical methods Multivariate analysis 

Practical Equation  

Authors notes Men only 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Nagpur 1994 
Derivation of 
prognostic model 

Zodpey et al. 199479 

Location & date Nagpur, India 

Population 
characteristics 

N=308 
Men and women 
Hospital based case control study. Cases (n=154) were 
identified as having probable CHD (Epstein 1965). 
Controls (n=154) were age and sex matched patients 
with conditions other than CHD 

Inclusion, co-morbidity Patients with previously known CHD excluded 

Risk factors Socio-economic status (Kuppuswamy scale) 
Physical activity (3 categories) 
Diabetes mellitus 
Hypertension 
Total cholesterol (3 categories) 

Outcome CHD 

Prediction period  

Statistical methods Conditional multiple logistic regression analysis 
Internal validation using ROC curve 

Practical Regression equation 
Point scoring 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Zodpey et al. 199479 

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

North Karelia Risk Equation 
Derivation of 
prognostic model 

Weinehall et al. 200180 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Diastolic blood pressure 
Total cholesterol 
Smoking 

Outcome CVD death 

Prediction period Not specified 

Statistical methods Not described 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Northwick Park  
Derivation of 
prognostic model 

Miller et al. 199781 

Location & date Northwick Park Heart Study, North London, UK 
Date not specified 

Population 
characteristics 

Age 40-64 
N=1511 
100% men 
100% white 
Occupational cohort 
5 year follow up 

Inclusion, co-morbidity  

Risk factors Body mass index 
Cholesterol 
Systolic blood pressure 
Smoking (current) 
(also version including fibrinogen and Factor VIIc) 

Outcome CHD (fatal and non-fatal) 

Prediction period 5 years 

Statistical methods Multiple linear regression analysis 

Practical Risk equation 

Authors notes  

Modifications, tools or 
guidelines 

Increase risk by 50% if family history of premature 
ischaemic heart disease 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

Olmstead County  
Derivation of 
prognostic model 

Tsang et al. 200382 

Location & date Olmstead County, Minnesota, USA.   
1990-1998 

Population 
characteristics 

Age 65+ 
N=1160 
36% male 
Random sample of clinic referrals 
Mean follow up 3.8 years 

Inclusion, co-morbidity Referrals to hospital transthoracic echocardiography 
clinic 
Excluded if mild valvular disease identified by 
transthoracic echocardiography, or history of MI, stroke, 
TIA, atrial fibrillation or revascularisation. 

Risk factors Age (5 groups) 
Sex 
Systemic hypertension 
Diabetes mellitus 
Echocardiographic variables (left ventricular ejection 
fraction, diastolic function, left atrial volume, left 
ventricular mass) 

Outcome First cardiovascular event (MI, revascularisation, CHF, 
atrial fibrillation, stroke, TIA, cardiovascular death) 

Prediction period 2 years 

Statistical methods Cox proportional hazards model 

Practical Point scoring 

Authors notes Presenting symptoms were not independently 
predictive of first events in univariate or multivariate 
model 
The authors applied the model in the next 410 patients 
entered into the RCT from 1998 onwards. Hazard ratios 
for the derivation population (HR 1.44) compared 
closely with that of the validating population (HR 1.40). 
Also, estimated event rates for the two cohorts at 1 and 
2 years compared well when stratified by risk score. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Paris Prospective Study 1976 
Derivation of 
prognostic model 

Ducimetiere et al. 197683 

Location & date Paris, France 
1967-1972 

Population 
characteristics 

Age 42-53 
N=7,412 
100% men 
Occupational cohort (policemen) 
4 year follow up 

Inclusion, co-morbidity No angina, MI or coronary insufficiency. Complete 
information 

Risk factors Total plasma cholesterol 
Systolic blood pressure 
Smoking habit (average number of cigarettes smoked 
per day over previous 5 years) 
Diabetes (self reported medical treatment) 
ECG: arrhythmias, heart block, LVH, repolarisation 
troubles, left atrial deviation 

Outcome CHD (CHD death, myocardial infarction, angina)  

Prediction period 4 years 

Statistical methods Lellouch exponential model 

Practical Risk equation: absolute risk 

Authors notes Age not included in risk analysis as the age range 
studied was narrow. Results are applicable to age 
range 42-53 years 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Dréau et al. 200131 

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

Paris Prospective Study 1981 
Derivation of 
prognostic model 

Ducimetiere et al. 198184 

Laurier et al. 199453 

Location & date Paris, France   
1967- 

Population 
characteristics 

Age 43-53 
N=7434 
100% male 
Mean follow up 6.7 years 

Inclusion, co-morbidity  

Risk factors Age 
Systolic blood pressure 
Total cholesterol 
Smoking habit (mean number of cigarettes smoked per 
day over last 5 years) 

Diabetes (treatment for high glucose level) 

Outcome  

Prediction period  

Statistical methods  

Practical Risk equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Laurier et al. 199453 

Trials of health 
outcomes 
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Physicians’ Health Study 
Derivation of 
prognostic model 

Glynn et al. 200285 

Location & date USA 

Population 
characteristics 

Age 
N=17,862 
100% men 
Randomised controlled trial of aspirin and ß-carotene 
supplement 
Median follow up 13 years 

Inclusion, co-morbidity No previous CVD 
Complete information 

Risk factors Age 
Systolic blood pressure 
Diastolic blood pressure 
Antihypertensive medication 
Smoking 
Diabetes 
BMI 
Family history 
Exercise 
Alcohol intake 

Outcome CVD 

Prediction period 13 years 

Statistical methods Cox proportional hazards model 

Practical Equation 

Authors notes Men only 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

Plovdiv 
Derivation of 
prognostic model 

Valkov J et al. 199586 

Location & date Plovdiv, Bulgaria 
1987-1989 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Sex 
Diastolic blood pressure 
Total cholesterol 
Blood sugar 

Outcome IHD 

Prediction period  

Statistical methods Regression equation 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

Equation 

External validation  

Convergent validation  

Trials of health 
outcomes 
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PRECARD - Copenhagen Risk Score 
Derivation of 
prognostic model 

Thomsen et al. 200187 

Location & date Copenhagen Heart Study, Denmark 
Glostrup Population Studies, Denmark 
1977-1991 

Population 
characteristics 

Age 22-93 
N=11,765 
50% men 
Pooling of two community studies 
Follow up 2-16 years 

Inclusion, co-morbidity  
Complete risk factor information (including HDL) 

Risk factors Age  
Sex 
Cholesterol 
HDL cholesterol 
Systolic blood pressure 
Body mass index 
Diabetes (yes/ no) 
Previous MI (yes/ no) 
Family history of MI 
Smoking habit (never/ ex-/ current) 

Outcome Fatal and non-fatal MI 

Prediction period 10 years 

Statistical methods Cox regression model 

Practical Risk function 
Computer program 

Authors notes Method also uses data from randomised controlled 
trials to estimate effects of cholesterol lowering 
treatment 

Modifications, tools or 
guidelines 

DSAM guidelines 2002 

External validation Framingham and SCORE project “these data will be 
reported separately” 

Convergent validation De Visser et al. 200388  (Framingham Anderson 1991) 

Trials of health 
outcomes 

 

 
 
 
 
 
 
 

PROCAM Assmann 1993 
Derivation of 
prognostic model 

Assmann 199389 

Location & date Munster Germany  
1979-1985 

Population 
characteristics 

Age 40-65 
N=4,849 
100% male 
Observational prospective occupational cohort 
6year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities 
No history of MI or stroke 

Risk factors Age 
Systolic blood pressure 
Total cholesterol 
HDLcholesterol  
Smoking  
Diabetes  
Family history 
Angina pectoris 

Outcome CHD 

Prediction period 6 years 

Statistical methods Logistic function analysis 

Practical  

Authors notes Men only 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Game et al. 200163  (Framingham Anderson) 
Haq et al. 199935  (Joint British recommendations 1998, 
updated Sheffield table 1996, WOSCOPS 1996, New 
Zealand tables 1996, Sheffield tables 1997) 
Yudkin et al. 1999179  (Framingham Anderson, Dundee 
coronary risk-disk) 

Trials of health 
outcomes 
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PROCAM Assmann 1997 
Derivation of 
prognostic model 

Assmann 199791 

Location & date Munster Germany 1979-1985 

Population 
characteristics 

Age 40-65 
N=4,849 
100% male 
Observational prospective occupational cohort 
8 year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities 
No history of MI or stroke 

Risk factors Age 
LDL cholesterol 
HDL cholesterol 
Total cholesterol 
Triglycerides 
Systolic blood pressure 
Smoking habit 
Glucose intolerance 
Family history of early MI 

Outcome MI or cardiac death 

Prediction period 8 years 

Statistical methods Multiple logistic function 

Practical  

Authors notes Lp(a) and coagulation factors may increase the 
predictive value 
Few details of equation provided 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 

PROCAM Assmann 1998, Cullen 1998 
Derivation of 
prognostic model 

Assmann et al. 199892 
Cullen et al. 199893 

Location & date Munster Germany 1979-1985 

Population 
characteristics 

Age 36-65 
100% male Caucasian 
Observational prospective occupational cohort 
8 year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities 
No history of MI or stroke 

Risk factors Age 
LDL cholesterol 
HDL cholesterol 
Total cholesterol 
Triglycerides 
Systolic blood pressure 
Smoking habit 
Glucose intolerance 
Family history of early MI 
Angina pectoris 

Outcome CHD 

Prediction period 8 years 

Statistical methods Multiple logistic regression 

Practical Regression equation 
Risk factor counting 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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PROCAM Assmann 2002, 2003 
Derivation of 
prognostic model 

Assmann 200295   
International Task Force for Prevention of Coronary 
Heart Disease/ International Atherosclerosis Society 
2003. Pocket Guide to Prevention of Coronary Heart 
Disease(64982} 

Location & date Munster Germany 1979-1985 

Population 
characteristics 

Age 35-65 
N=5,389 
100% male 
Observational prospective occupational cohort 
10 year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities 
No history of MI, stroke, ECG evidence of IHD, angina 
pectoris 

Risk factors Age 
LDL cholesterol (5 categories) 
HDL cholesterol (4 categories) 
Triglycerides (4 categories) 
Systolic blood pressure (5 categories) 
Smoking habit 
Diabetes 
MI family history (first degree relatives with MI) 

Outcome Major coronary event (sudden cardiac death, definite 
fatal/ non-fatal (ECG, enzymes) MI, CHD diagnosed by 
angiography, suspected coronary deaths) 

Prediction period 10 years 

Statistical methods Cox proportional hazards model. Kaplan Meier 
conversion of relative to absolute risk. Authors report 
comparison of Cox model with point score, Model 
discrimination (ROC) and calibration of score in same 
population 

Practical Point scoring method 

Authors notes Authors note that the simple point scoring system 
contained nearly all information included as continuous 
variables in the Cox function. Only applicable to men. 

Modifications, tools or 
guidelines 

International Task Force for Prevention of Coronary 
Heart Disease. Pocket guide to prevention of coronary 
heart disease 1993. 65474. Regional adjustment 
factors based on CHD morbidity, mortality and case-
fatality from WHO MONICA project. Also, adjustment 
for post-menopausal women without diabetes (divide 
risk by 4)  
http://chdrisk.uni-muenster.de/calculator. 

External validation Empana et al. 2003250 
Schulz et al. 2003257 

Convergent validation  

Trials of health 
outcomes 

 

 

PROCAM Voss 2002 
Derivation of 
prognostic model 

Voss et al. 200297 

Location & date Munster Germany 1979-1985 

Population 
characteristics 

Age 35-65 
N=4,818 
100% male 
Observational prospective occupational cohort 
10 year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities 
No history of MI, stroke, ECG evidence of IHD, angina 
pectoris 

Risk factors Age 
HDL cholesterol 
LDL cholesterol 
Triglycerides 
Systolic blood pressure 
Smoking habit 
Diabetes 
MI family history (first degree relatives with MI) 

Height 

Gamma glutamyl transferase 
Body mass index 
Personal or family history of hypertension 

Outcome Major coronary event (sudden cardiac death, definite 
fatal/ non-fatal (ECG, enzymes) MI) 

Prediction period 10 years 

Statistical methods 1. Multi-layer perceptron network 
2. Probalistic neural network 
Internal validation compared area under ROC for the 
two methods and logistic regression 

Practical Point scoring method 

Authors notes Multi-layer perceptron method was best in identifying 
individuals at a high risk of developing a coronary event 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Il Progetto Romano di Prevenzione della Cardiopatia 
Coronarica 
Derivation of 
prognostic model 

Mariotti et al. 197798 

Location & date Rome, Italy 

Population 
characteristics 

European multifactor preventive trial of CHD 
Occupational cohort in randomised controlled trial 

Inclusion, co-morbidity Age 40-59 
N 
100% male 
Intervention and control group from multiple risk factor 
preventive trial of CHD 

Risk factors Age  
Total cholesterol  
Systolic blood pressure  
Daily cigarette smoking  
Work activity  

Outcome Coronary heart disease 

Prediction period  

Statistical methods Multiple logistic function 

Practical Risk equation  

Authors notes Risk function compared well with WHO 1974 point 
scoring method in rural Italian cohorts of Seven 
Countries Study 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

Rasmusen Centre 
Derivation of 
prognostic model 

Cohn et al. 200399 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
History of high blood pressure 
History of high cholesterol 
Smoking 
History of high blood sugar 
Family history of premature CVD or diabetes 
Early markers of arterial and cardiac disease 

Outcome CVD 

Prediction period Not specified 

Statistical methods Not described 

Practical Point scoring 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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RCV-ap  
Derivation of 
prognostic model 

Cordobo Garcia et al. 1993100 

Location & date Based on Framingham-Kannell 1976 

Population 
characteristics 

Based on Framingham-Kannell 1976 

Inclusion, co-morbidity Based on Framingham-Kannell 1976 

Risk factors Age (3 groups) 
Sex 
Blood pressure (2 groups) 
Tobacco consumption (yes/ no) 
Cholesterolaemia (3 groups) 
Glycaemia (2 groups) 

Outcome CVD 

Prediction period 16 years 

Statistical methods Based on Framingham-Kannell 1976 

Practical Multiplicative memory method 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Vilaseca Canais et al. 199741  (Framingham Anderson, 
Dundee risk disk, Sheffield tables updated 1996) 

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

 

REGICOR 
Derivation of 
prognostic model 

Marrugat et al. 2003101 

Recalibration of Framingham-Wilson 1998 

Location & date As Wilson 1998 

Population 
characteristics 

As Wilson 1998 

Inclusion, co-morbidity As Wilson 1998 

Risk factors Age (10 year groups) 
Sex 
Hypertension (anti-hypertensive therapy, blood 
pressure ≥ 140/90 mmHg) 
Smoking habit (smoked ≥1 cigarette per day) 
Diabetes (diabetic diet, treatment with insulin or oral 
agents, or fasting glucose ≥139mg/dl (original cohort), 
≥140mg/dl (offspring) 
Serum total cholesterol 
HDL cholesterol 

Outcome Hard CHD (coronary death or non-fatal MI) 

Prediction period 10 years 

Statistical methods Recalibration of Framingham-Wilson 1998 using annual 
regional incidence of CHD between 1990 and 1997 

Practical Risk equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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RIFLE 
Derivation of 
prognostic model 

Menotti et al.1994102 

Location & date Italy 13 regions 
1978-1987 

Population 
characteristics 

Ages 30-69 
N=20,386 
100% male 
Italian RIFLE pooling project. 45 observational 
prospective population and occupational cohorts 
6 year follow up 

Inclusion, co-morbidity No previous definite or possible MI 

Risk factors Age 
Blood pressure (average of 2 measures) 
Cholesterol (fasting) 
Smoking habit (number of cigarettes smoked per day) 

Outcome Fatal CHD 

Prediction period 6-years 

Statistical methods Cox proportional hazards model 
Separate equations for 4 age groups 
Regression equation (coefficients of the proportional 
hazards model reported) 

Practical Equation 

Authors notes No prediction in ages 30-39 due to small number of 
events. 
Heterogeneous pooling of 45 different population 
samples. Likely to provide a representative sample of 
the country. Not yet possible to look at population 
samples separately. 
Coefficients of multiple logistic function compared well 
with similar analysis of MRFIT population. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 

 

 

RISCARD 
Derivation of 
prognostic model 

Menotti 2001104  
Menotti 2002103 

Location & date ECCIS-SCS Gubbio 

Population 
characteristics 

N=9771  
N=9,089 (RISCARD) 
Age 35-74 
5-15 year follow-up 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Mean blood pressure 
Non-HDL cholesterol 
HDL cholesterol 
Smoking 
Diabetes 
BMI 
Heart rate 

Outcome Hard CHD 
Hard CVD 
Hard cerebrovascular 

Prediction period 5 years 

Statistical methods Log-linear model incorporating Weibull hazard 
distribution; accelerated time failure model 

Practical Models for older and younger people 
Computer program (RISCARD) 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Rotterdam 2003 
Derivation of 
prognostic model 

Nijhuis et al. 2003106 

Location & date Rotterdam Study 
Rotterdam, Netherlands 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Blood pressure 
Medical history 
Laboratory tests 
Medication use 
Mild CVD 

Outcome CVD 
CHD 
Stroke 

Prediction period 5 years 

Statistical methods Cox proportional hazards regression model 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 

 

 

 

 

 

 

Rotterdam 2002 
Derivation of 
prognostic model 

Nijhuis et al. 2002105 

Location & date Rotterdam, Netherlands 

Population 
characteristics 

Age 55-80 
N=5431 
Population based prospective study 
Follow up 10 years 

Inclusion, co-morbidity No history of cardiovascular disease 

Risk factors Age 
Gender 
Total cholesterol 
HDL cholesterol 
Systolic blood pressure 
Antihypertensive medication use 
Smoking status 
Diabetes mellitus 
Family history of MI 
Angina pectoris 
Intermittent claudication 

Outcome CHD 

Prediction period 10 years 

Statistical methods Regression model 

Practical Equation  

Authors notes Area under ROC 0.748 (0.718-0.778).  Ankle-brachial 
pressure index and ECG variables showed only small 
improvements to ROC curves. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Royal College of Physicians of Edinburgh Diabetes 
research group 
Derivation of 
prognostic model 

Royal College of Physicians of Edinburgh Diabetes 
research group 2004107 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 
Systolic blood pressure 
Diastolic blood pressure 
Total cholesterol 
Smoking 
HbA1c 
Urinar albumin 

Outcome Macro-vascular disease 

Prediction period 6-9 years 

Statistical methods Cox proportional hazards model 

Practical Point score 
Equation  

Authors notes Diabetics only 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 
 

SCORE  2003 
Derivation of 
prognostic model 

Conroy et al. 2003108 
 

Location & date Europe 1967-1991 

Population 
characteristics 

Participants in age range 45-64 from cohorts total 
N=205,178 
Age 19-80 
57% Male 
Participants from population based and occupational 
cohort studies in 12 European countries 
Varying follow up periods 

Inclusion, co-morbidity No previous history of heart attack 

Risk factors Age 
Sex 
Total cholesterol or cholesterol/HDL cholesterol ratio 
Systolic blood pressure 
Smoking 

Outcome Cardiovascular mortality 

Prediction period 10 years 

Statistical methods Weibull proportional hazards model – stratified by 
cohort and sex (separate hazard functions), but risk 
factor coefficients derived from the whole cohort. 
Internal validation used area under ROC curves.` 

Practical Two different risk charts: total cholesterol; or 
cholesterol/HDL cholesterol ratio 
Authors limited calculation of model fit to age 45-64 

Authors notes Diabetes not included as no standard definition applied 
in included cohorts 

Modifications, tools or 
guidelines 

European guidelines on cardiovascular disease 
prevention in clinical practice. European Heart Journal 
2003  (64524).  SCORE charts included in guidelines 

External validation Aktas et al. 2004109 

Convergent validation  

Trials of health 
outcomes 
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UKPDS risk engine (UKPDS 56) 
Derivation of 
prognostic model 

Stevens et al. 2001111 

Location & date 23 UK hospitals 1997-1991 

Population 
characteristics 

Age 25-65 
N=4,540 
58% Male 
83% white Caucasian 
Participants in randomised controlled trial of diabetes 
treatment 
Follow up 4 years + 

Inclusion, co-morbidity Newly diagnosed diabetics (GP referrals to diabetes 
hospital clinic) 
Fasting glucose >6mmol/L 
Patients with recent MI, angina and heart failure 
excluded 

Risk factors Age 
Sex 
Cholesterol/HDL ratio (mean of values at year 1 and 2) 
Systolic blood pressure (mean of values at year 1 and 
2) 
Smoking habit (any tobacco at time of diabetes 
diagnosis) 
HbA1c (mean of values at year 1 and 2) 
Ethnicity (Afro-Caribbean, Caucasian, Asian Indian) 

Outcome Fatal or first non-fatal MI, sudden death 

Prediction period 20 years 

Statistical methods Maximal likelihood estimation (Newton-Raphson 
method). Fully parametric model combining hazard 
ratios and absolute event rates 

Practical Risk equation 
Internet resource 
http://www.dtu.ox.ac.uk/index.html?maindoc=/riskengin
e/  (version 2.0) 

Authors notes Function is for patients with diabetes. Comparison of 
risk in example patient scenarios by Joint British 
Cardiac Risk Assessor Computer Program and UKPDS 
risk engine shows differences in estimated risk with 
HbA1c level. 

Modifications, tools or 
guidelines 

 

External validation McEwan et al. 2001112 
Protopsaltis et al. 2004113 

Convergent validation McEwan et al. 2001112  Framingham Anderson CHD 
1991 

Trials of health 
outcomes 

 

 

US-Railway 
Derivation of 
prognostic model 

Thorsen et al. 1979115 

Location & date North Western USA 

Population 
characteristics 

Age 40-59 
N=2451 
100% male 
Work-site cohort 
5 year follow up  

Inclusion, co-morbidity Free of manifest CHD 

Risk factors Age 
Serum cholesterol 
Diastolic blood pressure 
Cigarette smoking (number smoked per day) 

Outcome Fatal or non-fatal MI 

Prediction period 5 and 20 years 

Statistical methods Multiple logistic regression 

Practical Equation 
Slide rule risk disk 
Computer program 

Authors notes Men only 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Regression coefficients compared with Framingham 
Gordon 1971 

Trials of health 
outcomes 
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West Dorset 
Derivation of 
prognostic model 

Dlugolecka et al. 1989116 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Six categories for each of:  
Age groups 
Age/ sex/ contraceptive use 
Patient reported blood pressure (including treatment)  
Cigarette smoking. 
Diet – meat eating. 
Stress 
Exercise 
Weight 
Family history 

Outcome CHD 

Prediction period None specified 

Statistical methods None described 

Practical Point scoring 

Authors notes “Widely used in West Dorset,” UK 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 

Westlund Score 
Derivation of 
prognostic model 

Westlund and Nicolaysen 1972117 

Location & date Norway  

Population 
characteristics 

Industrial physicians 

Inclusion, co-morbidity  

Risk factors Sex 
Total serum cholesterol 
Systolic blood pressure 
Smoking habit 
Family history of heart disease 

Outcome MI 

Prediction period 10 years 

Statistical methods Product of relative risks 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

Holmen et al. 1993218 Norwegian guidelines for 
hypertension 1993 

Hetlevik et al. 1998118 Clinical decision support system 
incorporating Norwegian guidelines for hypertension 

External validation  

Convergent validation  

Trials of health 
outcomes 

Hetlevik et al. 1999119, Hetlevik et al. 1998118 
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WHO 1974  
Derivation of 
prognostic model 

WHO European Collaborative Group 1974120 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age (2 categories) 
Serum cholesterol 
Systolic blood pressure (3 categories) 
Cigarettes/ day (3 categories) 
Job activity (3 categories) 

Outcome CHD 

Prediction period Not specified 

Statistical methods None described 

Practical Point scores 

Authors notes “Applying this system to other prospective studies has 
shown generally good correlation with the multiple 
logistic function” 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

 

Women’s Health Study 2002   
Derivation of prognostic 
model 

Glynn et al. 200285 

Location & date USA 
1993 

Population 
characteristics 

Age 
N=36,944 
100% women 
Randomised controlled trial of aspirin and vitamin E 
Median follow up 6.2 years 

Inclusion, co-morbidity No previous CVD 
Complete information 

Risk factors Age 
Systolic blood pressure 
BMI 
Current anti-hypertensive use 
Diabetes mellitus 
Family history of MI 
Smoking habit 
Exercise 
Alcohol intake 

Outcome CVD 

Prediction period 6 years 

Statistical methods Cox proportional hazards model 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Zoetermeer 1993 
Derivation of 
prognostic model 

Hoes et al. 1993121 

Location & date Zoetermeer, Netherlands 
1975-1978 

Population 
characteristics 

Age ≥20 
N=6057 
47% men 
Community based prospective study 
9-12 year follow up 

Inclusion, co-morbidity People with history of MI were included 

Risk factors Age 
BMI 
Systolic blood pressure 
Pulse rate 
Cigarette use 
Antihypertensive drugs 
Diabetes mellitus 
Previous myocardial infarction 

Outcome Death from all causes 

Prediction period 11.5 years 

Statistical methods Proportional hazards models for men and women 

Practical Risk function 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Albany 
Derivation of 
prognostic model 

Katz et al. 1993122 

Location & date Albany 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Katz et al. 1993122 

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ARIC Stroke 
Derivation of 
prognostic model 

Chambless et al. 2004123 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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ARIC 2003 
Derivation of 
prognostic model 

Chambless et al. 2003124 

Location & date 4 suburbs of Minneapolis, USA 
1987-1989 

Population 
characteristics 

Age 45-64 
N=14054 
43% male 
74% white, 26% black 
Observational prospective cohort study 
Median 10.2 year follow up 

Inclusion, co-morbidity White and black men and women with no pre-existing 
CHD 
Complete data 

Risk factors Systolic BP 
Hypertension medications 
Total cholesterol 
HDL cholesterol 
Diabetes 
Smoking habit and history 
BMI 
Waist-hip ratio 
Sports activity index 
Key’s score 
Residual FEV1 
Fibrinogen, factor VII, vWF, LP(a) 
Heart rate 
Mean intima-media thickness 

Outcome CHD (definite/ probable MI, definite CHD death, ECG 
MI, coronary revascularisation) 

Prediction period 10 years 

Statistical methods Race and sex specific Cox regression models 
Internal validation with ROC curves 

Practical Risk equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 

 
Augsburg Monica 
Derivation of prognostic 
model 

Liese et al. 2000125 

Location & date Augsburg, Germany 
WHO MONICA cross-sectional survey 

Population 
characteristics 

N=1014 
Age 45-64 

Inclusion, co-morbidity  

Risk factors Hypertension (systolic BP 160 mmHg+ or diastolic BP 
95mmHg+) 
Current regular cigarette smoker (1+/day) 
Total cholesterol/ HDL cholesterol ration 5.5+ 

Outcome Non fatal and fatal MI 

Prediction period  

Statistical methods Authors derived rate advancement periods (RAPs) 
using method of Brenner 1993 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Chicago Gas 
Derivation of prognostic 
model 

Katz et al. 1993122 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Katz et al. 1993122 

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Chicago Heart Association Detection Project in 
Industry 
Derivation of prognostic 
model 

Navas-Nacher et al. 2001126 

Location & date Chicago USA 
1967-1973 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors Age 18-39 
N=11,016 
M (100%) 
 
 
(also age 40-59 
N=8955) 

Outcome  

Prediction period  

Statistical methods Cox proportional hazards 

Practical  
Authors notes  
Modifications, tools or 
guidelines 

 

External validation  
Convergent validation  
Trials of health 
outcomes 

 

 

 268 



 
Chicago Heart Association Score 
Derivation of prognostic 
model 

Greenland et al. 2004127 

Location & date Chicago, USA 

Population 
characteristics 

Age 18-29 
N=5245 
100% men 
Worksite cohort: Chicago Heart Association Detection 
Project in Industry 
30 year follow up 

Inclusion, co-morbidity  

Risk factors Age 
Total cholesterol 
Systolic blood pressure 
BMI 
Current smoking 
diabetes 

Outcome CHD mortality 

Prediction period 30 years 

Statistical methods Cox proportional hazards model 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 

 
 
Chicago Western Electric 
Derivation of 
prognostic model 

Katz et al. 1993122 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Katz etal. 1993122 

Convergent validation  

Trials of health 
outcomes 
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Chinese multi-provincial cohort study 
Derivation of 
prognostic model 

Liu et al. 2004128 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods Re-calibration of Framingham-Anderson using mean 
values of risk factors and mean incidence rates from 
the Chinese Multi-provincial Cohort Study cohort. 
Calibration was improved substantially but did not 
improve discriminatory ability. 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Framingham-D’Agostino 2001 
Derivation of 
prognostic model 

D’Agostino et al. 2001129 

Location & date Framingham USA 1971-1974 

Population 
characteristics 

Age 30-74 
N=5251 
46% Male, nearly 100% white 
Observational prospective community cohort 
12 year follow up 

Inclusion, co-morbidity Survivors of Framingham cohort and the offspring of 
this cohort free from CVD 

Risk factors Age 
Cholesterol and HDL cholesterol categories according 
to NCEP-ATP II 
Blood pressure according to JNCV categories 
Current smoking 
Presence of diabetes 

Outcome CHD: Coronary death or MI 

Prediction period 5 and 10 year event rates 

Statistical methods Sex specific proportional hazards regression function 
 

Practical Regression equation 
Recalibration for application to different settings and 
ethnic groups 

Authors notes LVH not included 

Modifications, tools or 
guidelines 

 

External validation D’Agostino et al. 2001129  ARIC 
D’Agostino et al. 2001129  Physicians’ Health Study 
D’Agostino et al. 2001129  Honolulu Heart Program 
D’Agostino et al. 2001129  Strong Heart Study 
D’Agostino et al. 2001129  Puerto Rico Heart Health 
Program 
D’Agostino et al. 2001129  Cardiovascular Health Study 
Liu et al. 2004128  Chinese Multi-provincial Cohort Study 
Marrugat et al. 2003101;241 
Aktas MK et al. 2004109  Cleveland Clinic Foundation 
executive physical examination 

Convergent validation Nanchalal et al. 200251 (compared with Framingham 
D’Agostino 2000) 

Trials of health 
outcomes 
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Framingham-Gordon 1977 
Derivation of 
prognostic model 

Gordon 1977130 

Location & date Framingham, USA. 1968-1971 

Population 
characteristics 

Age 49-82 
N=2470 
41% male, nearly 100% white 
Observational prospective community cohort 
4 year follow up 

Inclusion, co-morbidity Survivors of Framingham cohort free of CHD 

Risk factors HDL cholesterol 
LDL cholesterol 
Triglycerides (did not contribute to final model) 
Systolic blood pressure 
LVH ECG 
Relative weight (did not contribute to final model) 
Diabetes  

Outcome CHD (definite MI, angina pectoris, coronary 
insufficiency, or CHD death) 

Prediction period 4 years 

Statistical methods Logistic regression (Walker and Duncan 1967) 

Practical Multivariate risk function 

Authors notes Smoking not included as considered unrelated to CHD 
risk after age 65, 
Identification of high and low risk persons is as good in 
those over 70 years as in those under 60 years. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 

 
 
Framingham-Larson 1995 
Derivation of 
prognostic model 

Larson et al. 1995131 

Location & date Framingham, USA 
1948-1953 

Population 
characteristics 

Age 65-84 
N=1573 
Observational prospective community cohort 
10 year follow up 

Inclusion, co-morbidity Free of cardiovascular disease 

Risk factors Sex 
Age 
Systolic BP 
Serum cholesterol 
Smoking (regular in past year) 
Body mass index 
Diabetes (insulin treatment or random whole-blood 
glucose 150mg/dl or more on two occasions) 

Outcome Cardiovascular disease (Framingham criteria) 

Prediction period 10 years 

Statistical methods Proportional hazards regression 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Framingham-Leaverton 
Derivation of 
prognostic model 

Leaverton et al. 1987132 

Location & date Framingham USA  
1960-1964 

Population 
characteristics 

Age 40-74 years  
N=4103  
Men and women, nearly 100% white 
Prospective community cohort. Representative sample 
of Framingham, Massachusetts 
10 year follow up 

Inclusion, co-morbidity  

Risk factors Age 
Sex 
Systolic blood pressure 
Serum cholesterol 
Cigarette smoking (no, yes) 

Outcome CHD death 

Prediction period 10 years 

Statistical methods Multiple logistic function 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Knuiman et al. 199730  Busselton Study 
Leaverton et al. 1987(60326}  NHANES1 

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 

 
 

Framingham-Liao 1999 
Derivation of 
prognostic model 

Liao et al. 1999133 
 

Location & date Framingham USA 1954-1958 

Population 
characteristics 

Age 35-69 
N=4169 
44% male, nearly 100% white 
Prospective community cohort. Representative sample 
of Framingham, Massachusetts 
24 year follow up 

Inclusion, co-morbidity Free of CHD 

Risk factors Age 
Cholesterol (Abell-Kendall) 
Systolic blood pressure (average of 2 measures) 
Current smoker 
Diabetes (treatment with insulin or oral agents, or 
fasting glucose ≥150mg/dl (original cohort) 
LVH (ECG). If not done assume no LVH 

Outcome CHD death 
 

Prediction period  

Statistical methods Cox proportional hazards model 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Liao et al. 1999133 NHANES1 
Liao et al. 1999133 NHANES2 

Convergent validation  

Trials of health 
outcomes 
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Framingham-Liao 2002 
Derivation of 
prognostic model 

Diverse Populations Collaborative Group 2002134 

Location & date Framingham USA 
1971-1975 

Population 
characteristics 

Age 35-74 
N=4899 
46% male, nearly 100% white 
Prospective community cohort. Representative sample 
of Framingham, Massachusetts 
20 year follow up 

Inclusion, co-morbidity Survivors of Framingham cohort and the offspring of 
this cohort free from CVD 

Risk factors Age 
Systolic blood pressure 
Total cholesterol  
Smoking 
Diabetes 

Outcome CHD death 
 

Prediction period  

Statistical methods Multivariate proportional hazards model 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation See Table 9 

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

Framingham-Schauffler 1993 
Derivation of 
prognostic model 

Schauffler et al. 1993135 

Location & date Framingham, USA 
1982-1983 

Population 
characteristics 

Age 65+ (1.1.1984)  
Observational prospective community cohort 

Inclusion, co-morbidity Survivors of original Framingham cohort 

Risk factors Age 
Sex 
Systolic blood pressure 
Total cholesterol 
Smoking 
LVH 
Glucose intolerance 

Outcome CVD 

Prediction period 2 years 

Statistical methods Multiple logistic regression 

Practical  

Authors notes Used in economic analysis 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Framingham-Sytkowski 1997  
Derivation of 
prognostic model 

Sytkowski et al. 1997136 

Location & date Framingham, USA. 1960-1989 

Population 
characteristics 

Age 40-79  
Observational prospective community cohort 
 

Inclusion, co-morbidity Survivors of Framingham cohort and the offspring of 
this cohort  
Free from CVD 

Risk factors Separate risk functions for treated hypertensives and 
normotensive or untreated hypertensives 

Outcome Initial CHD 
Subsequent CHD 
MI 
CHF 

Prediction period  

Statistical methods  

Practical Risk functions (not shown) 

Authors notes Significant differences for the coefficients in the initial 
CHD and CHF functions for DBP, sex and smoking 
habit, and age, DBP and total cholesterol for 
subsequent CHD and MI. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 
 
 
 
 
 
 
 
 

 
Framingham-Thomsen 2002 
Derivation of 
prognostic model 

Thomsen et al. 2004137 

Location & date Framingham, USA 
1971- 

Population 
characteristics 

Age 49-74 
N=2562 
42% men, nearly 100% white 
Observational prospective community cohort (did not 
include Framingham Offspring Study) 
10 year follow up 

Inclusion, co-morbidity No previous MI 
Complete information 

Risk factors Sex 
Age 
Serum total cholesterol 
HDL cholesterol 
Systolic blood pressure 
Smoking habit (non/ current) 
Diabetes (random glucose >9mmol/L 

Outcome CHD death 

Prediction period 10 years 

Statistical methods Logistic regression model 

Practical Risk equation (not shown) 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Thomsen et al. 2002137  Glostrup Population Studies 

Convergent validation  

Trials of health 
outcomes 
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Framingham-Truett 1967 
Derivation of 
prognostic model 

Truett et al. 1967138 

Location & date Framingham, USA 

Population 
characteristics 

Age 30-62 
N=4856 
45% Male, nearly 100 % white 
Observational prospective community cohort 
12 year follow up 

Inclusion, co-morbidity Framingham cohort with all risk factor measurements 
available. 
No previous CVD 

Risk factors Age 
Sex 
Cholesterol 
Systolic blood pressure 
Relative weight 
Haemoglobin 
Smoking habit (non smoker and 3 classess of smoker) 
LVH (ECG) 

Outcome CHD (definite MI, coronary insufficiency, angina 
pectoris, death from CHD) 

Prediction period 12 years 

Statistical methods Multiple logistic function 
Internal validation predicting events subsequent to 12 
year study period 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Brand et al. 1976154 

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 

 

Framingham Walker 1967 
Derivation of 
prognostic model 

Walker and Duncan 1967139 

Location & date Framingham, USA 
1948-1952 

Population 
characteristics 

Age 28-62 
N=5209 
Observational prospective community cohort 
10 year follow up 

Inclusion, co-morbidity  

Risk factors Sex 
Age 
Height 
Systolic BP 
Diastolic BP 
Serum cholesterol 
ECG abnormalities 
Relative weight 
Alcohol consumption 
Cigarette smoking (3 groups) 

Outcome Coronary heart disease 

Prediction period 10 years 

Statistical methods Regression equation with coefficients estimated by 
recursive technique 

Practical Equation 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Gubbio 
Derivation of 
prognostic model 

Menotti et al. 2000140 

Location & date  

Population 
characteristics 

Age 35-74 
N= 2963 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

 

 

 

Hypertension Detection and Follow-up programme 
1992 
Derivation of prognostic 
model 

Tyroler et al. 1992141 

Location & date USA 
Hypertension Detection and Follow-up programme 
1974-1979 

Population 
characteristics 

RCT 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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INSIGHT 
Derivation of prognostic 
model 

Bastuji-Garin et al. 2002142 

Location & date Western Europe and Israel 
1994-1996 

Population 
characteristics 

Age 55-74 
N=4147 
45% Male 
Participants in INSIGHT randomised of nifedipine or co-
amiloride antihypertensive medication 
Follow up at least 3 years 

Inclusion, co-morbidity Hypertensive men and women without previous 
cardiovascular events. Also 1 or more risk factor: 
smoking; hypercholester-olaemia; diabetes mellitus; 
LVH; LV strain on ECG; family history of MI 

Risk factors Age 
Sex 
Cholesterol 
Systolic blood pressure 
Smoking habit 
Diabetes 

Outcome CVD 
CHD 
Stroke 

Prediction period  

Statistical methods Cox proportional hazards model 
(results of logistic model not reported) 

Practical Regression equation 

Authors notes Authors state that model had poor discriminative value 
at the individual level 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 

 
Leoncini 2002 
Derivation of prognostic 
model 

Leoncini et al. 2002143 

Location & date Genoa, Italy 

1996-1999 

Population 
characteristics 

N=346 
Mean age 47 (SD 9) 
100% Caucasian Europeans 
Previously untreated patients with primary hypertension 
No neoplastic, hepatic and/or renal disease, 
CHF(NYHA class III and IV), history or clinical signs of 
IHD, diabetes mellitus, severe disability or inability to 
cooperate. 

Inclusion, co-morbidity Primary hypertension 

Risk factors Age 
Sex 
Smoking habits 
History of CV disease 
BMI 
Hypertension severity 
Fasting serum cholesterol 
Urinary albumin excretion 
ECG  
Carotid ultrasound 

Outcome No prospective evaluation 
 

Prediction period  

Statistical methods Artificial-neural network-based approach 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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NHANES 1 and 2 1999 
Derivation of prognostic 
model 

Liao et al. 1999144 

Location & date USA 

1971-1980 

Population 
characteristics 

Age 30-74 
N= 18002 
41% Male      87% white 
Probability sample of the civilian non-institutionalised 
US population 
20 year (NHANES 1) or 15 year (NHANES 2) follow up 

Inclusion, co-morbidity No history of heart attack, complete risk factor data and 
follow up 

Risk factors Age 
Sex 
Systolic blood pressure 
Total serum cholesterol 
Smoking (current/non-current) 
Diabetes  

Outcome CHD death 

Prediction period 15 years 

Statistical methods Cox proportional hazards model 

Practical Separate equations for blacks, whites, men and women 

Authors notes Equation derived in white men overestimated 15-year 
CHD mortality in black men by about 60%. Ranking of 
risk was reasonably good in blacks and whites 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 

 

 

 

NHANES 1 
Derivation of prognostic 
model 

Liao et al. 1999133 

Location & date NHANES 1 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome CHD death 

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Liao et al. 1999133 

Convergent validation  

Trials of health 
outcomes 
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NHANES 2 
Derivation of prognostic 
model 

Liao et al. 1999133 

Location & date NHANES 2 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome CHD death   

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Liao et al. 1999133 

Convergent validation  

Trials of health 
outcomes 

 

 
 

 

 

 

 

 

 

 

 

 

NHEFS 1987 
Derivation of prognostic 
model 

Leaverton et al. 1987132 

Location & date  

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Leaverton et al. 1987132  Framingham 
Knuiman et al. 199730  Busselton 

Convergent validation  

Trials of health 
outcomes 
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North Sweden MONICA 
Derivation of prognostic 
model 

Persson et al. 2003145 

Location & date Northern Sweden 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Persson et al. 2003145  (WHO/ISH 1999, Framingham 
Anderson)  
Note that the validating population included follow up of 
the NSW MONICA derivation population 

Trials of health 
outcomes 

 

 

 

 

 

 

 

 

 

 

 

PROCAM Assmann 1990 
Derivation of 
prognostic model 

Assmann 1990146 

Location & date Munster, Germany   
1979-1985 

Population 
characteristics 

Age 40-65 
N=2,815 
100% male 
Male employees of companies and local government 
authorities 
4 year follow up 

Inclusion, co-morbidity No history of MI, stroke, ECG evidence of IHD, angina 
pectoris 

Risk factors Age 
Cholesterol 

HDL cholesterol 

Systolic blood pressure 

Smoking 

Diabetes 

Angina 

Family history of MI 
Outcome Myocardial infarction 

Prediction period 4 years 

Statistical methods Multiple logistic regression analysis 

Practical Equation (not shown) 

Authors notes Suggested primary prevention strategy 

Modifications, tools or 
guidelines 

 

External validation Assmann 1990146  Helsinki Heart Study  
 

Convergent validation  

Trials of health 
outcomes 
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PROCAM Assmann 1992 
Derivation of 
prognostic model 

Assmann & Schulte 1992147 

Location & date Munster, Germany 
1979-1985 

Population 
characteristics 

Age 40-64 
N=4,559 
100% men 
Observational prospective occupational cohort 
6 year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities. 
No history of MI, stroke 

Risk factors  

Outcome Atherosclerotic coronary artery disease 

Prediction period  

Statistical methods Multiple logistic function 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
 

 

 

 

 

 

 

 

PROCAM Assmann 1994 
Derivation of 
prognostic model 

Assmann & Schulte 1994148 

Location & date Munster Germany 1979-1985 

Population 
characteristics 

N=4559 
Age 40-64  
Observational prospective occupational cohort 
6 year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities 
No history of MI, stroke. Patients with angina pectoris 
included 

Risk factors Age 
Cholesterol 
HDL cholesterol 
Systolic blood pressure 
Smoking habit 
Diabetes/ hyperglycaemia 
MI family history 
Angina pectoris 

Outcome Atherosclerotic CHD (definite MI, fatal MI, sudden 
cardiac death) 

Prediction period 6 years 

Statistical methods Multiple logistic function 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Wierzbicki et al. 200027  (Framingham Anderson 1991, 
Dundee risk table 1991, Sheffield table updated 1996, 
Joint European 1994, Joint British 1998, New Zealand 
tables 1996, BRHS 1987, GREAT) 

Trials of health 
outcomes 
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PROCAM Assmann 1996 
Derivation of 
prognostic model 

Assmann et al. 1996150 

Location & date Munster Germany 1979-1985 

Population 
characteristics 

Age 40-65 
N=4,849 
100% male 
Observational prospective occupational cohort 
8 year follow up 

Inclusion, co-morbidity Male employees of 52 companies and local 
government authorities 
No history of MI or stroke 

Risk factors 
 
 
check 

Age 
HDL cholesterol 
LDL cholesterol 
Triglycerides 
Systolic blood pressure 
Smoking habit (yes/ no) 
Diabetes (yes/ no) 
Family history of myocardial infarction (yes/ no) 
Angina pectoris (yes/ no) 
Alternative version to include Lp(a) (N=2983) 

Outcome Major coronary event (sudden cardiac death, fatal/ non-
fatal MI) 

Prediction period 10 years 

Statistical methods Multiple logistic model 

Practical Risk function (not shown) 

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Dréau et al 200131 

Trials of health 
outcomes 

 

 

 

 

 

 

 

Santé Québec Heart Health Survey 
Derivation of prognostic 
model 

Ciampi et al. 2001151 

Location & date Quebéc, Canada 
1990 

Population 
characteristics 

Age 18-74 
N=2245 
49% men 
Representative sample (part of Canadian Heart Health 
Surveys) 

Inclusion, co-morbidity  

Risk factors Age 
Diabetes 
High blood pressure 
Smoking 
Total cholesterol  
Family history of CHD (several scales) 

Outcome CHD 

Prediction period  

Statistical methods Tree growing- RECursive Partition and Amalgamation 
(REPCAM) 
Logistic regression 

Practical REPCAM 
Equation  

Authors notes Not prospective study 
Inclusion of any family history variable improved CHD 
risk prediction 

Modifications, tools or 
guidelines 

 

External validation Ciampi et al. 2001151  Institut de Recherches Cliniques 
de Montréal lipid clinic 

Convergent validation  

Trials of health 
outcomes 
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Seven Countries Study 1996 
Derivation of prognostic 
model 

Menotti et al. 1996152 

Location & date Pooled Seven Countries Study: all countries 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes Also centre comparisons: USA; Finland; Netherlands; 
Italy; Croatia; Serbia; Greece; Japan. 

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Tecumseh 1976 
Derivation of 
prognostic model 

Katz et al. 1993122 

Location & date Tecumseh 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Katz et al. 1993122 

Convergent validation  

Trials of health 
outcomes 
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Tecumseh 1993 
Derivation of 
prognostic model 

Katz et al. 1993122 

Location & date Tecumseh 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation Katz et al. 1993122 

Convergent validation  

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
TEKHARF 
Derivation of 
prognostic model 

Onat 2002153 

Location & date Turkey 

Population 
characteristics 

 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 
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Western Collaborative Group 1991 
Derivation of 
prognostic model 

Carmelli et al. 1991155 

Location & date Western Collaborative Group Study 
California,USA 
1960-1961 

Population 
characteristics 

N=3154 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods Recursive partitioning 

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation  

Trials of health 
outcomes 

 

 
Western Collaborative Group 1976 
Derivation of prognostic 
model 

Brand et al. 1976154 

Location & date California, USA 

Population 
characteristics 

Western Collaborative Group 

Inclusion, co-morbidity  

Risk factors  

Outcome  

Prediction period  

Statistical methods  

Practical  

Authors notes  

Modifications, tools or 
guidelines 

 

External validation  

Convergent validation Dréau et al. 200131 

Trials of health 
outcomes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Appendix 4. Data extraction form: convergent validation of 
cardiovascular risk scores and derived methods 
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CV Validation study 
Reference Manager number Studies of convergent validation

Validation 
study ID 

Decision aids 
compared 
Modifications 

Validating 
population, 
location, date, 
description  

Population 
characteristics 
 

Inclusion  
Exclusion 
Co-morbidity 

Results 
 

Authors 
conclusions:.  
Reviewer notes 

 

Name of cohort 
 
 
 
 

Age Author      
Journal  
Date 
 
 

Location Number of people 
 
 

Inclusion 

Date of 
examination 
 

% male 

Methods for comparison 

% ethnic groups 
 
 
 
 

Exclusion 

Social class 
 
 

Co-morbidity 

Reviewer 

 

Population type 
Cohort 
RCT 
Community 
Work site 
Screening 

Other: employment 
etc 
 
 

 

Results 
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Appendix 5. Data extraction form: external validation of 
cardiovascular risk scores to evaluate the generalisability of risk 
scoring methods in different populations 

 
 

 EV   Validation study
Reference Manager number Decision aid

Reference Manager number Studies of external validation    
Validation  
study ID Validating 

population, 
location, date,  
description 
Follow up 

Population  
characteristics Inclusion 

Exclusion
Co-morbidity

Changes to methods.
Methods used for 
validation

Results
Attempt at recalibration Authors conclusions: 

applicability in studied 
population. 
Reviewer notes

Name of cohort Age Changes to methods: 
Risk factors
Outcomes
Annual risk

Location Number of  
people 

Inclusion

Calibration:
Predicted:observed ratio      
SD      CI
goodness of fit (p<)

Author      
Journal  
Date 
Secondary/  
associated  
publication  
details 

Date of baseline % male Exclusion Discrimination/ ability to rank:
AUROC       CI     c-statistic
Sensitivity, specificity, PPV, 
NPV, positive and negative 
LR at different thresholds of 
risk

% ethnic groups Agreement
Bland Altman plot

Social class Co-morbidity Relative risk in high/ low 
score

Reference  
Manager  
numbers 

Population type 
Cohort 
RCT 
Community
Prospective 
Work site 
screening 

% under/ over estimation (p 
value)
(all or specific groups)

Results

Length of  
follow up Reviewer 

Losses to follow up 

Other:  
employment etc Baseline 

comparison eg 
prevalence of 
smoking and 
diabetes, mean 
blood pressure 
etc.

Comparison with other cohort 
studies or standardised 
mortality ratios

Recalibration method 
Recalibration results 
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Appendix 6. Studies of external validation of risk-scoring methods (part complete) 

Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

De Henauw et 
al.236 

Charleroi and 
Ghent, Belgium 
 
1985-1992 
 
MONICA project 
centres: 
population based 
survey 
 
Comparison of 
predicted rates 
with separate 
incidence data.  
 
No prospective 
study 

Age 25-64 
N=3x2000 in 3 
different time 
periods 
Approximately 
50% men 
 

CHD Compared predicted risk with differences in CHD incidence in 
two regions, and changes in incidence in two regions over time. 
 
Predicted risk      Charleroi> Ghent by  5-21% 
CHD incidence    Charleroi> Ghent by  50% 
 
Predicted change in CHD incidence    Charleroi - no significant 
                                                                               trend 
                                                             Ghent      - no significant 
                                                                               trend 
 
Actual change in CHD incidence         Charleroi increase 
                                                             Ghent decrease 

Authors note low 
participation rates in 
surveys 

Kornitzer etal. 
200067 

Belgian Physical 
Fitness Study 
 
Three communes 
randomly chosen 
from all 42 
Belgian districts. 
Participants in an 
RCT 
 
1980-1984 
 
10 year follow up 

Age 40-55 
N=2186 
Men 
 
Free of clinical 
CHD 

CHD mortality 
 
Calibration: graphical 
representation of 
CHD mortality in 
quartiles of risk 

Calibration 
A steady increase in mortality from CHD across quartiles of risk. 
Relative risk of coronary death, highest versus lowest quartile, 14.2 
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Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Kornitzer et al. 
200067 

Belgian 
Interuniversity 
Research on 
Nutrition and 
Health  
 
Three communes 
randomly chosen 
from all 42 
Belgian districts. 
Participants in an 
RCT 
 
1980-1984 
 
10 year follow up 

Age 50-74 
N=1758 
Women  
 
Free of clinical 
CHD 
 

CHD mortality 
 
Calibration: graphical 
representation of 
CHD mortality in 
quartiles of risk 
 

Calibration 
A steady increase in mortality from CHD across quartiles of risk. 
Relative risk of coronary death, highest versus lowest quartile, 3.5 
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Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Brindle et al.244 Caerphilly and 
Speedwell 
Studies (two 
populations from 
Caerphilly, Wales 
and Speedwell, 
Bristol) 
Phase 1  
Baseline: 1979-
83 
10 years follow-
up. 
Phase 2 
Baseline: 1982-
88 
10 years follow-
up. 

Phase 1: 
Age 45-63 
N=3213 
100% men 
 
Individuals with 
any previous 
cardiovascular 
disease. 
 
Phase 2: 
Age 47-67 
N=2467 
100% men 

CVD mortality  
CHD mortality 
Myocardial infarction 
 
 
Calibration: predicted 
and observed 
 
Discrimination: Area 
under ROC 
 
Sensitivity, specificity, 
positive and negative 
likelihood ratios were 
calculated at different 
CHD risk thresholds 

  Phase 1   Phase 2 
Calibration 
  P:O   P:O 
CVD mortality:  0.80 (0.70 to 0.93) 1.16 (1.00 to 1.36) 
CHD mortality: 0.97 (0.83 to 1.15) 1.39 (1.18 to 1.71) 
MI:  1.24 (1.11 to 1.42) 1.37 (1.22 to 1.56) 
 
Discrimination 
  AUROC  AUROC 
CVD mortality:  0.70 (0.67 to 0.74) 0.71 (0.67 to 0.76) 
CHD mortality: 0.69 (0.65 to 0.74) 0.70 (0.65 to 0.75) 
MI:  0.66 (0.62 to 0.69) 0.68 (0.64 to 0.71) 

Abstract only.  
Additional data 
obtained from first 
author. 
 
Concluded that 
because the predicted 
risk increases relatively 
more than the observed 
risk from Phase 1 to 
Phase 2, the predicted 
versus observed ratio 
moves to over-
prediction (ie greater 
than 1) in Phase 2. 
 
The likelihood ratio of a 
negative test improves ( 
(ie is lower) in Phase 2, 
meaning that a patient 
who is predicted to be 
low risk according to a 
threshold can be better 
reassured than in 
Phase 1  
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Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Simon et al. 
1997254 

Renault Volvo 
Coeur Study 
 
France and 
Sweden 
 
1993 
 
Random selection 
of car-plant 
workers in France 
and Sweden 

Age 45-50 
N=approximately 
1800 (90% of 
2000 with data) 
100% men 
France 52% blue 
collar 
Sweden 39% 
blue collar 
 
No history of 
CHD 

CHD 

 
Comparison of 
Framingham risk in 
similar populations in 
2 countries with 
different CHD rates 

5 year Framingham risk of CHD was similar in French (3.6% SD 
2.72) and Swedish (3.88% SD 2.84) car-plant workers. However 
CHD mortality rate is 50% higher in Sweden than France. 

Despite the expected 
higher rate of CHD death 
in Sweden compared with 
France, the Framingham 
risk scores did not differ 
between cohorts. 
 
Expected numbers of MI 
cases in the age group 
studied was low. 

Hense et al. 
2003237 

Augsburg 
Germany 
 
1984/85 
1989/90  
 
WHO MONICA 
cross-sectional 
survey 
 
Follow up 10.5 
years 

Age 35-64 
N=5786 
49% men 
 
Free of IHD on 
ECG and angina 
pectoris 
 
Complete risk 
factor and follow 
up data 
 

MI and CHD 
equations combined 
 
Silent and 
unrecognised MI not 
evaluated. Sudden 
death inclusion 
different. 
Non-fasting blood 
Self-reported 
diabetes 
Smokers: at least 1 
cigarette/day 
 
Calibration: 
predicted:observed 
(P:O) 
 
Discrimination: area 
under ROC 
 
Miller 1991 approach 

Calibration  
              Non fatal MI plus fatal CHD 
P:O        35-44 years   45-54 years   55-64 years  
Men            2.2                2.1               1.9                       
Women       5.7                2.8               2.4                       
Graphical representation of observed and predicted risk 
revealed a consistent and marked excess of predicted risk with 
rising observed risk 
    
Discrimination 
Area under ROC  
Men         0.78 (95%CI  0.73-0.84) –146 events 
Women    0.88 (95%CI  0.80-0.96) –32 events 
 
Miller approach: negative intercept different from 0 (p<0.001). Beta 
coefficient not significantly different from 1. 

Population had middle 
to low coronary event 
incidence compared 
with other MONICA 
cohorts (low compared 
with other German 
cohorts) 
 
Predicted risk was 
about twice the 
absolute risk actually 
observed and a marked 
increment in risk 
difference with rising 
age. 
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Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Hense et al. 
2003237 

PROCAM 
 
Munster, 
Germany 
 
1979-1985 
 
Workers from 52 
companies and 
local government 
authorities 
 
Follow up 11.6 
years for men 
and 11.1 years 
for women 

Age 35-64 
N=8682 
64% male 
 
No previous MI or 
stroke 
 
Complete risk 
factor and follow 
up data 

MI and CHD 
combined 
 
Silent and 
unrecognised MI not 
evaluated. Sudden 
death inclusion 
different 
Fasting blood 
Single BP measure 
Diabetes 
questionnaire 
Smokers: at least 1 
cigarette/day 
 
Calibration: 
predicted:observed 
(P:O) 
 
Discrimination: area 
under ROC 
 
Miller 1991 approach 

Calibration  
              Non fatal MI plus fatal CHD 
P:O        35-44 years     45-54 years    55-64 years 
Men             2.5                 1.7                 1.6 
Women        2.8                 3.3                 2.8 
 
Discrimination 
Area under ROC  
Men         0.73   (95%CI  0.70-0.75) –307 events 
Women    0.77   (95%CI  0.69-0.85) –31 events 
 
Miller approach: negative intercept different from 0 (p<0.001). Beta 
coefficient not significantly different from 1. 

Population had middle to 
low coronary event 
incidence compared with 
other MONICA cohorts. 
 
Predicted risk was about 
twice the absolute risk 
actually observed and a 
marked increment in risk 
difference with rising age. 
 
 

Ferrario et al. 
200537 
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Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Menotti et al. 
2000238 

Joint European 
ESC, EAS, ESH 
coronary risk 
chart 1998 Based 
on Framingham 
Anderson 1991 
 
Seven Countries 
Study of 
Cardiovascular 
Diseases - Italian 
Rural Areas 
Study  
 
Crevalcore, 
Northern Italy. 
Montegiorgio, 
Central Italy. 
Prospective 
population study 
in 2 rural 
communities 
 
1960 
 
25 year follow up 

Age 40-59 
N=1656 
100% male 
 
Free of coronary 
heart disease. 
Complete data. 

CHD 
 
Casual blood 
samples. 
Cholesterol 
measured by 
Anderson and Keys 
method. 
 
Compared prediction 
with a function 
derived from the 
cohort. 

Framingham risk function based coronary risk chart overestimates absolute 
coronary risk in countries characterised by a lower incidence of coronary events. 

There is little 
information on external 
validation. 
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Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Furuya et al. 
2001263 

Kanagawa 
prefecture, Japan 
 
People attending 
health check up 
in area with 
higher IHD 
mortality rate than 
whole of Japan. 
 
1998 
 
2 year follow up 

N=1652 
31% 62468}male 

CHD 
Compared predicted 
risk with reports from 
Japanese cohort 
studies 

Predicted probabilities are higher than values reported from 
Japanese cohort studies.  

Framingham 
overestimates in Japanese 
population. 

Jee et al. 2003253 Korean Medical 
Insurance 
Corporation 
(KMIC) Study 
 
Republic of Korea 
 
1990-1992 
 
Insurance 
company medical 
examination 
 
8 years follow up 

Age 35-59 
N=183,675 
63% male 
 
Attended 2 health 
examinations 

CHD (Fatal and non-
fatal CHD) 
 
Comparison of P:O  

Framingham predicted risk underestimated observed risk in men aged <45 and 
overestimated at age >50. In women, the Framingham equation underestimated 
risk in all age groups 

 

P:O 

                  Men   Women 

35-39        0.7       0.4  

40-44        0.9       0.5 

45-49        1.0       0.7 

50-54        1.2       0.6 

55-59        1.4       0.7 

Results are presented per 
100 person-years 
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Studies of external validation: Framingham-Anderson48;49 
Validation 
study ID 

Validating 
population, 
location, date, 
description  
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Grover et al. 
2000265 

Canadian 
Working Group 
on Hyper-
cholesterolaemia 
and other 
Dislipidaemias 
1998/ 2000. 
Includes 
Framingham 
Anderson risk 
calculation 
 
North America 
 
10 clinics 
participating in 
Lipid Research 
Clinics 
prevalence and 
follow up studies 
 
1972-1976 
 
Average 12.2 
year follow up 

N=2218 
Age 40-70 (men) 
Age 50-70 
(women) 
 
Free of CVD. Not 
taking digitalis or 
anti-arrhythmic 
medication. Not 
pregnant. 
Complete data 

Death due to 
coronary artery 
disease (definite or 
suspected) 
 
Discrimination: area 
under ROC 

Discrimination 
AUROC  0.83 (SD 0.02) 
               0.83 men 
               0.82 women 

1998 Canadian lipid 
screening guidelines 
discriminated better in 
the LRC cohort than 
NCEP ATP, NCEP 
ATP2 and previous 
Canadian CCC 
guidelines.  This may 
be attributed to 
incorporation of HDL 
cholesterol into model 
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Kjeldsen et al. 
2000266 

Losartan 
Intervention for 
Endpoint 
reduction in 
hypertension 
study (LIFE)  
 
Scandinavia, UK 
and USA 
 
1995-1997 
 
RCT 
 
Follow up when 
479 events 
reported 

Age 55-80 
N=9,194 
46% men in 
study overall 
 
Essential 
hypertension and 
ECG-LVH 
 
No cardiac 
conditions or 
non-cardiac 
conditions that 
may limit survival 

MI, stroke or CV death Framingham risk score strongly stratified patients into risk 
categories 
 
Tertiles of Framingham risk       Observed event rate 
 
Low                                            2.8% 
Middle                                        4.7% 
Highest                                       8.1% 

The Framingham risk 
score was found to be 
useful for predicting 
cardiovascular 
complications in 
hypertensive patients with 
ECG-LVH recruited to an 
RCT. 
 
No other information on 
calibration and 
discrimination provided. 

Nijhuis et al. 
2002239 

Rotterdam Study 
 
Rotterdam, NL 
Representative 
population 
sample.  
 
1990-1993 
 
7 year follow up 

Age 55-69 
Age 69-80 
N=5431 
Approximately 
39% men 

CHD 
 
Discrimination: ROC 
analyses 

Discrimination 
Age 55-69 Area under ROC curve 0.708 
Age 69-80 Area under ROC curve 0.663 
 

Inclusion of family 
history of MI and ankle 
brachial pressure 
improved prediction. 
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Van der Meer 
et al 2003197 
Van der Meer 
et al. 2002240 

Rotterdam Study 
 
Rotterdam, 
Netherlands 
 
Nested case-
control study from 
population based 
cohort study 
 
1990-1993 
 
4-8 years 

Age 55+ (mean 
70) 
N=657 
61% men 
 
No history of MI 

Myocardial infarction 
 
Age >75 included 
 
Diabetes: medication  
or non-fasting 
glucose 200+mg/dl 
 
Discrimination: area 
under ROC; 
sensitivity and 
specificity 

Discrimination 
AUROC (SE)                                     0.746  (0.021) 
AUROC (SE)  in age <75 years        0.752  (0.025) 
Upper 20% of risk distribution 
Specificity  86.8 
Sensitivity  38.9 
 
Upper 10% of risk distribution 
Specificity  94.4% 
Sensitivity  20.4% 

Inclusion of CRP in 
Framingham risk function 
did not improve 
discrimination 
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Milne et al. 
2003248 
Milne et al 
2003249 

Fletcher-
Challenge – 
University of 
Auckland Heart 
and Health Study 
 
New Zealand.  
 
Worksite (72%) 
and electoral rolls 
(28%) 
 
1992-1993 
 
5 year follow up 

Age 35-74 
N=6354 
73% men 
 
No self-reported 
previous 
cardiovascular events 

Cardiovascular death 
or hospitalisation 
5 year probability 
HDL not measured in 
worksite group (72%) 
Values used for men 
1.1 women 1.4 
Non fasting 
Diabetes: doctor 
diagnosis or 
treatment 
Smoking: daily or quit 
<1year 
 
Calibration: 
predicted: observed 
 
Discrimination: 2x2 
contingency tables 
for true and false 
positives and 
negatives. Area 
under ROC. 
Sensitivity and 
specificity. 

Calibration 
Graphical representation shows reasonable agreement between 
observed and predicted CVD events in all but older women (70-
74 years) 
 
Discrimination 
8.1% of men and 5.4% of women predicted to be at high risk of 
CVD (>15% in 5 years) but this accounted for c25% of events. 
Low risk (<5% in 5 years) also accounted for c25%. 
 
                 AUROC     (95% CI) 
Men          0.74           (0.73,0.75) 
Women    0.77            (0.74,0.80) 
 
At 15% 5 year risk    Specificity 90% (men ) and 90% (women) 
                                 Sensitivity 20%  (men) and 27% (women) 
At <10% 5 year risk specificity becomes poor 
At >15% 5 year risk sensitivity is very poor 

59% of cohort were men 
aged under 55 
 
5-year cardiovascular 
mortality rate was low 
(4.7/1000)  
 
Only modest ability to 
predict which individuals 
will have an event 
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Brindle et al.242 Renfrew Paisley 
Study 
 
Scotland 
 
1972-1976 
 
General urban 
population  
 
10 year follow up 

Age 45-64 
N=12304 
46% men (overall 
in study) 
 
Complete risk 
factor information 
 
Non-manual 
occupational 
coding 
Manual 
occupational 
coding 

1. CVD death 
2. CHD death 
 
HDL not measured in 
the study 

Calibration 
                                           P:O (95% CI) 
                             CVD death                CHD death 
Manual                  0.52 (0.48,0.56)        0.56 (0.51,0.63) 
Non-manual          0.69 (0.60,0.81)        0.78 (0.66,0.92) 
 
Discrimination 
AUROC for CVD outcome only 
Manual           0.720 
Non-manual   0.744 

Under-estimation of risk 
was worse in people from 
manual social classes and 
in people from areas of 
high deprivation. Authors 
note that future 
assessment of risk should 
take into account socio-
economic position. 

WOSCOPS 
1998267 

WOSCOPS 
West Scotland 
 
1989-1995 
 
RCT of 
pravastatin lipid 
lowering 
medication 
 
4.4 year follow up 

Age 45-64 
N=1251 placebo 
N=1803 
pravastatin 
100% men 
 
Moderately 
hypercholesterol-
aemic. 
 
No history of 
vascular disease, 
MI or coronary 
event, 
angiography 
within 6 months 
of randomisation 
into trial, cancer. 
LDL >6.0 also 
excluded. 

CVD (fatal MI, other 
cardiovascular death, 
definite or suspected 
non-fatal MI, CABG 
or PTCA) 
 
Serum cholesterol 
was the mean of two 
measurements 

Calibration 

Placebo          P:O  1.09  p=0.58 (z-score test) 
Pravastatin     P:O  1.27  p=0.026 (z-score test) 
 
Graphical representation of observed risk at levels of predicted 
risk 
 
Framingham method predicted relative risk reduction of 24% 
associated with pravastatin. Observed relative risk reduction 
was 35% 

“Remarkable agreement 
between observed CHD 
event rate and predicted in 
placebo group” 
 
Graphical representation 
of observed risk at levels 
of predicted risk suggest 
predicted risk is much 
higher than observed risk 
at lower levels of risk in 
both pravastatin and 
placebo group. 
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Brindle et al. 
2003243 

British Regional 
Heart Study 
 
24 representative 
samples from UK 
towns.  
Selected to 
represent the 
range of CVD 
mortality in UK. 
Random selection 
from 1 general 
practice in each 
town 
 
1978-1980 
 
10 year follow up 

Age 40-59 
N=6643 
Men 
 
Free of CVD with 
complete risk 
factor information 

CHD death and fatal/ 
non fatal CHD 
equations  
Changes to methods: 
Diabetes-recall of 
doctor diagnosis 
LVH-Minnesota 
coded 
Cholesterol-
Lieberman-Buchard 
method 
HDL cholesterol-
mg/phosphotungstate 
precipitation 
No ECG 
No unrecognised MI 
group 
 
Calibration: 
predicted:observed 
(P:O) 
 
Discrimination: 
sensitivity and 
specificity at 2 levels 
of risk 
 

Calibration 
P:O                        CHD death    fatal/non fatal CHD 
All areas                    1.47                  1.57 
S.England                  1.65                  1.71 
Midlands & Wales      2.01                  1.71 
N.England                  1.27                  1.54 
Scotland                     1.50                  1.28 
 
47% over-prediction of CHD mortality risk (p<0.0001) was 
similar at all risk levels. The over-prediction of absolute risk was 
greatest for people at highest risk 
 
Discrimination 
30% fatal/ non-fatal CHD 10 year risk threshold:  
sensitivity 16%; specificity 94% 
15% fatal/ non-fatal CHD 10 year risk threshold: 
sensitivity 75%; specificity 55% 
Area under ROC curve 0.73 
 
Recalibration: calculated score for each individual divided by the 
amount of over prediction. Predicted risk became close to 
observed risk at all levels of risk. For CHD death and CHD 
events χ2 for goodness of fit decreased from 30.2 to 3.4 and 
155.3 to 24.6 respectively 
30% fatal/ non-fatal CHD 10 year risk threshold:  
sensitivity 1.8%; specificity 99.6% 
15 fatal/ non-fatal CHD 10 year risk threshold:  
sensitivity 37%; specificity 85% 

Reasonably consistent at 
ranking individual 
according to relative risk 
 
Framingham methods 
over-estimate coronary 
risk in representative 
British male population. 
This could be reduced 
by simple adjustment 
 
Use of 30% CHD 10 
year risk threshold fails 
to identify most men 
who go on to have a 
CHD event 
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Chambers et 
al. 2001245 

West London, UK 
 
Cross-sectional 
GP lists 
 
Not prospective 
 
1995-1998 

Age 35-60 
N=1025 
100% men 
49% white 
European 
51% Indian Asian 

CHD Compared estimates of risk with reported CHD mortality rates. 
Framingham risk score underestimated CHD mortality by 
approximately 50% in Indian Asians. Reasonable estimate of 
CHD mortality rate in European whites. 

 

Guzder et al. 
2002255 

Poole Diabetes 
Centre 
 
Poole, UK 
 
Community 
based cohort of 
newly diagnosed 
diabetics 
 
1996-1998 
 
Median follow up 
4.2 years (SD 
0.62) 

Mean age 59 (SD 
0.5) 
N=428 
57% men 
 
Newly diagnosed 
diabetics 

CVD 
 
Calibration 
P:O 

Calibration 

P:O=0.67 
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McEwan et al. 
2004256 

Cardiff Diabetes 
Database 
 
Cardiff, UK. 
Diabetes register. 
Population study 
demographic 
characteristics 
are believed to 
reflect those of 
UK diabetics. 
 
1996 
 
4 year follow up 

Age 30-74 
N=938 
58% men 
 
Type 1 or 2 
diabetic patients 
with full data-set 

CHD 
 
Calibration: mean 10-
year predicted 
probability.  
 
Discrimination: 
graphical 
representation of 
proportion of cases 
developing/ not 
developing at 
different levels of risk. 
Specificity and 
sensitivity. AUROC 
 
Recalibration: quasi-
Newton optimisation 
algorithm 

Calibration 
There was considerable overlap in the predicted probabilities 
between those who subsequently did and did not develop CHD 
 
Discrimination 
Discriminatory power poor when applied to this population 
Mean 10 year predicted probability of CHD (SD) 
                      CHD                  No CHD 
Men                0.27 (0.10)        0.23 (0.10) 
Women          0.23 (0.09)         0.19 (0.09) 
 
                 AUROC      
Men          0.64  
Women     0.66 
 
Recalibration 
Only minor improvements using coefficients derived from Cardiff 
diabetes database (AUROC men 0.65, women 0.68) 

Discriminatory power of 
Framingham risk 
equation poor in this 
patient population 
 
Use of imputed HDL 
cholesterol proved 
unreliable.  
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Ramachandran 
et al. 2000247 

Whickham 
NE England, UK 
 
Prospective heart 
disease study 
 
1972-1974 
 
20 year follow up 

Age 30-75 
N=1700 
44% male 
100% white 
 
 
Free from heart 
disease. Ex-
smokers 
excluded 

CHD 
 
20 year follow up 
 
HDL not measured. 
Values of 1.15mmol/l 
used fro men, 
1.4mmol/l for women 
 
Calibration: graphical 
representation of 
predicted and 
observed risk by risk 
below or above 1.5%/ 
year 
Mean 20 year risk in 
people developing 
heart disease with 
those not. 
 
Discrimination: 
consideration of 
confidence intervals 

Calibration  
P:O good agreement at a predicted event rate >1.5%/ year – no 
significant difference between observed and expected CHD 
event rates (p=0.85). At lower event rates the predictive model 
significantly underestimates the number of observed events 
(p<0.01) 
 
                                        Heart disease           No heart disease 
Mean 20 year risk (CI)     30.5% (29.2,31.8)    20.5% (19.7,21.4) 
 
Discrimination 
Wide confidence intervals in predicted: observed graph indicate 
that there is significant overlap between risk scores in those 
participants who developed heart disease and those who did not 

Framingham model 
reliably predicts the 
absolute risk of heart 
disease in white men and 
women in the UK when 
the annual risk is above 
1.5%. The Framingham 
model underestimates the 
risk when the absolute 
risk is lower. 
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Orford et al. 
2002262 

Normative Aging 
Study 
 
Boston, USA. 
Community 
screening-
volunteers 
 
1961 
 
10 year follow up 

Age 30-74 
N=1393 
Men 
c 98% white 
 
Normo-tensive 
with no known 
chronic medical 
conditions. No 
diabetes 

CHD 
 
Calibration: predicted 
and observed 
 
Discrimination: Area 
under ROC 

Calibration 
European model overestimated incidence of total CHD in high-
risk group (expected 20-40%, observed 20%) 
 
Discrimination 
AUROC c-statistic 0.58 (5 risk categories) 

Accuracy of absolute 
risk prediction, 
particularly at the 
extremes of risk, is 
imperfect. 
 
In an analysis of the 
same cohort but  with 
2280 men published in 
abstract form (Orford et 
al. 2000261) the authors 
note that the ESC 
model overestimated 
the incidence of CHD in 
the high risk group 

Bastuji-Garin et 
al. 2002142 
Bastuji Garin et 
al. 2001268 

Western Europe 
and Israel 
 
INSIGHT RCT 
participants 
randomised to 
nifedipine or co-
amiloride 
 
1994-1996  
 
Follow up at least 
3 years 

Age 55-74  
N=4147 
c45% male  
 
Hypertensive 
men and women 
without previous 
cardiovascular 
events. Also 1 or 
more risk factor: 
smoking, 
hypercholester-
olaemia, diabetes 
mellitus, LVH, LV 
strain on ECG, 
family history of 
MI 

CVD 
CHD 
Stroke 
 
3.7 years prediction 
LVH set to absent 
 
Calibration: 
predicted: observed 
 
Discrimination: area 
under ROC 

Calibration 
P:O in 6 countries/ regions (range) 
CVD     2.6 (2.0-4.0) 
CHD     2.3 (2.0-7.0) 
Stroke  1.0 (0.3-2.0) 
 
Discrimination 
CHD AUROC      0.66 (0.2) 

Framingham CHD 
Anderson 1991 equation 
over-estimated CVD and 
CHD risk but not stroke 
risk. Large differences 
between countries, greater 
over-estimation in 
countries with low 
incidence. Precludes use 
of a single European 
threshold to define 
patients at high risk. 
However “models may be 
used within each country, 
provided that cut-off 
points defining high risk 
patients have been 
determined within each 
country 
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Simons et al. 
200339 

Dubbo, New 
South Wales, 
Australia 
 
Observational 
prospective 
community cohort 
 
1988 
 
10 year follow up 

Age 60-79 
N=1800 
42% Men  
 
Free of CVD and 
diabetes  
 

CVD (MI, coronary 
death, stroke) 
 
Calibration: 
predicted: observed 

Calibration 
P:O                                  Men            Women  
60–64 years                     1.16             0.94  
65–69 years                     1.21             1.18 
70–74 years                     0.98             0.96 
75–79 years                     0.95             1.25 
All ages                            1.10              1.08 
χ2 tests showed no significant differences between  
observed and predicted rates for each age group. 
 
Discrimination 
Goodness of fit was good (chi square at 5 years 107, p<0.001, 
and at 10 years 167, p<0.001)) 

Authors also looked at 
older people and noted 
that the Framingham 
risk function offered no 
prediction in those aged 
greater than 79 years 

Quirke et al. 
2003246 

England 
 
Health Surveys 
for England 
(HSE) 
 
1998 & 1999 

35-74 years 
N=8406 
48% men 
 
Free of CHD with 
complete data. 

CHD 
Compared 
standardised mean 
risk calculated by 
Framingham Wilson 
1998 with 
standardised 
mortality ratios 
published elsewhere 

In men the ranking of ethnic group by calculated CHD risk is 
similar to ranking by standardised mortality ratio. Compares less 
well in women.  Authors suggest that data shows overestimation 
in low mortality groups and underestimation in high mortality 
groups. 
The magnitude of difference in risk between the ethnic groups is 
smaller than might be expected from SMRs 

The authors acknowledge 
that prospective validation 
should be performed. 
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Empana et al. 
2003250 
Empana et al. 
2002278 

PRIME  
(Prospective 
Epidemiological 
Study of 
Myocardial 
Infarction) 
 
France 
(Toulouse, 
Strasbourg, Lille) 
 
Cohort recruited 
to broadly match 
the social class 
structure of the 
background 
population. 
Workers in 
industry or 
various 
employment 
groups, primary 
care and 
volunteers in 
health screening 
 
1991-1993 
 
5 year follow up 

Age 50-59 years 
 
N=7,359  
Men 
 
Free of CHD 
(including ECG 
evidence) 

CHD (coronary 
death, MI, angina 
pectoris) 
 
Modified to give 5 
year risk 
Diabetes: current oral 
hypoglycaemic or 
insulin 
Cholesterol and HDL 
cholesterol measured 
by enzymatic 
methods 
 
Calibration: 
Predicted:observed 
(P:O) 
 
Discrimination: 
AUROC c-statistic 
 

Calibration 
P:O          2.35 
Graded increase of CHD incidence across deciles of 
Framingham estimated risk 
 
Discrimination 
c-statistic 0.68 
 
 

General applicability for 
ordering individuals 
according to their 
absolute CHD risk. Clear 
overestimation of risk.  
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Empana et al. 
2003250 
Empana et al. 
2002278 

PRIME  
(Prospective 
Epidemiological 
Study of 
Myocardial 
Infarction) 
 
Belfast, Northern 
Ireland 
 
Cohort recruited 
to broadly match 
the social class 
structure of the 
background 
population. 
Workers in 
industry or 
various 
employment 
groups, primary 
care and 
volunteers in 
health screening 
 
1991-1993 
 
5 year follow up 

Age 50-59 years 
 
N=2,399  
Men 
 
Free of CHD 
(including ECG 
evidence) 

CHD (coronary 
death, MI, angina 
pectoris) 
 
Modified to give 5 
year risk 
Diabetes: current oral 
hypoglycaemic or 
insulin 
Cholesterol and HDL 
cholesterol measured 
by enzymatic 
methods 
 
Calibration: 
Predicted:observed 
(P:O) 
 
Discrimination: 
AUROC c-statistic 
 

Calibration 
P:O          1.34 
Graded increase of CHD incidence across deciles of 
Framingham estimated risk 
 
Discrimination 
c-statistic 0.66 
 

General applicability for 
ordering individuals 
according to their 
absolute CHD risk. Clear 
overestimation of risk.  
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Assmann et al. 
200295 
 

(NCEP ATPIII) 
 
PROCAM, 
Munster, 
Germany 
 
1979-1985 
 
PROCAM study 
Workers from 52 
companies and 
local government 
authorities 
 
Follow up 10 
years 

Age 35-65 
N=5389 
100% men 
 
Free of IHD. No 
history of MI, 
stroke or angina 
pectoris. 

Major coronary event: 
sudden cardiac death 
or definite fatal or 
non-fatal MI 
(enzymes, ECG) 

Calibration 
NCEP ATPIII systematically overestimated risk. Hosmer-
Lemeshow chi square statistic was 43.8 (p<0.001) 
 
Discrimination 
Area under ROC 0.778 
 

Discrimination poorer 
than that for PROCAM 
function and point score 
derived within the 
PROCAM cohort. 
Authors acknowledge 
that validation is 
required in another data 
set. 
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Schulz et al. 
2003257 

Germany 
 
Patients who had 
undergone 
coronary 
angiography for 
diagnostic 
reasons. 
 
1992 
 
10-year follow up 

Mean age 53 
years 
N=42 
100% men 
 
Without clinically 
diagnosed 
coronary artery 
disease. Normal 
coronary arteries 
or coronary 
vessels with 
minimum 
arteriosclerosis at 
angiography.  
Participants had 
varying degrees 
of subclinical 
coronary 
arteriosclerosis.  

Fatal and non-fatal MI 
 
 

Calibration 
Predicted: observed      0.6 
 
Discrimination 
Patients were divided into 3 groups of predicted risk and the 
actual risk reported 
Predicted         Observed 
<0.5%                 0 
5-20%                 23.8% 
>20%                  38.5% 

Results are for 42 men 
of 54 studied with 
complete follow up 
information 

Protopsaltis et 
al. 2004113 

Greece 
 
Diabetic 
outpatient 
database 
 
10 year  

N=339 
47% men 
 
Patients with 
follow up data 
 
Diabetics 

Coronary artery 
disease 
 
Area under ROC 
 
Sensitivity 
Specificity 

Discrimination 
Area under ROC 0.65 (p<0.01) 
 
Sensitivity 55% 
Specificity 65% 

Framingham Wilson 
1998 model seems to 
be more appropriate for 
the prediction of CAD 
risk in diabetic patients 
than UKPDS 
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Suka et al. 
2001269 

Japan 
 
Worksite health 
examination. 
CHD incidence 
rate similar to 
other Japanese 
cohorts 
 
1991-1993 
 
5-7 years follow 
up 

30-59 years 
5,611 
100% male 
100% Japanese 
 
No history or 
ECG evidence of 
CHD or stroke. 
Complete 
baseline 
measures 

Non-fatal CHD 
 
Smoking: regular 
smoker over last 5 
years 
 
Calibration: 
distribution and 
means of 
Framingham points 
scores 
 
Discrimination: area 
under ROC 

Calibration 
Distribution of point scores in CHD cases appeared to be shifted 
towards higher point scores. Mean (SD) of Framingham points 
scores was 5.8 (2.7) for cases and 3.7 (2.7) for people free of 
CHD (p<0.001). 
 
Discrimination 
AUROC 0.71 

Only non-fatal CHD 
considered 
 
Framingham point 
scoring provided a 
reasonable rank order 
of CHD risk. Risk score 
could identify high risk 
individuals with 
considerable accuracy. 
Updated Framingham 
risk score might be 
useful in risk 
assessment in 
Japanese men. 

Becker et al. 
2001258 

John Hopkins 
Sibling Study 
 
USA 
 
1983 onwards 
 
Families with 
known premature 
CHD 
 
Mean 8.3 years 
follow up 

Age 30-59  
N=736 
52% male 
15% black 
 
Siblings of 
hospitalised 
cases with 
documented 
CHD <60 years 
of age 

CHD 
 
Calibration: predicted 
and observed 

Calibration 
Predicted: observed      0.67 

Markedly higher 
incidence of CHD 
events in people with a 
family history of CHD 
than would be predicted 
from the Framingham 
risk equation 
 
From the same cohort 
as Blumenthal et al. 
2003259 
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Blumenthal et 
al. 2003259 

USA 
 
Siblings of 
patients with 
documented CAD 
age <60 years 
 
10 year follow-up 

Mean age 46 (SD 
7) 
N=256 
64% men 
97% white 
No diabetes 
 
Siblings of 
patients with 
documented CAD 
age <60 years 

Total CHD 
Hard CHD 
 

Calibration 
            Framingham hard CHD          Framingham total CHD 
P:O              0.71                                              0.43 

Patients with a family 
history of  premature 
CAD may be 
considered sufficiently 
high risk to bypass risk 
stratification. 
 
From the same cohort 
as Becker DM, 
Circulation 2001 258 

Ferrucci et al. 
2001200 

(American Heart 
Association 
Multiple Risk 
Factor 
Assessment 
Equation) 
 
Systolic 
Hypertension in 
the Elderly 
Program, USA 
 
RCT of treatment 
of isolated 
systolic 
hypertension in 
community 
dwelling persons 
 
1985-1988 
 
Follow up 4.5 
years 

Age 60+ 
N=4189 
42% male 
 
No previous CHD 
or stroke 
 
Isolated systolic 
hypertension 
(SBP 160-
219mm Hg, DBP 
<90mm Hg 

4 outcomes: major 
cardiovascular event 
including stroke, MI 
or heart failure; MI; 
stroke; CHF 
 
1 point added to 
score for age ≥75 
years 
 
 
 

Calibration 
 
 
Discrimination 
 
 

The authors also report 
comparisons with 
persons with prevalent 
baseline CVD. 
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Greenland et 
al. 2004260 

South Bay Heart 
Watch 
 
Los Angeles 
USA, population-
based screening 
 
1990-1992 
 
Follow up median 
7 years 

Age >45, mean 
62 years  
N=1029 
90% men 
 
At least one 
abnormal risk 
factor. >10% 
estimated 8-year 
risk of developing 
CHD according to 
Anderson 1991. 
No history of MI, 
angina, ECG 
evidence of MI. 
No diabetes. 
Complete data. 

CHD (non-fatal MI 
and CHD death) 
 
Discrimination: Area 
under ROC 

Discrimination 
AUROC (SD)     0.63 (0.03) 
The risk of CHD in the group with predicted risk >20% was 14.3 
times that in those with a predicted risk <10% 
 
Also, Framingham NCEP ATPIII risk score plus: 
Coronary artery calcium                    AUROC 0.68 (0.03) 
CRP                                                  AUROC 0.64 
 
 
 

Population was 
moderately diverse 
from the perspective of 
overall risk. 
 
“intermediate to high 
risk cohort” 
 
Support a selective 
strategy that might use 
CACS when 
Framingham risk score 
is predicted to be in the 
range of 10-19% in 10 
years. No evidence for 
value if risk <10% or 
20%+. 

Greenland et 
al. 2004127 

Chicago Heart 
Association 
Detection Project in 
Industry 
 
Chicago, USA  
 
1967-1973 
 
Worksite cohort 
 
30 year follow up 

Age 18-39 
N=5245 
100% men 
 

CHD death Framingham score predicted CHD death in young men (18-39) as well 
as a score derived in the Chicago Heart Association Detection Project 
in Industry. 
 
 

Framingham model has 
value in prediction of long 
term risk in younger men 
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Orford et al. 
2002262 
Orford et al. 
2000261 

Normative Aging 
Study 
 
Boston, USA. 
Community 
screening-  
volunteers 
 
1961 
 
10 year follow up 

Age 30-74 
N=1393 
Men 
c 98% white 
 
Normo-tensive 
with no known 
chronic medical 
conditions. No 
diabetes 

CHD 
 
Calibration: predicted 
and observed 
 
Discrimination: Area 
under ROC 

Calibration 
P/O 1.08 
Framingham Model underestimated incidence of total CHD in 
low risk group (expected 0-5%, observed 6%) and 
overestimated in the very high risk group (expected >40%, 
observed 22%)  
Discrimination 
AUROC c-statistic 0.60 (5 risk categories) 

Accuracy of absolute 
risk prediction, 
particularly at the 
extremes of risk, is 
imperfect 
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D’Agostino et 
al. 2001129 

Atherosclerosis 
Risk in 
Communities 
study (ARIC) 
 
USA 
 
Random 
population 
samples in 4 
communities 
 
1987-1988 

Age 44-66 
N=14,178 
43% male 
36% black 
 
 

CHD 
Area under ROC 
curve c statistic for 
Framingham function 
and Cox regression 
function derived in 
ARIC 

Calibration 
Graph shows predicted similar to observed event rates in white 
and black men and women (chi square statistic white men 13.8, 
black men 6.2, white women 5.3, black women 5.0) 
 
Discrimination 
                                                      AUROC c statistic   
                                                 Men                        Women 
                                        Whites     Blacks          Whites    Blacks 
Framingham                      0.75        0.67              0.83         0.79 
ARIC                                  0.76        0.70              0.84         0.85 

 

D’Agostino et 
al. 2001129 

Physicians’ 
Health Study 
 
USA 
 
Prospective case 
control study 
 
1982 

Age 40-74 
N=901 
100% male 
100% white 

CHD 
Area under ROC 
curve c statistic for 
Framingham function 
and Cox regression 
function derived in 
Physicians’ Health 
Study 

Discrimination 
                                                       AUROC c statistic   
Framingham                                             0.63 
Physicians’ Health Study                          0.64 

Calibration not possible 
in this case-control 
study 
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D’Agostino et 
al. 2001129 

Honolulu Heart 
Program 
 
Hawaii 
 
American men of 
Japanese 
ancestry born in 
1900-1919 and 
living on the 
island of Oahu  
 
1980-1982 

Age 51-81 
N=2755 
100% men 
100% Japanese 
American 

CHD 
Area under ROC 
curve c statistic for 
Framingham function 
and Cox regression 
function derived in 
Honolulu Heart 
Program 

Calibration 
Graph shows over-prediction at al levels of risk (chi square 66.0) 
 
Discrimination 
                                                  AUROC c statistic   
Framingham                                            0.72 
Honolulu Heart Program                         0.74 
 
Recalibration 
Recalibration with mean values of risk factors from Honolulu 
Heart Program improved predicted: observed (chi square 12.0) 
but over-prediction still evident at high levels of risk 

Population known to 
have low incidence of 
CHD and higher 
incidence of stroke 

D’Agostino et 
al. 2001129 

Puerto Rico Heart 
Health Program 
 
Puerto Rico 
 
Urban and rural 
populations 
 
1965-1968 

Age 35-74 
N=8713 
100% men 
100% Hispanic 

CHD 
Area under ROC 
curve c statistic for 
Framingham function 
and Cox regression 
function derived in 
Puerto Rico Heart 
Health Program 

Calibration 
Graph shows over-prediction at al levels of risk (chi square 
142.0) 
 
Discrimination 
                                                  AUROC c statistic   
Framingham                                            0.69 
Puerto Rico Heart Health Program         0.72 
 
Recalibration 
Recalibration with mean values of risk factors from Honolulu 
Heart Program improved predicted: observed (chi square 10.0) 
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D’Agostino et 
al. 2001129 

Strong Heart 
Study 
 
USA 
 
13 American 
Indian tribes and 
communities in 
three geographic 
areas 
 
1989-1991 

Age 45-75 
N=3782 
40% male 
100% Native 
American 

CHD 
Area under ROC curve c 
statistic for Framingham 
function and Cox 
regression function derived 
in Strong Heart Study 

Calibration 
Graph shows good prediction in Native American men (chi 
square 10.6) but over-prediction at all levels of risk in Native 
American women (chi square 22.7) 
 
Discrimination 
                                                      AUROC c statistic   
                                                       Men          Women 
Framingham                                    0.69            0.75 
Strong Heart Study                          0.77            0.86 
 
Recalibration 
Recalibration with mean values of risk factors from Strong Heart 
Study improved predicted: observed in women (chi square 9.8) 
and marginally in men (chi square 10.0) 

 

D’Agostino et 
al. 2001129 

Cardiovascular 
Health Study 
 
USA 
 
4 US 
communities 
 
1989-1990 

Age 65-74 
N=2557 
37% male 
100% white 

CHD 
Area under ROC 
curve c statistic for 
Framingham function 
and Cox regression 
function derived in 
Cardiovascular 
Health Study 

Calibration  
Reasonable agreement between predicted and observed (chi 
square 10. in men and 10.4 in women) 
 
Discrimination 
                                                      AUROC c statistic   
                                                       Men          Women 
Framingham                                    0.63             0.66 
Cardiovascular Health Study           0.69             0.68 
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Liu et al. 
2004128 

Chinese Multi-
provincial Cohort 
Study 
 
11 provinces and 
Beijing 
 
1992-1993 
1996-1999 
 
3-11 year  
follow up 

Age 35-64 
N=30,121 
53% male 
100% Chinese 
 
Sino-MONICA 
cohort 
 
No clinical history 
of MI or angina 
 
80.3% urban 
34% workers 
13% peasants 
44% intellectuals 
9% housewives, 
salesmen etc. 

CHD 
 
NCEP ATPII 
thresholds for total 
cholesterol and HDL 
cholesterol. 
Total cholesterol by 
enzymatic method 
Current smokers 
Diabetes 140mg/dL+ 
or clinical diagnosis 
 
Calibration: Hosmer-
Lemeshow chi 
square 
 
Discrimination: 
AUROC 

Calibration 
Hosmer-Leneshow chi squared: men         645.9 (p<0.001) 
                                                    women    147.6 (p<0.001) 
Large differences between predicted and observed. In the 10th 
decile of predicted risk in men, the predicted rate was 20% and 
the actual rate was 3%. 
 
Discrimination 
AUROC  (95%CI) 
Men          0.705 (0.665-0.746) 
Women     0.742 (0.686-0.798) 
 
Recalibration 
Using beta coefficient from Framingham and mean values of risk 
factors and mean incidence rates from the Chinese Multi-
provincial Cohort Study cohort, calibration was improved 
substantially but did not improve discriminatory ability. 

More male smokers, 
less female smokers, 
less hypertension and 
hypercholesterolemia 
than in Framingham 
cohort  
 
Addition of BMI and 
physical activity made 
little improvement to 
model 

Marrugat et al. 
2003101 

Gerona, Spain 
 
Random 
population 
sample 
 
Not prospective: 
comparison of 
predicted within 
this cohort and 
number of cases 
in population 
registry 

Age 35-74 
 
Cardiovascular 
disease free 

CHD (Hard: coronary 
death or non-fatal MI) 
Diabetes: diagnosed, 
following a diabetic 
diet, taking oral agents 
or insulin, fasting 
glucose >139 mg/dl. 
Smoking habit:  1 
cigarette per day. 
Hypertensive if taking 
anti-hypertensive 
therapy or blood 
pressure 140/90 
mmHg.  

Calibration 
Comparison of predicted with regional annual incidence 
Men          P:O   2.68 
Women     P:O   2.05 
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Aktas et al. 
2004109 

Cleveland Clinic 
Foundation 
 
Self referrals to a 
physical 
examination 
 
1990-2002 
 
Mean follow up 8 
years 

Age 50-75 
N=3554 
81% men 
 
Asymptomatic. 
No known heart 
disease, PVD, 
stroke or 
symptomatic 
cerebral 
ischaemia, 
symptoms 
suggestive of 
cardiac disease, 
left bundle 
branch block, 
digoxin use, pre-
excitation 
syndrome, LVH, 
>1mm resting ST 
segment 
depression, or 
concurrent 
imaging studies. 

Death from all causes Calibration 
Score was not predictive of death: for 1% predicted increase in 
absolute risk of hard CHD events the RR of death was 1.07 
(95% CI  0.92,1.23 p=0.36) 
 
Discrimination 
Area under ROC curve  0.57 

Authors studied all 
causes of death as the 
end point only 
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Calibration 
 
 Total 

Pred  
Pred Total 

Obs 
Obs Year

s  
Obs 
rate 

Pred: 
obs 

Gemfi
b-rozil 

2030 
76 2030 84 5 8.28 0.905

Contr
ol 2051 67 2051 56 5 5.46 1.196

Assmann 
1990146 

Helsinki Heart 
Study 
 
RCT of anti-
hypertensive 
therapy 
(gemfibrozil) 
 
Follow up 5 years 

Age 40-55 
N=2051 
gemfibrozil 
N=2030 control 
 
100% men 
 
Assymptomatic 
Primary 
dyslipidaemia 
(non-HDL 
cholesterol > 
5.2mmol/L) 

CHD 
 
Calibration: predicted: 
observed 

 

Framingham study 
model underestimated 
events in control group 
and overestimated in 
gemfibrozil group. 
Authors note that 
equation did not include 
HDL cholesterol 
Numbers and P:O ratio 
based on Frick et al. 
1987307 

Grover 1992264      

Schulte et al. 
1991251 

Munster, 
Germany 
 
1979-1985 
 
PROCAM study 
Workers from 52 
companies and 
local government 
authorities 
 
Follow up 4 years 

Age 40-65 
N=2,623 
100% men 
 
Free of MI, 
coronary 
insufficiency, 
angina pectoris 
intermittent 
claudication, 
CVA, rheumatic 
heart disease 
and CHF. 

CHD (Fatal and non-
fatal CHD. No ECG 
measure of silent MI) 
 
Calibration 
P:O 
Goodness of fit 

Calibration 
P:O  1.11 CHD 
P:O  1.16 MI 
P:O  1.00 CHD death 
Goodness of fit statistics suggest that Framingham Abbott 
logistic functions are able to predict events in PROCAM 
population 

Silent MI not identified 
in PROCAM. This may 
explain the lower 
number of observed 
events. 

Grover 1995213      



 

 320 

 
Studies of external validation: Framingham-Liao 1999133 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Liao et al. 
1999133 

NHANES I 
 
Probability 
sample of USA 
population 
 
1971-1975 
 
20 year follow up 

Age 35-69 
N=6611 
42% male 
100% white 
 
No history of 
heart attack. 
Complete data 

CHD death 
 
Calibration: predicted 
and observed 
survival curves. 
Hosmer-Lemeshow 
goodness of fit test 
 
Discrimination: Area 
under ROC 

Calibration 
Framingham over-predicted CHD mortality rates in men. At 15 
years P:O was 1.12 
 
Discrimination 
                      AUROC 
Men               0.71 
Women          0.80 

 

Liao et al. 
1999133 

NHANES II 
 
Probability 
sample of USA 
population 
 
1976-1980 
 
15 year follow up 

Age 35-69 
N=5705 
47% male 
100% white 
 
No history of 
heart attack. 
Complete data 

CHD death 
 
Cholesterol: 
Liebermann-Burchard 
 
Discrimination: Area 
under ROC 
 

Calibration 
Framingham over-predicted CHD mortality rates in men. At 15 
years P:O was 1.54 
 
Discrimination 
                      AUROC 
Men               0.74 
Women          0.76 
Considerable overlap exists in the predicted probability between 
future cases and noncases 
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Brand et al. 
1976154 

Western 
Collaborative 
Group (WCGS) 
 
California, USA 
Worksite – 
employees of 10 
companies in 
California 
 
1960-1961 
 
8.5 year follow up 

Age 39-59 
N=3154 
100% male 
 
Initially well 

CHD 
Cholesterol 
measured by Abell-
Kendall method 
Haematocrit 
calculated or mean 
value used 
 
Calibration: 
predicted: observed 

Calibration 
                               P:O 
Age 39-49              0.97 
Age 50-59              0.91 
 
The observed number of CHD events in the WCGS is not 
significantly different from the expected number of events 
derived from the Framingham Study logistic equation, after 
correction for length of follow up. 
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Schroll et al. 
198168 

Glostrup 
Population 
Studies 
 
Glostrup, 
Denmark 
Birth cohort. Area 
representative of 
Denmark as a 
whole with 
respect to age, 
sex and socio-
economic 
distributions. 
 
1964 
 
10 year follow up 

Age 50 
N=796 
54% male 
 
No 
cardiovascular 
disease 

Cardiovascular 
disease 
MI 

Overestimation of MI incidence in Glastrup population by the Framingham 
method. 
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Knuiman et al. 
199730 

Busselton Study 
 
Busselton,  
Western Australia 
 
Health survey 
based on 
electoral roll 
 
1966-1981 
 
10 year follow up 

Age 40-74 
N=3891 
Male 49% 
 
 

CHD death 
 
Calibration: 
predicted: observed 
in quintiles of risk 
score over 10 years 
 
 

Calibration 
After removing effect of age the number of deaths increases by 
a factor of about 2.5 from the lowest to highest risk quintile 
 
Discrimination 
There was considerable overlap across risk scores in the 
identification of individuals at high risk 

 

Leaverton et al. 
1987132 

NHANES 1 
Epidemiologic 
Follow up Study 
(NHEFS) 
 
Probability 
sample of US 
population with 
certain age and 
socio-economic 
groups over-
sampled 
 
1971-1975 
 
7-13 years follow 
up, median 10 
years 

Age 40-74 
N=4013 
47% male 
100% white 
 
Civilians, not 
living on Indian 
reservation 

CHD death 
 
Comparisons of 
magnitudes of 
coefficients 
generated in risk 
models 
 
Graphical 
representations of 
observed CHD death 
in quintiles of 
predicted risk 

Framingham Leaverton and NHEFS models partition risk equally 
well.  
 
Predictive ability better in women than men. 
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Katz et al. 
1993122 

Tecumseh 
Community 
Health Study 
 
Tecumseh, 
Oklahoma, USA. 
Volunteers 
 
1959- 
 
12 year follow up 

Age 40-54 
N=627 
100% male 
100% white 
 
5% of cohort had 
pre-existing CHD 

Death from all causes 
 
Discrimination: area under 
ROC 

Discrimination 
AUROC (CI)    0.65 (0.53-0.78) 
 
Accuracy curve suggests that the equation is relatively accurate 
(no under or over estimation) 
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Thomsen et al. 
2002137 

Glostrup 
Population 
Studies 
 
Denmark 
 
5 pooled 
observational 
cohorts of 
individuals born in 
specific years 
 
1978-1992 
 
Follow up 10 
years 

Age 49-70 
N=4757 
50% men 
 
Complete 
information 
 
No previous MI 

CHD death 
 
Diabetes defined by 
self report 

Calibration 
P:O 1.09 
 
Discrimination 
Area under ROC curve 0.75 (SE 0.02) 
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Diverse 
Populations 
Collaborative 
Group 2002134 
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Truelsen et al. 
199436 

Copenhagen City 
Heart Study 
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location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Chambers et 
al. 2001245 

West London, UK 
 
GP lists 
 
Not prospective 

Age 35-60 
Men 
 
Not known to 
have CHD 

 Compared estimates of risk with reported CHD mortality rates. 
Contrary to reported CHD mortality rates in West London, 
PROCAM risk equation suggested risk of CHD death was lower 
in Asians than in Europeans (risk of CHD event in Asians 3.2% 
(SD 4.6) versus 3.8% (SD 5.9) in Europeans 
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Studies of external validation: PROCAM Assmann 200295 
Validation 
study ID 

Validating 
population, 
location, date, 
description Follow 
up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in studied 
population.  
Reviewer notes 

Ferrario et al. 
200537 

     

Empana et al. 
2003250 
Empana et al. 
2002278 

PRIME  
(Prospective 
Epidemiological 
Study of Myocardial 
Infarction) 
 
Belfast, Northern 
Ireland 
 
Cohort recruited to 
broadly match the 
social class 
structure of the 
background 
population. 
Workers in industry 
or various 
employment 
groups, primary 
care and volunteers 
in health screening 
 
1991-1993 
 

Age 50-59 
years 
 
N=2,399  
Men 
 
Free of CHD 
(including ECG 
evidence) 

Modified to give 5 
year risk 
Diabetes: current oral 
hypoglycaemic or 
insulin 
Cholesterol, 
triglycerides and HDL 
cholesterol measured 
by enzymatic 
methods. LDL by 
Friedewald formula 
 
Calibration: 
Predicted:observed 
(P:O) 
 
Discrimination: 
AUROC c-statistic 
 

Calibration 
P:O          1.78 
Graded increase of CHD incidence across deciles of 
Framingham estimated risk 
 
Discrimination 
c-statistic 0.61 
 

Ordering of individuals 
according to their 
absolute CHD risk not 
clear in the first four 
quintiles of risk (observed 
numbers of events were 
low <10). Clear 
overestimation of risk. 
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Studies of external validation: PROCAM Assmann 200295 
Validation 
study ID 

Validating 
population, 
location, date, 
description Follow 
up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in studied 
population.  
Reviewer notes 

5 year follow up 
 

Empana et al. 
2003250 
Empana et al. 
2002278 

PRIME  
(Prospective 
Epidemiological 
Study of Myocardial 
Infarction) 
 
France (Toulouse, 
Strasbourg, Lille) 
 
Cohort recruited to 
broadly match the 
social class 
structure of the 
background 
population. 
Workers in industry 
or various 
employment 
groups, primary 
care and volunteers 
in health screening 
 
1991-1993 
 
5 year follow up 

Age 50-59 
years 
 
N=7,359  
Men 
 
Free of CHD 
(including ECG 
evidence) 

Modified to give 5 
year risk 
Diabetes: current oral 
hypoglycaemic or 
insulin 
Cholesterol, 
triglycerides and HDL 
cholesterol measured 
by enzymatic 
methods. LDL by 
Friedewald formula 
 
Calibration: 
Predicted:observed 
(P:O) 
 
Discrimination: 
AUROC c-statistic 
 

Calibration 
P:O          2.76 
Graded increase of CHD incidence across deciles of 
Framingham estimated risk 
 
Discrimination 
c-statistic 0.64 

General applicability for 
ordering individuals 
according to their 
absolute CHD risk. Clear 
overestimation of risk 
(greater than with 
Framingham Wilson 
1998). 
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Studies of external validation: PROCAM Assmann 200295 
Validation 
study ID 

Validating 
population, 
location, date, 
description Follow 
up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in studied 
population.  
Reviewer notes 

 
 
 

Schulz et al. 
2003257 

Germany 
 
Patients who 
had undergone 
coronary 
angiography for 
diagnostic 
reasons. 
 
1992 
 
10-year follow up 

Mean age 53.1 
years 
N=48 
100% men 
 
Without 
clinically 
diagnosed 
coronary artery 
disease. 
Normal 
coronary 
arteries or 
coronary 
vessels with 
minimum 
arteriosclerosis 
at angiography. 

Fatal and non-fatal MI 
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Studies of external validation: PROCAM Assmann 1990146) 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Assmann 
1990146 

Helsinki Heart 
Study 
 
RCT of anti-
hypertensive 
therapy 
(Gemfibrozil) 
 
 

Age 40-55 
N=2051 
gemfibrozil 
N=2030 control 
Assymptomatic 
Primary 
dyslipidaemia 
(non-HDL 
cholesterol > 
5.2mmol/L) 

CHD events 
 
Calibration: predicted: 
observed 

Calibration 
                                            P:O 
Gemfibrozil group                1.09 
Control group                       0.98 
 
 

PROCAM study model 
predicted outcome in 
both treatment groups. 
Numbers and P:O ratio 
based on Frick et al. 
1987307 

 

 331 



 

 
Studies of external validation: Dundee 199140 
Validation 
study ID 

Validating 
population, 
location, date, 
description Follow 
up 

Population 
characteristic
s 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Chambers et al. 
2001245 

West London, UK 
 
GP lists 
 
Not prospective 

Age 35-60 
Men 
 
Not known to 
have CHD 

 Compared estimates of risk with reported CHD mortality rates. 
Contrary to reported CHD mortality rates in West London, 
Dundee risk equation suggested risk of CHD death was lower in 
Asians than in Europeans (risk of CHD event in Asians 4.0% 
(SD 3.2) versus 5.7% (SD 5.2) in Europeans 

 

Vega Alonso et 
al. 2000276 

Valladolid, Spain 
 
Cross-sectional 
random sample of 
general population 
 
1997 
 
Not prospective 

Age 35-64 
N=369 
50% men 

CHD 
 
Comparison of 
calculated risk with 
other studies in 
similar setting 

The estimated coronary risk of a person from the studied population compared 
well with actual risk observed in other studies in the same setting. 
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Studies of external validation: Dundee 199140 
Empana et al. 
2002278 
Empana et al. 
2003250 
 

PRIME  
(Prospective 
Epidemiological 
Study of Myocardial 
Infarction) 
 
France (Toulouse, 
Strasbourg, Lille) 
 
Cohort recruited to 
broadly match the 
social class 
structure of the 
background 
population. Workers 
in industry or 
various 
employment 
groups, primary 
care and volunteers 
in health screening 
 
1991-1993 
 
5 year follow up 

Age 50-59 
years 
 
N=7,359  
Men 
 
Free of CHD 
(including ECG 
evidence) 

CHD 
5-year risk function 
 
Diabetes: current oral 
hypoglycaemic or 
insulin 
Cholesterol and HDL 
cholesterol measured 
by enzymatic 
methods 
 
Calibration: 
 
Discrimination: 
AUROC c-statistic 
 

Calibration 
Systematic overestimation of CHD events 
 
Discrimination 
Poor discriminative power 
AUROC <7.0 
For risk of CHD>20% in 10 years 30% of true cases were misclassified and 50-
52% of true cases were missed 

CHD event rate 
270/100,000 
 
Dundee risk function does 
not accurately predict 
CHD events or 
discriminate correctly 
cases from non-cases in 
area with low CHD 
mortality 
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Studies of external validation: Dundee 199140 
Empana 2003 
The PRIME 
Study250 
Empana et al. 
2002278 

PRIME  
(Prospective 
Epidemiological 
Study of Myocardial 
Infarction) 
 
Belfast, Northern 
Ireland 
 
Cohort recruited to 
broadly match the 
social class 
structure of the 
background 
population. Workers 
in industry or 
various 
employment 
groups, primary 
care and volunteers 
in health screening 
 
1991-1993 
 
5 year follow up 

Age 50-59 
years 
 
N=2,399  
Men 
 
Free of CHD 
(including ECG 
evidence) 

5-year risk function 
 
Diabetes: current oral 
hypoglycaemic or 
insulin 
Cholesterol and HDL 
cholesterol measured 
by enzymatic 
methods 
 
Calibration: 
 
Discrimination: 
AUROC c-statistic 
 

Calibration 
Systematic overestimation of CHD events 
 
Discrimination 
Poor discriminative power 
AUROC <7.0 
For risk of CHD>20% in 10 years 30% of true cases were 
misclassified and 50-52% of true cases were missed 

CHD event rate 
700/100,000 
 
Dundee risk function does 
not accurately predict 
CHD events or 
discriminate correctly 
cases from non-cases in 
area with high CHD 
mortality 

Tunstall-Pedoe 
et al. 199140 

Whitehall Study 
London, UK 
 
Occupational cohort 
(civil servants) 

Age 40-59 
N=15,395 
100% men 

CHD death Dundee score placed 41% of deaths from CHD in the top 20% 
of risk after 5 years and 40% after 10 years. 
The relative risk of CHD death in the top versus bottom decile of 
risk was 6.3 at 5 years and 6.9 at 10 years 

 

 

 334 



 

 
Studies of external validation: Bombay25 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Outcome 
Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Mukherjee et 
al. 199625 

     

 
Studies of external validation: ERICA 199142 
Validation 
study ID 

Validating 
population, location, 
date, description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Knuiman et al. 
199730 

Busselton Australia     
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Studies of external validation: Framingham-Laurier recalibration53 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Torremocha et 
al. 200154 

Poitiers diabetes 
clinic 
 
Poitiers, France 
 
1993-1996 
 
Hospital diabetes 
clinic 
 
Mean follow up 
39 months 

Age 41-65 
N=72 
58% male 
 
Type 1 or type 2 
diabetics 
 
No symptoms of 
angina, no signs 
of CHD (including 
ECG evidence). 
 
Patients had at 
least one 
additional risk 
factor (type 1 
diabetes 15+ 
years, 
micro/macro 
albinuria, SBP 
>160 or 
antihypertensive 
treatment, 
dyslipidaemia, 
smoking) 

Major cardiac events 
(MI, sudden death, 
unstable angina, 
Ischaemic heart 
failure) 

Mean annual risk score 1.71 (1.11) with event and 1.03 (0.56) 
without an event 
 
The percentage with high estimated risk was 50% in those who had an event 
and 21.9% with no event. 

Inclusion of silent 
myocardial ischaemia 
did not improve score. 
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Studies of external validation: Global Coronary Risk Score 67 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Kornitzer 2000 
Belgian 
Physical 
Fitness Study67 

Belgium 1976-
1978 
Participants in an 
RCT 
10 year follow up 

2186 men 
40-55 years 
Free of clinical 
CHD 
Male 
See ref 18 

Endpoint: coronary 
death 

 Participants ranked 
according to 4 cut-off 
points of the BIRNH 
study (derivation study).  
Relative risk of 
coronary death, highest 
against lowest rank, 
10.1 
Also compared with 
Framingham CHD 
Anderson 1991 
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Studies of external validation: Glostrup137 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Thomsen et al. 
2002137 

Framingham, 
USA 
 
Observational 
prospective 
community cohort 
(did not include 
Framingham 
Offspring Study 
cohort) 
 
1971 

Age  
N=2562 
 
Complete 
information 
 
No previous MI 

CHD death Calibration 
P:O 0.83 
 
Discrimination 
Area under ROC curve 0.77 (SE 0.02) 
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Studies of external validation: Nagpur79 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Zodpey et al. 
199479 

Nagpur, India N=308 
Men and women  
Hospital based 
case control 
study. Cases 
(n=140) were 
identified as 
having probable 
CHD (Epstein 
1965). Controls 
(n=140) were age 
and sex matched 
patients with 
conditions other 
than CHD 

CHD 
Number classified as 
high or low risk in 
case and control 
patients  

Wilcoxon estimate of predictive accuracy 0.69 (95% CI 0.63,0.76) Authors used case 
control study design 
with asymptomatic 
individuals. No true 
prospective validation 
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Studies of external validation: Olmsted County82 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Tsang et al. 
200382 

Hospital clinic 

Minnesota, USA 

2 year follow up 

N=410 
No MI, 
revascularisation, 
AF, stroke, TIA, 
mild vascular 
disease 

 Comparison of hazard ratios 

Validation cohort   1.4 (CI 1.25, 1.58) 

Derivation cohort   1.44 

 

 
 

Studies of external validation: Plovdiv86 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Valkov et al. 
199586 
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Studies of external validation: SCORE108 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Aktas et al. 
2004109 

Cleveland Clinic 
Foundation 
 
Self referrals to a 
physical 
examination 
 
1990-2002 
 
Mean follow up 8 
years 

Age 50-75 
N=3554 
81% men 
 
Asymptomatic. 
No known heart 
disease, PVD, 
stroke or 
symptomatic 
cerebral 
ischaemia, 
symptoms 
suggestive of 
cardiac disease, 
left bundle 
branch block, 
digoxin use, pre-
excitation 
syndrome, LVH, 
>1mm resting ST 
segment 
depression, or 
concurrent 
imaging studies. 

Death from all 
causes 

Calibration 
Score was predictive of death: for 1% predicted increase in 
absolute risk of hard CHD events the RR of death was 1.09 
(95% CI  1.07,1.11 p<0.001) 
P:O 1.01 
 
Discrimination 
Area under ROC curve  0.73 

Authors studied all 
causes of death as the 
end point only 
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Studies of external validation: UKPDS111 
Validation 
study ID 

Validating 
population, 
location, date, 
description Follow 
up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in studied 
population.  
Reviewer notes 

McEwan et al. 
2001112 

Cardiff, Wales 
 
Community 
diabetes 
database 

Age 25-65 
N=223 (44% of 
507) 
Men and women 
 
Type 2 diabetics 

CHD 
 
Sensitivity 
 
Area under ROC 

Calibration 
Sensitivity 26% 
Discrimination 
Area under ROC 0.62 
 

The UKPDS risk 
function offered no 
notable improvement 
on the Framingham risk 
equation in predicting 
the likelihood of CHD 
events in type 2 
diabetes. 
 
Authors note the limited 
value of UKPDS due to 
age criteria 25-65 

Protopsaltis et 
al. 2004113 

Greece 
 
Diabetic 
outpatient 
database 
 
10 year  

N=339 
47% men 
 
Patients with 
follow up data 
 
Diabetics 

Coronary artery 
disease 
 
Sensitivity 
Specificity 
 
Area under ROC 

Calibration 
Sensitivity 56% 
Specificity 56% 
Discrimination 
Area under ROC 0.61 (p<0.01) 
 
 

Framingham Wilson 
1998 model seems to 
be more appropriate for 
the prediction of CAD 
risk in diabetic patients 
than UKPDS 
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Studies of external validation: Albany122 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Katz et al. 1993122 Tecumseh 
Community 
Health Study 
 
Tecumseh, 
Oklahoma, USA. 
Volunteers 
 
1959- 
 
12 year follow up 

Age 40-54 
N=627 
100% male 
100% white 
 
5% of cohort had 
pre-existing CHD 

Death from all causes 
 
Discrimination: area 
under ROC 

Discrimination 
AUROC (CI)    0.68 (0.51-0.83) 
 
Accuracy curve suggests that the equation underestimates 
mortality in this population 
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Studies of external validation: Chicago Western Electric122 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Katz et al. 
1993122 

Tecumseh 
Community 
Health Study 
 

Tecumseh, 
Oklahoma, USA. 
Volunteers 
 
1959- 
 
12 year follow up 

Age 40-54 
N=627 
100% male 
100% white 
 
5% of cohort had 
pre-existing CHD 

Death from all causes 
 
Discrimination: area 
under ROC 

Discrimination 
AUROC (CI)    0.70 (0.55-0.85) 
 
Accuracy curve suggests that the equation underestimates 
mortality in this population 
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Studies of external validation: Chicago Gas122 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Katz et al. 1993122 Tecumseh 
Community 
Health Study 
 

Tecumseh, 
Oklahoma, USA. 
Volunteers 
 
1959- 
 
12 year follow up 

Age 40-54 
N=627 
100% male 
100% white 
 
5% of cohort had 
pre-existing CHD 

Death from all causes 
 
Discrimination: area 
under ROC 

Discrimination 
AUROC (CI)    0.64 (0.51-0.77) 
 
Accuracy curve suggests that the equation is relatively accurate 
(no under or over estimation) 
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Studies of external validation: NHANES 1&2 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Liao et al. 1999144      

 
 

Studies of external validation: NHANES 1 
Validation 
study ID 

Validating 
population, location, 
date, description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Liaoet al. 
1999133 

     

 
 

Studies of external validation: NHANES 2 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Liao et al. 1999133      
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Studies of external validation: NHEFS 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Leaverton et al. 
1987132 

Framingham, 
USA 
 
Observational 
prospective 
community cohort 
 
1960-1964 
 
9-11 year follow 
up (median 10 
years) 

Age 41-74 
N=4103 
44%% male 
100% white 
 
 

CHD death 
 
Comparisons of 
magnitudes of 
coefficients 
generated in risk 
models 
 
Graphical 
representations of 
observed CHD death 
in quintiles of 
predicted risk 

NHEFS and Framingham models partition risk equally well.  
 
Predictive ability better in women than men. 

 

Knuiman 
199730 

Busselton 
Australia 
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Studies of external validation: Sante Quebec heart health survey151 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Ciampi et al. 
2001151 

Institut de 
Recherches 
Cliniques de 
Montreal lipid 
clinic 

    

 
 

Studies of external validation: Seven Countries152 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Menotti 1996152 Seven Countries 
functions derived 
for separate 
centres and 
cross-validated 

    

 

 348 



 

 
Studies of external validation: Tecumseh 1976122 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Katz et al. 1993122 Tecumseh 
Community 
Health Study 
 
Tecumseh, 
Oklahoma, USA. 
Volunteers 
 
1959- 
 
12 year follow up 

Age 40-54 
N=627 
100% male 
100% white 
 
5% of cohort had 
pre-existing CHD 

Death from all causes 
 
Discrimination: area 
under ROC 
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Studies of external validation: Tecumseh 1993122 
Validation 
study ID 

Validating 
population, 
location, date, 
description 
Follow up 

Population 
characteristics 
Inclusion 
Exclusion 
Co-morbidity 

Changes to 
methods. 
Methods used for 
validation 

Results 
Attempt at recalibration 

Authors conclusions: 
applicability in 
studied population.  
Reviewer notes 

Katz et al. 1993122 Tecumseh 
Community 
Health Study 
 
Tecumseh, 
Oklahoma, USA. 
Volunteers 
 
1959- 
 
12 year follow up 

Age 40-54 
N=627 
100% male 
100% white 
 
5% of cohort had 
pre-existing CHD 

Death from all causes 
 
Discrimination: area 
under ROC 

Discrimination 
 

 

 

 



 

Appendix 7. Data extraction form: studies of effectiveness of cardiovascular 

risk scores in targeting primary prevention 

Cardiovascular risk scoring methods  
and health outcomes 
 
General information 

Ref Man no. 

Author 
 

   Reviewer 
 

Title 
 

   Date of data 
extraction 

Source 
 

    

Study characteristics 
Eligibility 
check list: 
 
 

Primary 
prevention of 
CHD 

Risk scoring/ 
decision aid 

Measure of 
health outcome 

Prospective 
study design 

Risk scoring 
method 
 

    

Outcomes 
 

    

Population characteristics 
 
 
 

Study population, inclusion/ 
exclusion criteria, co-
morbidity 
 

   

 
 

Recruitment procedure 
(participation rates) 
 

   

 Baseline characteristics 
 

   

  Age 
 

   

  Sex 
 

   

  Ethnicity 
 

   

  Social class 
 

   

  Geographical region 
 

   

  Number of participants 
 
 

Total Intervention 1 Intervention 2 Control 
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Methodological quality 
 
 Was a power calculation reported? 

 
 Study design RCT 

Cohort study with matched concurrent controls 
Cohort study with unmatched concurrent controls 
Cohort study with historic controls 
 

 Randomisation 
 

 Individual Cluster  
(*See footnote) 

 Method of randomisation 
 

 Were healthcare professionals/ patients 
aware of allocation? 
 

 

 Were groups similar at 
baseline? 
 

Age Sex SBP DBP Chol Smoking Risk Other 

Interventions 
 
 Detailed description of interventions 

 
 
 
 

  

 
 

Who conducted intervention?   

 Intervention site  
 

  

 Duration of intervention 
 

  

 
 

Was the decision modified from its original form?  

 
 

Did the control group receive any intervention or possibility of 
Hawthorne effect? 
 

 

Results 
 
 Length of follow-up 

 
  

 Losses to follow-up (describe) 
 
 

  

 Were outcomes measured blind to intervention group? 
 

 

 How were missing data handled? 
 

  



 

Outcomes 1 
 Baseline Follow up Change 
Risk factor/ 
outcome 
(describe) 

 N Mean SD CI N Mean SD CI N Mean SD CI 

 INT 
CONT
 

            

 INT 
CONT
 

            

 INT 
CONT
 

            

 INT 
CONT
 

            

 INT 
CONT
 

            

 INT 
CONT
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Outcomes 2 
 Intervention 

 
Control Difference  

Death 
 
 

   

CHD (details) 
 
 

   

CVD (details) 
 
 

   

Other 
 
 

   

Other 
 
 

   

 
*If cluster randomisation note information on: details of stratification; minimisation; whether population was identified before or after 
allocation decision; was the person who recruited participants blind to group allocation; what were the population sizes within clusters; was 
follow up equal within clusters; was there evidence of differential individual recruitment or consent or differential individual exclusion/ inclusion 
 
Notes 
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Appendix 8. Studies of effectiveness of cardiovascular risk scores in targeting primary prevention 
Outcomes and results Study ID 

 
Methods Participants Intervention 

Outcome Intervention Control 
Study quality 

All patients 
Change in  number 
receiving diabetic 
treatment 

+42%  
(95% CI 34 to 
50) n=162 

+36% 
(95% CI 29 to 
45) n=161 

Change in number 
g 

antihypertensive 
atment 

receivin

tre

+16%  
(95% CI 10 to 
22) n=162 

+10%  
(95% CI 5 to 
16) n=161 

Change in number 
receiving lipid-
owering treatment l

+12%  
(95% CI 7 to 
17) n=162 

+9%  
(95% CI 4 to 
14) n=161 

Rate of referral to 
dietician 

+10%  
(95% CI 6 to 
15) n=162 

+13%  
(95% CI 7 to 
19) n=161 

High risk patients (>20% 5-year risk) 
Chang
receiving d

e in number 
iabetic 

treatment 

+44%  
(95% CI 35 to 
54) n=86 

+35% 
(95% CI 24 to 
47) n=82 

Change in number 
receiving 
antihypertensive 
treatment 

+23%  
(95% CI 15 to 
31) n=86 

+10%  
(95% CI 3 to 
17) n=82 

Change in number 
receiving lipid-
lowering treatment 

+20%  
(95% CI 12 to 
27) n=86 

+9%  
(95% CI 2 to 
15) n=82 

Hall et al. 
2003302 

Framingham 
Anderson 1991  
(Updated New 
Zealand 
cardiovascular 
disease risk-
benefit prediction 
guide 2000). 
 
RCT 
 
Follow up <6 
months 

Consecutive 
type 2 diabetes 
patients with no 
history of CVD 
or renal 
disease 
attending a 
hospital 
outpatient clinic 
in Dundee, 
Scotland.  
Age 35-75, 
52% men. 
 
Intervention 
n=162 
 
Control  
n=161 

CVD risk score 
clearly 
documented at 
front of patient 
notes. 
In both 
intervention 
and control 
groups, doctors 
were provided 
with standard 
information on 
weight, 
glycosylated 
haemoglobin, 
microalbuminur
ia, total 
cholesterol, 
HDL 
cholesterol and 
blood pressure. 

Rate of referral to 
dietician 

+10%  
(95% CI 5 to 
16) n=86 

+7%  
(95% CI 1 to 
17) n=82 

Alternate allocation of individuals 
 
Analysis was by intention to treat:  
 
Doctors were unaware of the allocation 
 
No losses to follow up reported  
 
Authors conclude that diabetic 
treatment, prescription of 
antihypertensive and lipid lowering 
drugs were increased in the group with 
clearly documented risk scoring but 
this was only statistically significant in 
patients at greater cardiovascular risk. 
Prescribing was not increased in those 
at relatively low risk 
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Outcomes and results (unadjusted for 
baseline blood pressure and practice 
computer system) 

Intervention  

Study ID 
 

Methods Participants Intervention 

Outcome 
1. CDSS 
+Chart 

2. Chart 
Control
 

Study quality 

Change in 
ean 5-year 
k ≥10% 

m
ris

+0.65  
(SD 0.39) 
n=202 

-0.48  
(SD 0.35) 
n=199 

+0.77  
(SD 0.37) 
n=130 

C
sy

hange in 
stolic blood 

pressure 
(mmHg) 

-0.04 
(SE 1.4)  
n=202 

-2.66 
(SE 1.4)  
n=199 

+0.25 
(SE 1.7) 
n=130 

Change in 
stolic blood 

pressure 
(mmHg) 

dia
+0.36 
(SE 0.74) 
n=202 

-1.1 
(SE 0.78) 
n=199 

-1.64 
(SE 1.03) 
n=130 

Montgomery et 
al. 2000300 

Framingham 
Anderson 1991  
Computerised 
estimation of 5-
year risk of a 
cardiovascular 
event based on 
charts derived 
from Anderson 
1991 (New 
Zealand 
Guidelines 2). 
Increase one risk 
category for 
patients with 
increased BMI, 
family history of 
CVD, familial 
hyper-

Patients from 
general practice 
with diagnosed 
hypertension 
and prescription 
of anti-
hypertensive 
drugs in Avon, 
UK. 
Non-ambulatory 
patients and 
those with life 
threatening 
illness or recent 
major surgery 
were excluded. 
Age 60-80 
46% men 
 

1. Computer-
based clinical 
decision support 
system using 
the 
Framingham-
Anderson 
cardiovascular 
disease risk 
equation and 
Framingham 
Anderson based 
cardiovascular 
risk chart only 
(as modified in 
New Zealand 
Guidelines 
1994/ 1996). . 
  

Odds ratio for 
prescription of 
cardiovascular 
drugs (2 
classes of 
drugs 
compared with 
0-1) 

0.5 (95% 
CI 0.2 to 
0.9) 

1.0 0.5 (95% 
CI 0.2 to 
1.0) 

Randomisation : practices stratified by 
computer system used. 
30 patients randomly sampled from 
each practice using a computerised 
random sampling program. Cluster 
randomisation of general practices by 
researcher blind to identity of the 
practices using table of random 
numbers 
 
Changes in risk factors only reported 
for those followed up 
 
Patients, doctors and nurses were not 
blind to study group 
 
Losses to follow up were 10% at 6 
months and 14% at 12 months 
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cholesterolaemia, 
LVH. Patients 
with existing CVD 
are highest risk 
 
RCT 
 
6 and 12 month 
follow up (12 
month reported 
for blood pressure 
and risk, 6 month 
reported for 
prescribing) 

1. Intervention 
n=229 
 
2. Intervention 
n=228 
 
Control  
n=157 

2. Framingham 
Anderson based 
cardiovascular 
risk chart only  
 
Interventions 
implemented by 
GP or practice 
nurse 

Odds ratio for 
prescription of 
cardiovascular 
drugs (≥3 
classes of 
drugs 
compared with 
0-1) 

0.3 (95% 
CI 0.1 to 
0.6) 

1.0 0.3 (95% 
CI 0.2 to 
0.7) 

Authors conclude use of CDSS and 
risk chart did not lead to improvements 
in 5-year cardiovascular risk, blood 
pressure or prescribing. Use of chart 
alone was associated with significant 
reduction in systolic blood pressure 
(4.6mmHg, 95% confidence interval 
0.8 - 8.4) and increased prescription of 
cardiovascular drugs. 

 
Outcomes and results Study ID 

 
Methods Participants Intervention 

Outcome Intervention Control 
Study quality 

Framingham 
Anderson 1991 

0-year CVD risk 1

26 (SD 12) 25 (SD 12) 

Change in 
systolic blood 
pressure (mmHg) 

-27 
n=556 

-26 
n=712 

Change in 
diastolic blood 

ssure (mmHg) pre

-15 
n=556 

-16 
n=712 

Percentage 
patients with 
blood pressure 
<140/90 mmHg 

64% 62% 

Hanon et al. 
2000301 

Framingham 
Anderson 1991 
10 year risk of 
CVD (LVH 
assumed absent) 
 
RCT 
 
8 week follow up 

The OPERA 
study. 
Hypertensive 
patients without 
normalised 
blood pressure 
(BP>140/90 
mmHg 
Age 19-74 
54% men 
Patients with 
any other 
significant 
comorbity, 
including 
diabetes were 
excluded 
 
Total 

Framingham 
Anderson 1991 
10-year CVD 
risk calculated 
and 
communicated 
to physician as 
<15%, 15-20%, 
20-30%, >30% 
(WHO/ ISH 
Guidelines 
1999) 
 
Control group 
had 
cardiovascular 
risk estimated 
by physician 
 

% on dual 
therapy 

41% 46% 

Randomisation: individual 
randomisation “de façon aléatoire” 
 
Changes in risk factors, risk and 
therapy only reported for those 
followed up 
 
Physicians not blind to intervention 
 
17% lost to follow up 
 
Authors conclude no benefit for 
inclusion of Framingham Anderson 
1991 10-year CVD risk in therapeutic 
stategy 
 
Concordance between Framingham 
Anderson 1991 calculated risk and 
physician estimated risk was 35% 
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randomised 
n=1526 
 
Results are for 
those 
participating in 
entire study  
 
Intervention 
n=556 
 
Control  
n=712 

Fosinopril +/- 
hydrochlorothia
zide prescribed 
on the basis of 
risk. 

10-year CVD risk 26% 25%  
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Outcomes and results Study ID 
 

Methods Participants Intervention 
Outcome Intervention Control 

Study quality 

Change in systolic 
lood pressure 

mmHG 
b

-2.3 
n=816 

-0.8 
n=1023 

Change in diastolic 
blood pressure 
mmHG 

-1.8 
n=816 

-1.2 
n=1023 

Change in serum 
total cholesterol 
mmol/L 

+0.04 
n=581 

-0.13 
n=768 

Hetlevik et al. 
1998118 
Hetlevik et al. 
1999119 

Norwegian 
Handbook for 
cardiovascular 
screening 1987 – 
risk score for 
CHD 
 
RCT 
 
21 month follow 
up 

General 
practice in Sør 
& Nord 
Trøndelag, 
Norway 
 
Patients 
diagnosed with 
hypertension 
42% men 
 
Intervention 
n=984 
 
Control  
n=1255 

Computer-
based clinical 
decision 
support system 
incorporating 
Norwegian 
Handbook for 
cardiovascular 
screening 1987 
risk score for 
CHD. 

Death from all 
causes 

44 (4.5%) 66 (5.3%) 

Randomisation: health centres 
randomised 
 
Results were reported by intention to 
treat 
 
Blinding: GPs were aware of group 
allocation 
 
10% lost to follow up in both 
intervention and control groups 
 
Uptake of CDSS was low in the 
intervention group (12%) 
 
Risk score variables were missing in 
91.7% of intervention group patients 
and 91.9% of controls 
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Appendix 9. Studies of effectiveness of cardiovascular risk scores in 
targeting primary prevention excluded from review 

 
Study Description Reason for 

exclusion 
Bjerrum et al. 
2001287 

Audit. Intervention consisted of 
guidelines including Framingham 
Anderson based risk charts and 
changes to re-imbursement relating 
to reimbursement for lipid-
lowering drug prescription 

Not RCT 

Casi Casanellas 
et al. 2000283 

Survey Not RCT 

Ford et al. 2001299 Audit Not RCT 

Gans et al. 
1994298 

No risk assessment No risk scoring 
method 

Gelskey et al. 
1994282 

Survey Not RCT 

Gomel et al. 
1990293 

No control group Not RCT 

Gomel et al. 
1997291 

Risk function used to assess 
outcome in multiple risk factor 
intervention 

Risk score used as 
trial outcome 

Griffith et al. 
2002286 

Descriptive; audit before 
introduction of computerised 
risk scoring 

Not RCT 

Hanlon et al. 
1995279 

No healthcare professional 
involvement in risk assessment 

No healthcare 
professional 
involvement 

Hutchison et al. 
1998280 

No healthcare professional 
involvement in risk assessment; 
outcome is uptake of 
cholesterol testing 

No healthcare 
professional 
involvement 

Kornitzer et al. 
1980290 

Risk score used to select 
patients and to assess outcome 

Risk score used as 
trial outcome 

Lowensteyn et 
al. 1998295 

No follow up by intention to 
treat 

No intention to treat 
follow up 

Montgomery et 
al. 2003297 

Relates to treatment of 
hypertension only 

Treatment of 
hypertension only 
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Study Description Reason for 
exclusion 

Mounier-Vehier 
et al. 2002281 

Survey Not RCT 

Nguyen et al. 
2000292 

Risk algorithm used to assess 
outcome 

Risk score used as 
trial outcome 

Onat et al. 
2003294 

Not RCT; no follow up by 
intention to treat 

Not RCT 

Paterson et al. 
2002190 

Not RCT; feasibility study Not RCT 

Ramachandran 
& Labib 2000284 

Survey Not RCT 

Reid et al. 
1995288 

Risk score used to identify 
moderate risk patients for entry 
into trial of counselling 

Risk score used for 
selecting patients for 
intervention trial 

Roderick et al. 
1995289 

Risk assessment used to 
identify high risk patients for 
drug trial 

Risk score used for 
selecting patients for 
intervention trial 

Song & Brown 
2002285 

Single audit Not RCT 

Thomsen et al. 
2001296 

Simulated patients Simulated patients 
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