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Recent estimates indicate that 
worldwide about three quarters of 
a billion people are obese, and that 
by 2025 approximately one in five of 
all adults will be obese. Many more 
adults are and will be overweight. 
This trend is accompanied by a ma-
jor disease burden, including dia-
betes, cardiovascular disease, and 
cancer. Characterizing the increased 
risk of cancer among individuals who 
are overweight or obese is one of 
the major successes in etiological 
cancer research in the past two de-
cades. The global cancer burden in 
2012 associated with high body mass 
index was estimated to be 481 000 
cases, translating to 3.6% of all new 
cancers in adults. The contribution 
was greater in women than men and 
in countries with very high and high 
Human Development Index. A recent 
IARC report (Lauby-Secretan et al., 
N Engl J Med. 2016; 375(8):794–8) 
concluded that there was sufficient 
evidence for a cancer-preventive ef-
fect of avoidance of weight gain for 
13 different types of cancer.

Describing the problem is an 
important step, but it is not enough. 
While knowledge of the risks has 
progressed, there is far less progress 
in understanding how to combat the 
problem. For some populations the 
challenge is to reverse an existing 
problem, whereas other populations 
still have the opportunity to avoid re-
peating the changes in patterns that 
have occurred elsewhere. To inform 
these efforts, several important re-
search gaps are evident, including: 
better characterizing the drivers of 
overweight and obesity (energy bal-
ance, dietary composition, physical 
inactivity, social environment, mar-
keting and pricing of unhealthy foods, 
etc.); understanding the mechanisms 
by which these factors act and thus 
how they may be countered; eluci-
dating the health effects of over-
weight and obesity at different times 
in the life-course; and the stark need 
to develop and evaluate behavioural 
and policy interventions to prevent  
or reverse overweight and obesity at 
all ages.

This IARC Working Group Report 
summarizes and evaluates the avail-
able scientific evidence on what is 
driving the obesity epidemic. The re-
port reviews the important characteris-
tics of a healthy diet, the biological and 
physiological pathways modulated by 
dietary components, and the effects 
of physical activity. The major impacts 
of the food environment, marketing of 
unhealthy foods, and urbanization 
are also highlighted. All the evidence 
points to the requirement for a multi-
sectoral approach to reverse the rise 
in the prevalence of obesity in all age 
groups and in all populations. There 
can be few greater challenges to pub-
lic health in the coming decades.

The intention of our Agency is 
that this volume will provide a valu-
able scientific evidence base for the 
next steps in research and for the 
subsequent translation of research 
into policy by other national and in-
ternational bodies.

Dr Christopher P. Wild
Director, International Agency 

for Research on Cancer
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Executive summary

Prevalence of overweight  
and obesity

Obesity is now well recognized 
as a disease in its own right, one 
that is largely preventable through 
changes in lifestyle, especially diet. 
Obesity is also a major risk factor 
associated with increased morbidity 
and mortality from many noncom-
municable diseases (NCDs). Obesi-
ty has increasingly been considered 
to be a life-course condition, with its 
roots being established during preg-
nancy and with an intergenerational 
cycle, overlapping with the secular 
trend.

Obesity rates have been con-
stantly increasing during the past 
30 years. The worldwide prevalence 
of obesity in adults nearly doubled 
between 1980 and 2014 [2]. In 2014 
there were 41 million overweight 
children younger than 5 years in 
the world, about 10 million more 
than there were in 1990. In 2014, al-
most half of all overweight children 
younger than 5 years lived in Asia, 

The International Agency for 
Research on Cancer (IARC) of the 
World Health Organization (WHO) 
convened a Working Group meeting 
in Lyon in December 2015 to review 
the evidence regarding energy bal-
ance and obesity and to consider the 
following scientific questions:
•  Are the drivers of the obesity epi-

demic related only to energy excess 
and/or do specific foods or nutrients 
play a major role in this epidemic?

•  What are the factors that modulate 
these associations?

•  Which types of data and/or  
studies will further improve our 
understanding?

This IARC Working Group Re-
port provides summaries of the evi-
dence from the literature as well as 
the Working Group’s conclusions 
and recommendations to tackle the 
global epidemic of obesity.

A summary of the topics ad-
dressed and the conclusions and 
recommendations of the Working 
Group has been published in Cancer 
Causes & Control [1].

and one quarter lived in Africa. The 
number of overweight children in 
lower-middle-income countries has 
more than doubled since 1990, from 
7.5 million to 15.5 million [3].

In 2014, 39% of adults aged 18  
years and older (38% of men and 
40% of women) were overweight. The 
prevalence of obesity in high-income 
countries (HICs) and upper-middle-in-
come countries is more than double 
that in low-income countries (Fig. 1), 
and an increasing number of coun-
tries are affected.

The double burden of 
malnutrition

The double burden of malnutrition 
is the coexistence of undernutrition 
(including macronutrient and micro-
nutrient deficiencies) and overnutri-
tion in the same population across 
the life-course. In most regions, un-
dernutrition and overnutrition coex-
ist in the same country, in the same 
community, or even in the same 
household.
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burden of malnutrition, with persis-
tence of undernutrition, micronutri-
ent deficiencies, and overnutrition, 
and the resulting rapidly increasing 
rates of obesity and related NCDs, 
including cancer.

The nutrition transition in LMICs 
provides an important opportunity to 
study the rapid changes in dietary 
patterns and physical activity levels, 
and to fill the gaps in our knowledge 
about whether these factors can ex-
plain the increases in cancer risk ob-
served across different populations, 
so that programmes and policies can 
be strategically designed.

Obesity and cancer

The increase in the global burden 
of cancer may be explained partly 
by demographic changes; however, 
changes in lifestyle factors and glob-
alization related to diet (increased 
consumption of highly processed 
foods and sugar-sweetened bever-

Although the prevalence of stunt-
ing and wasting in preschool children 
in low- and middle-income countries 
(LMICs) has declined, the rapid rise 
in rates of overweight/obesity in 
both children and adults is striking. 
The hidden hunger index indicates 
persistent problems. Hot spots and 
severe problems have been found 
in most countries in sub-Saharan 
Africa and South Asia and in some 
countries in South-East Asia.

Rapid economic development 
and urbanization in LMICs have re-
sulted in rapidly changing dietary 
patterns. Increasingly, there is a shift 
away from traditional plant-based di-
ets to less-nutrient-dense diets with 
consumption of highly processed 
foods and sugar-sweetened bever-
ages, with a simultaneous reduction 
in physical activity levels across all 
ages. For many LMICs, government 
policy does not address these drivers 
of the double burden of malnutrition. 
Hence, many LMICs face a triple 

ages) and increases in sedentary 
behaviour are also increasingly be-
ing recognized as major contributors 
to the rising prevalence of obesity 
and the increasing cancer burden.

The World Cancer Research 
Fund (WCRF) has reviewed the 
evidence linking diet, physical ac-
tivity, body composition, and cancer 
worldwide in a systematic way [4]. 
From the WCRF review, there is 
convincing evidence for the role of 
obesity as a causal factor for several 
types of cancer, including cancers of 
the colorectum, endometrium, kid-
ney, oesophagus, postmenopausal 
breast, gallbladder, and pancreas, 
and advanced prostate cancer.

A recent evaluation of the glob-
al cancer burden linked to obesity 
estimated that 481  000 or 3.6% of 
all new cancer cases in adults in 
2012 were attributable to high body 
mass index (BMI) [5]. Cancers of 
the corpus uteri, postmenopausal 
breast, and colon accounted for 

Fig. 1. The prevalence of obesity (body mass index ≥ 30 kg/m2) in adults aged 18 years and older, for both sexes, 
in 2014 (age-standardized estimates). Source: WHO Global Health Observatory.
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63.6% of cancers attributable to high 
BMI (about 10% of all cancers). Al-
though the attributable burden was 
larger in HICs, high BMI appears 
to play a substantial role in Latin 
America, the Middle East and North 
Africa, and South Africa (Fig. 2). Fur-
thermore, taking into account both  
current population mean BMI and the 
BMI changes over time, a larger in-
crease in the population attributable 
fraction was observed in the Middle 
East and North Africa and in Latin 
America and the Caribbean, pointing 
to the importance of the cumulative 
effects of overweight and obesity in 
cancer etiology. Because there is a 
time lag between the development 
of obesity and the appearance of re-
lated comorbidity, it can be expected 
that the burden of obesity-related 
disease will increase markedly and 
will continue to do so for some time.

Recent progress in elucidating 
the mechanisms underlying the obe-
sity–cancer link suggests that obe-
sity exerts pleomorphic effects on 

pathways related to tumour devel-
opment and progression. Therefore, 
there are multiple opportunities for 
primary, secondary, and tertiary pre-
vention of obesity-related cancers. 
It is now known that obesity can 
affect each of the well-established 
hallmarks of cancer, but obesity-as-
sociated perturbations in systemic 
metabolism and inflammation, and 
the interactions of these perturba-
tions with cancer cell energetics, are 
emerging as the primary drivers of 
obesity-associated cancer develop-
ment and progression.

Interventions to prevent and con-
trol the rise in the prevalence of obe-
sity are needed in order to control 
the rapid increase in the burden of 
NCDs, including cancer.

Energy intake and energy 
expenditure

Energy balance is the result of equi-
librium between energy intake and 
energy expenditure. When energy 

intake exceeds energy expenditure, 
the excess energy is deposited as 
body tissue [6]. Such positive energy 
balance is a normal feature of growth 
during childhood, and of pregnancy, 
when accumulation of body tissue is 
physiological. During adulthood, the 
maintenance of stable body weight 
depends on the energy derived from 
food and drink (energy intake) being 
equal to the total energy expenditure 
over time.

Total energy expenditure is the 
sum of the basal metabolic rate, the 
energy expended in physical activity, 
and the energy expended in diges-
tion of foods and absorption and as-
similation of nutrients (diet-induced 
thermogenesis). The main determi-
nant of the basal metabolic rate is 
the mass of lean tissue, and the main 
modifiable determinant of energy 
expenditure is physical activity. For 
weight loss, total energy expenditure 
must exceed energy intake, and for 
weight gain, energy intake must ex-
ceed energy expenditure [7].

Fig. 2. The percentage of all cancer cases (at all anatomical sites) attributable to excess body mass index (BMI), 
for both sexes, in 2012. Source: Arnold et al. (2015) [31].
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Recommended levels of physical 
activity are about 30–60 minutes per 
day of moderate to vigorous activity 
[8, 9]. There is increasing evidence 
that time spent at very low activity 
levels (sedentary time) is important 
in energy balance and risk of NCDs, 
including cancer and cardiovascular 
disease, independent of the amount of 
moderate to vigorous activity [10–12].

Measuring dietary intake and 
energy expenditure is a challenge in 
epidemiology. In particular, assess-
ment of energy intake sometimes 
has considerable measurement er-
rors and may be subject to selec-
tion biases, such as the tendency 
of overweight and obese people to 
underestimate their intake. Although 
some objective measures exist for 
assessing energy expenditure or 
physical activity, such tools are not 
available for energy intake. Thus, 
assessment of energy balance by 
calculating the difference between 
intake and expenditure is not prac-
tically useful.

Over time the best marker of 
positive or negative energy balance 
is change in body weight. However, 
because change in body weight can-
not distinguish between loss or gain 
of lean or fat mass, in the absence of 
specific measures of body composi-
tion, interpretation of weight change 
in an individual rests on assumptions 
about the nature of tissues lost or 
gained, i.e. the relative proportions 
of lean and fat tissue [13]. However, 
for most people, weight gain during 
adulthood is driven largely by gain 
in fat mass, and therefore change in 
body weight is a highly useful mea-
sure of medium- to long-term energy 
balance.

Measurement of adiposity

Several measures of overweight 
and obesity have been used in ep-
idemiological studies. However, it 
is important to be aware that such 
measures are imperfect markers of 

the internal physiological processes 
that are the actual correlates of can-
cer development.

BMI (defined as the quotient 
between weight in kilograms and 
height in metres squared) is the 
most commonly used marker of 
body composition in epidemiological 
studies, because of the simplicity of 
assessment and the high precision 
and accuracy. However, it does not 
differentiate between lean and ad-
ipose tissue or take into account 
fat distribution, which varies across 
individuals, among ethnicities, and 
throughout the lifespan. Waist cir-
cumference and waist–hip ratio are 
useful tools to identify abdominal 
obesity but cannot clearly differenti-
ate between visceral and subcutane-
ous fat compartments [14, 15].

Other measures that can be 
used in medium- or large-scale 
studies include skin-fold thickness 
and bioelectrical impedance analy-
sis. More direct measures of body 
composition are available, such 
as air displacement plethysmogra-
phy, underwater weighing (hydro-
densitometry), dual-energy X-ray 
absorptiometry, ultrasonography, 
computed tomography, and mag-
netic resonance imaging [16, 17]. 
Although these methods are highly 
reproducible and valid [18], because 
of high costs and lack of portability, 
their use is limited to small-scale 
studies that require a high level of 
accuracy. Their use in large-scale 
epidemiological studies tends to be 
as reference methods [19].

Determinants of obesity

Factors that influence energy bal-
ance can be considered as relating 
to the host (i.e. people), the environ-
ment (i.e. the set of external factors 
to which people are exposed), and 
the vector (i.e. foods and drinks). 
These factors interact in a complex 
way to influence eating and drinking 
patterns as well as activity behav-

iours. Although these factors are 
experienced at the individual level 
as the acceptability, availability, and 
affordability of foods, drinks, and 
activity behaviours, their roots lie in 
policies and actions that determine 
the environment, which may be lo-
cal, national, or international [20]. 
Such factors include food and drink 
prices (and relative prices) in rela-
tion to people’s economic status, 
cultural and socioeconomic factors, 
availability of foods, different levels 
of food processing, advertising and 
marketing of foods and drinks, and 
the type and amount of options for 
eating meals outside the home, as 
well as the impact of the urban en-
vironment on the likelihood of people 
adopting active behaviours during 
everyday life.

For any individual, constitution-
al factors – genetic and/or arising 
from early-life exposures – can de-
termine the degree of susceptibility 
to obesity [21, 22]. Apart from these 
largely non-modifiable factors, other 
characteristics may influence energy 
balance – in particular, the amount of 
energy expended in physical activity. 
Increasing energy expenditure might 
be expected not to influence energy 
balance, because of appetite control 
mechanisms that feed back and tend 
to maintain balance. However, there 
is evidence that at the low levels of 
activity characteristic of many HICs 
and increasingly of LMICs, this feed-
back operates imperfectly and does 
not suppress appetite to the low lev-
els necessary to maintain energy 
balance [23].

Many factors relating to the 
foods and drinks consumed have 
been shown to influence the amount 
consumed or energy balance over 
the short to medium term, such as 
energy density and portion size [24, 
25]. Long-term (> 1 year) experimen-
tal data on prevention of weight gain 
suggest that the change in body 
fatness that occurs when intake is 
modified appears to be mediated 
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via changes in energy intakes and 
that intake of naturally occurring fat 
does not have a significant impact 
on obesity [26]. In weight-loss trials, 
low-carbohydrate interventions led 
to significantly greater weight loss 
than did low-fat interventions [27]. 
Other aspects of diet quality, such as 
the degree of processing, have im-
portant effects on long-term weight 
gain [28, 29], presumably mediated 
primarily by influencing satiety and 
energy intake.

In addition, dietary habits and 
the physiology of the host influence 
the intestinal microbiota, and dysbi-
osis (an imbalanced microbiota) has 
been linked to obesity [30].

Childhood obesity is an important 
contributor to adult obesity, diabetes, 
and NCDs. The trends in childhood 
obesity rates and the large varia-
tions in the rates and trends between 
countries provide useful insights into 
the drivers of the epidemic. Multiple 
biological, behavioural, family, and 
societal factors affect a child’s risk 
of developing obesity. Because chil-
dren are different from adults, spe-
cial efforts are needed to help them 
develop healthy eating patterns and 
physical activity behaviours and 
maintain an optimal body weight. 
Although genetic factors play a role 
in affecting individuals’ susceptibility 
to developing obesity, environmental 
factors should be the key targets of 
intervention efforts to fight the epi-
demic, because they are modifiable.

A major challenge is to capture 
life-course exposure and identify 
windows of susceptibility. The growth 
patterns of infants and children can 
be altered by early exposure to poor 
diet, increased consumption of sug-
ar-sweetened beverages, physical 
inactivity, tobacco smoke, and other 
environmental exposures, and these 
factors may result in altered me-
tabolism, obesity, and a high risk of 
chronic diseases in adulthood. How-
ever, adolescents are an understud-
ied group and merit further attention.

Further work on birth cohorts or 
other prospective studies in LMICs 
is likely to provide additional insights 
into developmental causes of obesi-
ty and NCDs. Although prospective 
studies are an important area of re-
search, as are nutrition surveillance, 
intervention, and implementation 
research, resources and expanded 
research capacity are of the highest 
priority. Input from local research 
communities, health ministries, and 
policy-makers and appropriate fund-
ing or resource assignment are crit-
ical for the success of new efforts in 
LMICs.

Conclusions and 
recommendations

The global epidemic of obesity and 
the double burden of malnutrition 
are both related to poor diet quality, 
and therefore improvement in diet 
quality can address both of these 
challenges.

The benefits of a healthy diet in 
terms of adiposity are likely mediat-
ed by effects of diet quality on en-
ergy intake, which is the main driver 
of weight gain. Energy balance is 
best assessed by changes in body 
weight or in fat mass. Measures of 
energy intake and expenditure are 
not precise enough to capture small 
differences that are of individual and 
public health importance. The quali-
ty of the diet may exert its effect on 
energy balance through complex 
hormonal and neural pathways that 
influence satiety and possibly also 
through other mechanisms.

Dietary patterns characterized 
by higher intakes of fruits and vege-
tables, legumes, whole grains, nuts 
and seeds, and unsaturated fat, and 
lower intakes of refined starch, red 
meat, saturated and trans-fatty acids, 
and sugar-sweetened foods and bev-
erages, consistent with a traditional 
Mediterranean diet and other mea-
sures of diet quality, can contribute 
to long-term weight control. Limiting 

consumption of sugar-sweetened 
beverages has a particularly impor-
tant role in weight control. Specifical-
ly concerning weight-loss trials, the 
available evidence does not support 
the role of reducing the percentage 
of energy from fat on weight loss. 
However, the reductions in fat may 
not have been low enough to observe 
an effect in these trials. As a matter 
of general principle, the effects of 
single macronutrients cannot be ad-
equately captured without specifying 
replacement or comparison sources 
of energy.

Genetic factors cannot explain the 
global epidemic of obesity. It is pos-
sible that factors such as genetics,  
epigenetics, and the microbiota can 
influence individual responses to 
diet and physical activity. Very few 
gene–diet interactions have been es-
tablished. Understanding the mech-
anisms underlying the relationship 
of adiposity to cancer may offer the 
possibility of identifying targets for 
prevention or treatment independent 
of adiposity.

Short-term studies have not pro-
vided clear evidence of the benefit of 
physical activity for weight control, but 
meta-analyses of longer-term trials in-
dicate a modest benefit for weight loss 
and weight maintenance. The combi-
nation of aerobic and resistance train-
ing seems to be optimal. Long-term 
epidemiological studies also support 
a mild benefit of physical activity on 
body weight. This includes benefits of 
walking and bicycle riding, which can 
be incorporated into daily life and be 
sustainable for the whole population. 
Physical activity has important health 
benefits independent of its effects on 
regulating body weight. In addition, 
long-term epidemiological studies 
show that sedentary behaviour (in 
particular television viewing) is related 
to increased risk of obesity, suggest-
ing that limiting sedentary time has 
potential for preventing weight gain.

The major drivers of the obesity 
epidemic are the food environment, 
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tory problems, sleep disorders, and 
liver disease. They may also suffer 
from psychological effects, such as 
low self-esteem, depression, and so-
cial isolation [2].

In 1997, the World Health Or-
ganization (WHO), recognizing the 
rapidly increasing prevalence of 
obesity and its overwhelming social, 
economic, and public health conse-
quences, held, for the first time, an 
Expert Consultation on Obesity [3]. 
The Expert Consultation reviewed 
the global prevalence of obesity 
and trends in obesity in children and 
adults, factors contributing to the 
problem of obesity, and associat-
ed consequences of obesity. It also 
examined the health and economic 
consequences of obesity and their 
impact on development, and devel-
oped recommendations to assist 
countries in developing comprehen-
sive public health policies and strat-
egies for improving the prevention 

Obesity is now well recognized 
as a disease in its own right, one 
that is largely preventable through 
changes in lifestyle, especially diet. 
Obesity is also a major risk factor 
associated with increased morbidity 
and mortality from many noncommu-
nicable diseases (NCDs).

Obesity in adulthood increases 
the likelihood of type 2 diabetes mel-
litus, hypertension, coronary heart 
disease, stroke, certain cancers, 
obstructive sleep apnoea, and os-
teoarthritis. It also negatively affects 
reproductive performance [1].

Overweight and obesity in child-
hood are associated with a higher 
probability of obesity in adulthood 
and may have devastating conse-
quences for this very vulnerable age 
group. Children who are overweight 
or obese are at a higher risk of de-
veloping serious health problems, 
including type 2 diabetes, high blood 
pressure, asthma and other respira-

and management of obesity. Since 
then, WHO has organized several 
technical meetings to address vari-
ous issues related to the prevention 
and control of obesity.

In 2012, 15 years after the first 
Expert Consultation on Obesity was 
held, the Sixty-fifth World Health As-
sembly endorsed the Comprehen-
sive Implementation Plan on Mater-
nal, Infant and Young Child Nutrition 
[4] together with the six global nutri-
tion targets to be attained by 2025 
[5]. One of the six global nutrition 
targets is to “ensure that there is no 
increase in childhood overweight”. 
To accelerate the efforts of WHO 
and to develop a comprehensive 
response to childhood obesity, the 
WHO Director-General established 
a high-level Commission on Ending 
Childhood Obesity (ECHO) in May 
2014.

In 2013, the Sixty-sixth World 
Health Assembly endorsed the Global 
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ly being made to fill this data gap, 
in particular for those aged 10–18 
years, and to generate estimates for 
prevalence of overweight and obesi-
ty in adolescents, using data avail-
able in 2016.

Therefore, this chapter focuses 
on obesity only in children younger 
than 5 years and in adults.

Defining overweight and 
obesity in children younger 
than 5 years

In 1993, WHO undertook a com-
prehensive review of the uses and 
interpretation of anthropometric ref-
erences. The review concluded that 
the United States National Center 
for Health Statistics (NCHS)/WHO 
child growth reference, which had 
been recommended for international 
use since the late 1970s, did not ad-
equately represent early childhood 
growth and that new growth curves 
were necessary. In 1994, the For-
ty-seventh World Health Assembly 
endorsed this recommendation. In 
response, WHO undertook the Mul-
ticentre Growth Reference Study 
(MGRS) between 1997 and 2003 to 
generate new curves for assessing 
the growth and development of chil-
dren worldwide.

The MGRS included 1737 breast-
fed infants and young children (894 
boys and 843 girls), who were from 
six geographically distinct sites (Bra-
zil, Ghana, India, Norway, Oman, and 
the USA) and were raised in environ-
ments that did not constrain growth. 
Rigorous methods of data collection 
and standardized procedures across 
study sites yielded data of very high 
quality. These data were used to 
develop the WHO Child Growth 
Standards [7], which were released 
in 2006, replacing the previously rec-
ommended 1977 NCHS/WHO child 
growth reference.

Based on the WHO Child Growth 
Standards, in children younger than 
5 years, overweight is defined as 

Action Plan for the Prevention and 
Control of NCDs 2013–2020, includ-
ing a set of nine voluntary global 
targets to be attained by 2025 and 
a global monitoring framework. One 
of the nine targets is to “halt the rise 
in diabetes and obesity”, and one im-
portant indicator related to this target 
is obesity in adolescents. However, 
identifying obesity during adoles-
cence is difficult, because of contin-
ual changes in body composition, 
differences in the age of onset of pu-
berty, and differential rates of fat ac-
cumulation. Prompted by the increas-
ing need to develop an appropriate 
single growth reference for screen-
ing and monitoring of school-aged 
children and adolescents, in 2007 
WHO developed a growth reference 
for these population groups (aged 
5–19 years), which is aligned with the 
WHO Child Growth Standards at age 
5 years and with the recommended 
adult cut-off points for overweight and 
obesity at age 19 years [6]. In school-
aged children and adolescents, the 
2007 WHO classification system de-
fines overweight as body mass index 
(BMI)-for-age > +1 standard devia-
tion (SD) from the WHO growth refer-
ence median (equivalent to a BMI of 
25 kg/m2 at 19 years) and obesity as 
BMI-for-age > +2 SD from the medi-
an (equivalent to a BMI of 30 kg/m2 at 
19 years) [6].

Unfortunately, WHO has not yet 
been compiling the data for this age 
group systematically and compre-
hensively, except in the WHO Eu-
ropean Region. The WHO Europe-
an Childhood Obesity Surveillance 
Initiative (COSI) was established in 
2007 by the action network on child-
hood obesity surveillance to provide 
regular and comparable data on 
overweight and obesity in primary 
schoolchildren. Selected schools in 
participating countries gather data 
according to an agreed protocol con-
taining core items and consisting of 
national representative samples. At 
the global level, efforts are current-

weight-for-height > +2 SD from the 
WHO Child Growth Standards medi-
an, and obesity as weight-for-height 
> +3 SD from the median. “At risk of 
overweight” is defined as weight-for-
height > +1 SD and ≤ +2 SD from 
the median.

Trends in overweight and 
obesity in children younger 
than 5 years

In September 2015, the United Na-
tions Children’s Fund (UNICEF), 
WHO, and the World Bank Group 
released updated joint child malnu-
trition estimates based on 778 na-
tional surveys, from 150 countries 
and territories, representing more 
than 90% of all children younger 
than 5 years globally. The prev-
alence of overweight in children 
younger than 5 years has been in-
creasing steadily, from 4.8% in 1990 
to 6.2% in 2015 (Fig. 1.1), despite 
overlapping 95% confidence inter-
vals across the years [8]. In 2014 
there were 41 million overweight 
children younger than 5 years in the 
world, about 10 million more than 
there were in 1990.

In 2014, almost half of all 
overweight children younger than 
5 years lived in Asia, and one quar-
ter lived in Africa. The number of 
overweight children younger than 
5 years in Africa has nearly doubled 
since 1990. The number of over-
weight children in lower-middle- 
income countries has more than 
doubled since 1990, from 7.5 mil-
lion to 15.5 million [8].

Classifying overweight and 
obesity in adults

BMI is calculated as the weight in 
kilograms divided by the square of 
the height in metres (kg/m2). It is 
commonly used to classify over-
weight and obesity in adults. BMI 
values are age-independent and the 
same for both sexes. However, BMI 
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may not correspond to the same de-
gree of fatness in different popula-
tions, due, in part, to differences in 
body proportions.

Because BMI does not measure 
fat mass or fat percentage and be-
cause there are no clearly estab-
lished cut-off points for fat mass or 
fat percentage that can be translated 
into cut-offs for BMI, the WHO Ex-
pert Committee on Physical Status: 
the Use and Interpretation of An-
thropometry [9], which met in 1993, 
decided to express different levels  
of high BMI in terms of degrees of 
overweight rather than degrees of 
obesity, which would imply knowl-
edge of body composition.

For adults, the 1993 Expert Com-
mittee [9] proposed a BMI classifi-
cation with cut-off points of 25, 30, 
and 40 kg/m2 for the three degrees 
of overweight as shown in Table 1.1.

This classification is based pri-
marily on the association between 
BMI and mortality, and the following 
considerations are important in inter-
preting these cut-off points [9].
•  The recommended cut-offs are ap-

propriate for identifying the extent 
of overweight in individuals and 
populations, but they do not imply 
targets for intervention.

•  The broad ranges of BMI do not 
imply that the individual can fluc-
tuate within this range without 

consequence; for example, for an 
individual of height 1.75 m, the BMI 
range of 18.5–25 kg/m2 covers a 
weight range of 20 kg. Weight gain 
in adult life may be associated with 
increased morbidity and mortality 
independently of the original de-
gree of overweight.

•  The cut-off points for degrees of 
overweight should not be interpret-
ed in isolation but should always be 
interpreted in combination with oth-
er determinants of morbidity and 
mortality (disease, smoking, blood 
pressure, serum lipids, glucose in-
tolerance, type of fat distribution, 
etc.).

The 1997 WHO Expert Consulta-
tion on Obesity [3] reiterated the BMI 
classification of overweight and obe-
sity as shown in Table 1.2.

The classification shown in Ta-
ble 1.2 is  in agreement  with  the 
one recommended by the 1993 Ex-
pert Committee (Table 1.1), except 
that obesity is classified as a BMI 
≥  30  kg/m2 and it also includes an  
additional subdivision at a BMI of 
35.0–39.9  kg/m2  in recognition of 
the fact that management options for 
dealing with obesity differ above a 
BMI of 35 kg/m2.

Table 1.2 shows a simplistic re-
lationship between BMI and the risk 
of comorbidity, which can be affected 
by a range of factors, including the 
nature of the diet, ethnicity, and ac-
tivity level. The method used to es-
tablish BMI cut-off points has been 
largely arbitrary. Therefore, it was 
considered that perhaps popula-
tion-specific BMI cut-off points may 
be required to more accurately iden-
tify overweight and obesity in differ-
ent population groups, in particular 
in Asian populations.

To address this debate, WHO 
held an Expert Consultation in 2002 
to review and assess the issues re-
lated to whether population-specif-
ic BMI cut-off points are needed in 
Asian populations [10]. The Expert 
Consultation reviewed the scientific 

Table 1.1. Classification of BMI proposed by the 1993 WHO Expert Com-
mittee on Physical Status

Classification BMI (kg/m2)

Normal range 18.50–24.99

Grade 1 overweight 25.00–29.99

Grade 2 overweight 30.00–39.99

Grade 3 overweight ≥ 40.00

BMI, body mass index.
Source: Compiled from WHO (1995) [9].

Fig. 1.1. Trend in the prevalence of overweight in children younger than 5 
years (and 95% confidence intervals), according to the latest child malnutri-
tion estimates from UNICEF, WHO, and World Bank Group (2015) [8].
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evidence on the relationships be-
tween BMI, percentage of body fat, 
and health risks in Asian populations, 
which has suggested differences in 
these relationships compared with 
those observed in European popula-
tions. The Expert Consultation con-
cluded that the proportion of Asian 
people who are at a risk of developing 
type 2 diabetes and cardiovascular 
disease is substantial at BMI levels 
below the existing WHO BMI cut-
off point for overweight (25 kg/m2).  
However, the currently available 
data do not necessarily indicate one 
clear BMI cut-off point for all Asians 
for overweight or obesity. The BMI 
cut-off point for observed risk in dif-
ferent Asian populations varies from 
22 kg/m2 to 25 kg/m2; for high risk, 
it varies from 26 kg/m2 to 31 kg/m2. 
Therefore, no attempt was made to 
redefine BMI cut-off points for each 
population separately. Rather, the 
Expert Consultation identified poten-
tial public health action points along 
the continuum of BMI (23.0, 27.5, 
32.5, and 37.5 kg/m2) and proposed 
methods by which countries could 
make decisions about the defini-
tions of increased risk for their pop-
ulations. It was further agreed that 
the current WHO BMI cut-off points 
should be retained as international 
classifications.

Furthermore, the 1997 WHO Ex-
pert Consultation also recommend-

ed that waist circumference (WC) be 
used in addition to BMI as indicative 
of abdominal fatness associated 
with an increased risk of metabolic 
and other complications associated 
with obesity [3]. However, the Expert 
Consultation concluded that global-
ly applicable cut-off points for WC 
or waist–hip ratio (WHR), which is 
another possible indicator of abdom-
inal fatness, could not be developed 
at that stage due to the fact that 
populations differ in the risks asso-
ciated with a particular WC or WHR. 
In 2008, WHO organized an Expert 

Consultation to review the scientific 
evidence and draw up clear recom-
mendations on the issues related to 
WC and WHR in adults [11]. Given 
the limited data available, the Expert 
Consultation did not recommend ac-
tual cut-off points for WC or WHR 
but provided guidance and steps 
to be taken to arrive at appropri-
ate WHO recommendations in this  
critical area.

Trends in obesity in adults

The prevalence of obesity in adults 
has been increasing in all coun-
tries. In 2014, 39% of adults aged 
18 years and older (38% of men and 
40% of women) were overweight. 
The worldwide prevalence of obesity 
nearly doubled between 1980 and 
2014 [1] (Fig. 1.2).

In all WHO regions, women are 
more likely to be obese than men [1] 
(Fig. 1.3). The prevalence of over-
weight and obesity generally increas-
es with the income level of countries. 
The prevalence of obesity in high- 
income  and  upper-middle-income 
countries is more than double that in 
low-income countries [1] (Fig. 1.4).

Table 1.2. Classification of BMI proposed by the 1997 WHO Expert Consul-
tation on Obesity

Classification BMI (kg/m2) Risk of comorbidities

Underweight < 18.50 Low (but risk of other clinical problems  
increased)

Normal range 18.50–24.99 Average

Overweight
Pre-obese
Obese class I
Obese class II
Obese class III

≥ 25.00
25.00–29.99
30.00–34.99
35.00–39.99
≥ 40.00

 
Increased
Moderate
Severe
Very severe

BMI, body mass index.
Source: Reprinted with permission from WHO (2000) [3].

Fig. 1.2. Trend in the prevalence of obesity in adults. Red dashed line: data 
from Stevens et al. (2012) [12]. Blue diamond: latest obesity estimate for 
adults, from WHO (2014) [1]. The corresponding 95% confidence intervals 
are shown.
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Fig. 1.3. Mean body mass index (kg/m2), for people aged 18 years and older, in 2014 (age-standardized estimate): 
(a) women, (b) men. Source: WHO.
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 Discussion

The prevalence of obesity has been 
constantly increasing during the past 
30 years. An increasing number of 
countries are affected, and low-in-
come countries are not spared. 
Obesity has increasingly been con-
sidered to be a life-course condition, 
with its roots being established dur-
ing pregnancy and with an intergen-
erational cycle, overlapping with the 
secular trend.

There is increasing evidence in-
dicating the importance of the early- 
life environment in mitigating the risk 
of obesity later in life. Intrauterine 
life, infancy, and the preschool peri-
od have all been considered as crit-
ical periods during which the long-
term regulation of energy balance 
may be programmed. Therefore, 
taking a life-course perspective [13] 
has great potential for identifying the 
challenges, as well as the opportuni-
ties, for taking action to address the 

increasing public health problem of 
overweight and obesity in children, 
with an emphasis on prevention in 
children younger than 5 years [14].

In childhood, in some countries, 
the epidemic of overweight and obe-
sity exists alongside a continuing 
problem of undernutrition and mi-
cronutrient deficiencies, creating a 
“double burden” of nutrition-related 
health issues. Therefore, actions to 
prevent and control childhood over-
weight and obesity need to go hand 
in hand with actions to achieve the 
other global nutrition targets: in-
creasing the rate of exclusive breast-
feeding in the first 6 months, reduc-
ing the number of children younger 
than 5 years who are stunted, re-
ducing the prevalence of anaemia in 
women of reproductive age, reducing 
the rate of childhood wasting, and re-
ducing the rates of low birth weight.

Countries are expected to take 
action to incorporate the global nu-
trition targets and NCD targets and 

their indicators into their national 
surveillance system to be able to 
monitor their progress towards halt-
ing the increase in the prevalence of 
overweight in children and of obesity 
in adolescents and adults. The data 
gap on the overweight and obesity 
status of adolescents needs to be 
overcome quickly.

Overweight and obesity are com-
plex and multifaceted problems. 
As a result, coherent and compre-
hensive strategies are needed to 
effectively and sustainably prevent 
and manage these conditions. Al-
though evidence on what works as 
a package of interventions for obe-
sity prevention is limited, much is 
known about promotion of healthy 
diets and physical activity, which are 
key to attaining the obesity-related  
global nutrition targets and NCD tar-
gets by 2025.

Prevention policies, which affect 
a country’s entire population, are 
imperative. The European Char-
ter on counteracting obesity [15], 
adopted at the WHO European 
Ministerial Conference on Counter-
acting Obesity, held in November 
2006, advocated for a package of 
essential actions, including the pro-
tection, promotion, and support of 
breastfeeding; changes in the food 
environment (reduction of marketing 
pressure, particularly to children; en-
suring access to and availability of 
healthier food, including fruits and 
vegetables; economic measures 
that facilitate healthier food choices; 
reduction of fat, free sugars, and salt 
in manufactured products; and pro-
vision of healthier foods in schools); 
changes in the physical environment 
(offers of affordable recreational/ex-
ercise facilities, including support for 
socially disadvantaged groups; pro-
motion of cycling and walking by bet-
ter urban design and transport poli-
cies; creation of opportunities in local 
environments that motivate people 
to engage in leisure-time physical 
activity; and opportunities for daily 

Fig. 1.4. Prevalence of obesity by income level of countries. Source: WHO 
Global Health Observatory data (http://www.who.int/gho/ncd/risk_factors/
overweight/en/index2.html).
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physical activity in schools); and the 
promotion of healthy lifestyles (fa-
cilitating and motivating people to 
adopt better diets and physical activ-
ity in the workplace; developing/im-
proving national food-based dietary 
guidelines and guidelines for physi-
cal activity; and individually adapted 
health behaviour change).

Similar regional initiatives are 
also being implemented in several 
WHO regional offices to accelerate 
action in counteracting the increas-
ing problem of obesity. For example, 
countries of the Americas took a gi-
ant step forward in the fight against 
the rising epidemic of obesity when 
they unanimously signed on to the 
new 5-year Plan of Action for the 
Prevention of Obesity in Children 
and Adolescents [16], during the 
Fifty-third Directing Council of the 
Pan American Health Organization 
(PAHO), which was also the Six-
ty-sixth Session of the WHO Re-
gional Committee for the Americas, 
held in September–October 2014. 
Among other measures, the plan 

calls for fiscal policies and regula-
tion of food marketing and labelling, 
improvement of school nutrition and 
physical activity environments, and 
promotion of breastfeeding and 
healthy eating. Its goal is to halt  
the rise of the epidemic so that there 
is no increase in current country 
prevalence rates of obesity. To sup-
port countries in implementing the 
plan of action, PAHO is providing 
evidence-based information to in-
form the development of policies and 
regulations, regional nutrition guide-
lines for preschool and school feed-
ing programmes, and guidelines for 
foods and beverages sold in schools. 
In addition, PAHO is supporting the 
adoption of indicators of obesity, will 
develop and maintain a database of 
nationally representative figures on 
overweight and obesity prevalence, 
and will monitor activities related to 
the implementation of policies, laws, 
and programmes in the Americas.

In October 2014, at the Sixty-fifth 
Session of the WHO Regional Com-
mittee for the Western Pacific, Mem-

ber States supported the Action Plan 
to Reduce the Double Burden of 
Malnutrition in the Western Pacific 
(2015–2020) [17]. The plan address-
es the rising double burden of mal-
nutrition reflected in the unfinished 
agenda of reducing undernutrition 
and the rising burden of diet-relat-
ed NCDs. It recommends actions 
to achieve five objectives: elevating 
nutrition in the national development 
agenda; protecting, promoting, and 
supporting optimal breastfeeding 
and complementary feeding prac-
tices; strengthening and enforcing 
legal frameworks that protect, pro-
mote, and support healthy diets; im-
proving the accessibility, quality, and 
implementation of nutrition services 
across public health programmes 
and settings; and using financing 
mechanisms to reinforce healthy di-
ets. The WHO Regional Committee 
for the Western Pacific is supporting 
countries in adopting the 2025 global 
nutrition targets and translating the 
targets into actions suitable for the 
country context.
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overnutrition that exacerbates the 
risk of noncommunicable diseases 
(NCDs), the prevalence of which is 
rising rapidly in low- and middle-in-
come countries (LMICs) [2, 3]. Un-
dernutrition during pregnancy, which 
affects fetal growth, and during the 
first 2 years of life is a major deter-
minant of the risk of both stunting 
of linear growth and subsequent 
obesity and NCDs in adulthood [4]. 
Fast weight gain and linear growth 
in children in LMICs are associated 
with better survival and improved 
cognitive development but might be 
associated with an increased risk of 
obesity and cardiometabolic diseas-
es in later life, particularly for rapid 
weight gain after age 2 years [5].

Malnutrition affects all countries 
and one third of people worldwide. 
Almost 1 billion people continue to be 
undernourished, with an insufficient 

The double burden of malnutri-
tion (DBM) (sometimes referred to 
as “malnutrition in all its forms”) is 
the coexistence of undernutrition (in-
cluding macronutrient and micronu-
trient deficiencies) and overnutrition 
in the same population across the 
life-course [1]. Undernutrition is the 
result of insufficient intake, poor ab-
sorption, and/or poor biological use 
of the nutrients. Overnutrition is the  
result of excess or imbalanced  
nutrient intakes, which can result in  
impaired body functions as well as  
overweight and/or obesity. In most re-
gions, undernutrition and overnutrition  
coexist in the same country, in the 
same community, or even in the 
same household.

There is a complex interplay be-
tween early undernutrition (in moth-
ers before and during pregnancy, 
and in early childhood) and later 

intake of calories, protein, and mi-
cronutrients [6], and currently about 
2 billion people are overweight. 
Nearly half of all countries face mul-
tiple serious burdens of malnutrition, 
such as poor child growth, micro-
nutrient deficiency, and adult over-
weight. The cost of treating NCDs, 
of which nutrition-related NCDs 
are the major share, is likely to be 
US$ 30 trillion globally over the next 
20 years [7]. Of the top 20 determi-
nants of global deaths, 14 are related 
to diet and nutrition. Obesity now has 
the third highest global social burden 
(US$ 2.0 trillion, or 2.8% of global 
gross domestic product [GDP]), only 
marginally less than those of tobac-
co and armed violence, war, and civil 
disorder [8].

This chapter summarizes the ev-
idence on the DBM in LMICs in vari-
ous geographical areas of the world.
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The prevalence of obesity varies 
widely across regions. It is highest 
in Latin America and the Caribbe-
an, the Middle East, and Oceania. 
Globally, the prevalence of obesi-
ty in preschool children was 6.7%. 
The average prevalence was 8.5% 
in Africa (17% in North Africa, but 
< 6.4–8.7% in other parts of this 
region) and 6.9% in Latin America. 
The lowest prevalence (4.9%) was in 
Asia. However, because of its larger 
population, Asia is estimated to have 
the highest number of overweight/
obese children [9, 11] (see Fig. 2.1 
and Box 2.2).

The causes of obesity have been 
grouped into four broad cross-cutting 
themes: the biological/health envi-
ronment, the economic/food environ-
ment, the physical/built environment, 

Global situation and trends  
in the DBM

Globally, the prevalence of stunting 
and wasting (see Box 2.1) in pre-
school children in LMICs has declined 
during the past two to three decades, 
whereas rates of overweight/obesity 
have been rising at a faster rate than 
the declines in the rates of stunting 
and wasting [9–11]. Stevens et al. 
[10], using nationally representative 
data for 141 developing countries for 
the period 1985–2011 from the World 
Health Organization (WHO) and oth-
er sources, showed that in 2011, the 
average prevalence of moderate 
and severe stunting (height-for-age 
< −2 standard deviations from the 
median) was 29.9%. The number of 
children with moderate and severe 
stunting was highest in South Asia, 
followed by sub-Saharan Africa and 
South-East Asia, and much lower 
in Latin America, the Middle East, 
and North Africa. The differences in 
the prevalence of stunting among 
preschool children in LMICs were 
greater between income groups than 
between urban and rural areas of 
residence [4].

and the sociocultural environment. 
In LMICs, overweight and obesity in 
adults were recognized much earlier 
than in children. Between 1980 and 
2008, global (including LMICs and 
high-income countries [HICs]) mean 
increases in body mass index (BMI) 
were 0.4 kg/m2 per decade in men 
and 0.5 kg/m2 per decade in women 
[12]. In men, increases in BMI were 
observed in almost all regions, but in 
women the largest increase in BMI 
was in Oceania and the smallest was 
in central/eastern Europe and cen-
tral Asia. Globally, the prevalence of 
obesity (BMI ≥ 30 kg/m2) in 2008 was 
9.8% in men and 13.8% in women. 
Overweight accounted for about 37% 
of the global burden of disease in 
2013 [11]. Between 1990 and 2010, 
the annual increase in the prevalence 

Underweight. Moderate and 
severe:  weight-for-age  <  −2 
standard deviations (SD) from 
the  median  weight-for-age  of 
the reference population. Se-
vere:  weight-for-age  <  −3  SD 
from the median weight-for-age 
of the reference population.

Wasting. Moderate and severe: 
weight-for-height < −2 SD from 
the median weight-for-height of 
the reference population.

Stunting. Moderate and se-
vere:  height-for-age  <  −2  SD from 
the median height-for-age of the 
reference population.

Box   2.1. Cut-off points used to 
classify underweight, wasting, and 
stunting

Fig. 2.1. Prevalence of underweight, stunting, wasting, and overweight/
obesity in children younger than 5 years, by region (LMICs, low- and middle-
income countries). Data for underweight, stunting, and wasting from Table 3 
in Black et al. (2013) [4]; data for overweight/obesity (weight-for-height > +2 
standard deviations from the median) from Table 4 in de Onis et al. (2010) [9].
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Stunting of young children, which reflects both maternal and child un-
dernutrition, affects about one quarter of the world’s children. Over-
weight and obesity affect about one third of adults and about 10% of 
children worldwide. Whereas the rates of stunting and wasting have 
declined over the past two decades, the rates of obesity have risen, with 
the most rapid rates of increase in Latin America and the Caribbean, 
the Middle East, and Oceania. High rates of stunting persist in many 
parts of the world, particularly South Asia, where disparities between 
income groups are greater than those between urban and rural areas 
of residence.

Box 2.2. The double burden of malnutrition in low- and middle-income countries
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of overweight (BMI ≥ 25 and < 30 kg/
m2) in women aged 19–49 years in 
LMICs was highest (0.9% per year) 
in the Middle East and North Africa, 
where the prevalence of overweight 
was 70.6% in 2010, and lowest (0.3% 
per year) in Latin America and the 
Caribbean, where the prevalence 
was 56.7% in 2010 [13]. In contrast, 
underweight (BMI < 18.5 kg/m2) still 
predominated in South Asia, with a 
prevalence of 30.2%, compared with 
a prevalence of 16.8% for overweight. 
In East Asia and the Pacific and in 
sub-Saharan Africa, the prevalence 
of overweight (26.5% and 22.2%, 
respectively) in 2010 was greater 
than that of underweight (7.9% and 
12.1%, respectively). Finally, sub-
stantial increases in the prevalence 
of overweight or obesity were also 
observed in children and adolescents 
in developing countries (where the 
prevalence in 2013 was 12.9% for 
boys and 13.4% for girls) as well as in 
developed countries (where the prev-
alence in 2013 was 23.8% for boys 
and 22.6% for girls) [11].

Much more limited data are 
available on the prevalence of over-
weight and obesity in pregnant and 
lactating women; most of the na-
tionally representative surveys do 
not include these vulnerable groups. 
Overweight/obesity in women of re-
productive age before pregnancy 
was shown to pose potential health 
risks during pregnancy (gestational 
diabetes, hypertensive disorders) 
and, alone or together with high ges-
tational weight gain, resulted in poor 
birth outcomes (e.g. large for gesta-
tional age) [14, 15]. The prevalence 
and impacts of the DBM before and 
during pregnancy and the interaction 
between undernutrition and overnu-
trition at these critical times have not 
been thoroughly explored, although 
a few hospital-based studies have 
been reported. Poor maternal nu-
trition has also been linked to poor 
birth outcomes and an increased risk 
of NCDs among the offspring in later 

life. Maternal and child undernutri-
tion in the aggregate has been es-
timated to be a cause of 3.1 million 
child deaths annually, or 45% of all 
child deaths in 2011 [4].

Common micronutrient deficien-
cies in women and children that are 
of public health importance in LMICs 
(and persist in sectors of HICs) in-
clude deficiencies of vitamin A, iron, 
iodine, and recently, also folate, zinc, 
and vitamin D; many of these defi-
ciencies coexist in the same individ-
uals, suggesting that poor-quality di-
ets, poor sanitation, and inadequate 
health care are major contributory 
factors [16, 17]. Anaemia (presum-
ably due to iron deficiency, with a 
prevalence of 37–46% in women and 
children) and iodine deficiency dis-
orders separately affect about 2 bil-
lion people in both developed and 
developing countries, and vitamin A 
deficiency (with a prevalence of 10–
12%) is still common in developing 
countries [18]. Muthayya et al. [19] 
defined a “hidden hunger index” by 
combining the national prevalence 
of and the disability-adjusted life 
years (DALYs) attributable to stunt-
ing, iron-deficiency anaemia, vitamin 
A deficiency, and iodine deficiency 
in school-aged children to map the 
global spread of hidden hunger. Hot 
spots were found in most countries 
in sub-Saharan Africa (where the 
prevalence was highest) and South 
Asia. Moreover, recent evidence 
has shown that deficiencies of iron 
and iodine also exist in overweight 
and obese women. Metabolic distur-
bances related to overweight/obe-
sity, in addition to poor diets, have 
been postulated to affect micronutri-
ent (iron and iodine) metabolism in 
women and children [20].

Drivers of the DBM

Wherever people live – whether they 
are rural smallholders, urban poor, 
or urban better-off – they all use 
food systems to procure the food 

they eat. The majority of the global 
hungry live in rural areas and are 
smallholder farmers who produce 
most of the food they eat. Improv-
ing nutrition for this sector requires 
an understanding of the factors that 
currently constrain their access to 
sufficient healthy, nutritious food. In-
creasingly, these rural smallholders 
are purchasing unhealthy, cheap 
processed foods. With economic de-
velopment, there is a shift away from 
diets based largely on minimally pro-
cessed staple foods to diets high in 
meat, vegetable oils, and processed 
foods [21–23] (see Box 2.3). This un-
healthy transition has been accom-
panied by large numbers of people 
consuming excess calories, thereby 
contributing to overweight and obe-
sity in more than 2 billion people in 
2013 [11], while micronutrient defi-
ciencies persist because the nutrient 
quality of these foods is poor.

Three important changes have 
taken place in the industrialized food 
system that increasingly dominates: 
(i) the opening of domestic markets 
to international food trade and for-
eign direct investment; (ii) the sub-
sequent increased entry of trans-
national food companies and their 
g lobal   market,   and  ( i i i )   g lobal 
food advertising [24–26]. These 
changes have made energy-dense, 

Food patterns are changing 
dramatically in LMICs, away 
from diets based on minimal-
ly processed staple foods to 
diets that are higher in meats, 
oils, and ultra-processed foods 
and beverages high in fat, salt, 
and added sugar. These chang-
ing patterns are driving excess 
calorie intake and are linked to 
obesity and NCDs; at the same 
time, these low-quality diets 
are not meeting micronutrient 
needs, and thus these patterns 
are driving the DBM.

Box 2.3. Changing food patterns in 
low- and middle-income countries
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nutrient-poor foods relatively more 
readily available, affordable, and ac-
ceptable than nutritious foods [27]. 
Ultra-processed foods are now the 
major sources of sugar, salt, and fats 
in most diets around the world. Total 
consumption of processed foods is 
now positively associated with excess 
energy intake and obesity, and with 
rising rates of diabetes and NCDs.

Drivers of increased consumption 
of ultra-processed foods – particular-
ly in Asia, where the change is most 
dramatic and is closely linked to ris-
ing rates of obesity – include rising 
household incomes, rapid urbaniza-
tion, and increasing female economic 
participation, which may be driving 
the demand for convenience foods. 
This demand for ultra-processed 
foods and beverages is also being 
driven by national and transnational 
food companies using aggressive, 
unregulated marketing of processed 
foods and beverages. To date, in most 
LMICs, the marketing of foods and 
non-alcoholic beverages is unregu-
lated; where regulations are in place, 
they tend to be voluntary codes and 
are poorly monitored and enforced. 
WHO guidance on best practice for 
such marketing [28] is rarely followed.

In addition, there has been a rap-
id expansion of supermarkets and 
fast-food companies. For example, 
the number of international food 
franchises in the Asia-Pacific region 
expanded from 1458 in 1991 to 6775 
in 2001 [29]. People in countries with 
industrial and mixed food systems 
consume on average 80–90 kg per 
person per year of energy-dense, 
ultra-processed foods, with add-
ed salt, refined sugars, and low 
amounts of essential micronutrients. 
People in countries with emerging 
and rural food systems consume on 
average 20–30 kg of ultra-processed 
foods per person per year. Nonethe-
less, consumption of packaged food 
is growing fastest in transitioning, 
emerging, and rural food systems 
[30].

Although consumption of pro-
cessed foods and soft drinks is high-
est in HICs, growth rates are most-
ly declining or stagnating in HICs, 
whereas they are rising rapidly in 
LMICs. Between 1996 and 2002, 
sales of processed (packaged) foods 
grew by 28% in LMICs, compared 
with only 2.5% in HICs. In Viet Nam, 
consumption of ultra-processed food 
increased 3.6-fold, from 10.7 kg per 
capita in 1999 to 38.7 kg per capita 
in 2013. Volumes of consumption of 
soft drinks (sodas, sugar-sweetened 
beverages) have been increasing 
in almost all countries. Thailand, In-
donesia, and the Philippines have 
consumption patterns comparable 
to those of HICs. In Viet Nam, re-
tail sales of frozen processed food, 
cheese, and chocolate confection-
ery grew by 24%, 15%, and 13%, 
respectively, in 2013, and consump-
tion of sugar-sweetened beverages 
rose by about one third from 2010 to 
2014, to 836 million litres.

For many LMICs, government 
policy does not address the driv-
ers of the DBM. Most governments 
continue to have polarized policies 
that focus efforts separately on un-
dernutrition and overnutrition in dif-
ferent target populations. They also 
tend to focus on individual behaviour 
change or specific interventions, 
such as fortification and supplemen-
tation, although with an increasing 
emphasis on reformulation of less 
healthy foods. Little consideration 
has been given to the impact of fiscal 
and regulatory policies on the mar-
keting of unhealthy foods and bev-
erages, particularly to children, or to 
the impact of agricultural policies on 
the quality of the diet.

The DBM and NCDs

Despite the abundance of knowl-
edge about the substantial burden 
of cancer that is attributable to obe-
sity, there is a significant research 
gap between LMICs and HICs. Most 

available research has focused 
on Caucasians in HICs, where the 
combinations of risk factors and 
exposures may differ from those in 
LMICs. The acquisition by people in 
LMICs of diet and lifestyle habits typ-
ical of industrialized countries, par-
ticularly among the poorest people, 
has produced changing patterns of 
diseases.

In East Asia and the Pacific, 
the DALYs lost due to high BMI in-
creased by 198% between 1990 and 
2010, nearly 2.5 times the global av-
erage [31]. Overweight and obesity 
are key underlying risk factors for the 
growing burden of NCDs, particular-
ly diabetes, heart disease, and cer-
tain cancers. NCDs are already the 
leading cause of death in 12 Pacific 
Island countries; importantly, at least 
one quarter of the deaths from NCDs 
in Tonga, Samoa, and Vanuatu are 
premature [32].

Currently, the most frequent-
ly diagnosed cancers in LMICs are 
tumours of the lung, female breast, 
stomach, liver, colorectum, cer-
vix, and oesophagus [33]. The in-
crease in the burden of NCDs may 
be explained partly by demographic 
changes; however, changes in life-
style factors and globalization relat-
ed to diet (increased consumption 
of highly processed foods, red meat, 
and sugar-sweetened beverages) 
and increases in sedentary behav-
iour are also increasingly being 
recognized as major contributors to 
the increase in the burden of NCDs, 
including cancer [34]. Interactions 
between undernutrition and the im-
mune response remain unresolved 
and are now further complicated by 
the rising impact of obesity. A major 
challenge is to capture life-course 
exposure and identify windows of 
susceptibility. The growth patterns 
of infants and children can be al-
tered by early exposure to poor diet,  
increased consumption of sugar- 
sweetened beverages, dietary con-
taminants (e.g. mycotoxins), physical 
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inactivity, tobacco smoke, and other 
environmental exposures, including 
those from the way foods are pro-
duced, and these factors may result 
in altered metabolism, obesity, and a 
high risk of chronic diseases in adult-
hood [14].

Discussion

The rapidly changing dietary pat-
terns unfolding in LMICs provide an 
important window of opportunity to 
study the impact of these changes 
on health outcomes. In particular, re-
search conducted in these dynamic 
environments can help fill the gaps in 
our knowledge as to which of these 
factors can explain the increases in 
the risk of NCDs, including cancer, 
observed across different popula-
tions. Strengthening the evidence 
base will support the development 
of more effective policies and pro-
grammes to prevent and amelio-
rate the growing burden of NCDs in 
LMICs.

Adopting a food systems ap-
proach to the DBM provides the op-
portunity to explore how a coherent 
approach to the way food is grown, 
processed, and sold can address 
both the quality and the quantity of 
the food supply. Thus, a coherent 
approach that focuses on food sys-

tems and food security can ensure 
that those who are currently not get-
ting enough of the right food can im-
prove the quality of their diet, without 
healthy foods being displaced by the 
cheap, unhealthy, ultra-processed 
foods high in fat, salt, and sugar that 
are driving the rise in rates of obe-
sity and diet-related NCDs. There is 
the potential for a win–win solution, 
with all forms of malnutrition being 
reduced.

Food consumption and dietary 
choices are culturally structured from 
birth. In some cultures food is seen 
merely as a source of energy for the 
body, whereas in other cultures food 
is considered to be part of social 
bonding and an essential feature of 
cultural or religious experiences. The 
available global nutrition data are 
often limited to weight and height, 
with poor or limited data available 
on dietary patterns or more detailed 
aspects of nutritional status, such as 
body composition or biochemical/
metabolic status. There is often not 
even agreement about how best to 
measure nutritional status in infants 
and children and what cut-offs to 
use for adults from different regions 
of the world. Limited data are avail-
able on the impact of poor nutrition 
at different stages of the life-course 
on subsequent longer-term health. 

The wider socioecological determi-
nants of change in nutrition-related 
behaviours need to be assessed. 
Understanding how local, nation-
al, and international food systems 
shape consumption is important to 
help guide local policy responses. 
To influence positive change and to 
protect desirable culinary traditions, 
it is vital that the link between culture 
and nutritional choice be acknowl-
edged, understood, and addressed 
for each specific context.

To date, most of the evidence 
that supports global nutrition pol-
icy comes from HICs, with limited 
data from surveillance surveys and 
cross-sectional studies available 
from LMICs. The lack of data from 
LMICs is a function of limited sup-
port for infrastructure and human 
capacity to undertake and lead the 
research and data collection from 
within countries. Without consid-
eration of how to build and support 
this capacity, the opportunities that 
arise to learn from the rapid dietary 
changes that are occurring will be 
lost. It will also be difficult to provide 
reliable surveillance data for key in-
dicators to assess progress on glob-
al targets for both NCDs and infant 
and young child nutrition. Global 
funders need to consider how to 
support this capacity within LMICs.

•  Half of all stunted and overweight children in the world live in LMICs, where rates of obesity are rising, 
particularly in Asia.

• Micronutrient deficiencies persist.
• There are more premature deaths from NCDs in LMICs than in HICs.
• Early undernutrition and later overnutrition exacerbate the risk of NCDs.
•  Changing food patterns and food systems are driving the rising rates of overweight, while not addressing 

micronutrient deficiencies.
•  The policy response is polarized and is not addressing the DBM in a coherent way; the drivers of the food 

systems need to be addressed.
• The capacity and evidence base in LMICs are limited, which is weakening the policy commitment to action.

Key points
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•  Study the impact of the nutrition transition on health outcomes in LMICs, to strengthen the evidence base 
to support the development of more effective policies and programmes to prevent and ameliorate the 
growing burden of NCDs in LMICs.

•  Adopt a food systems approach to the DBM, to explore how a coherent approach to the way food is grown, 
processed, and sold can address both the quality and the quantity of the food supply (a win–win approach 
to reduce all forms of malnutrition).

• Assess the wider socioecological determinants of change in nutrition-related behaviours.
•  Understand how local, national, and international food systems shape consumption, to help guide local 

policy responses.
•  Assess the link between culture and nutritional choice for each specific context, to influence positive change 

and to protect desirable culinary traditions.
•  Identify and validate key indicators for reliable surveillance to assess progress on global targets for both 

NCDs and infant and young child nutrition.
•  Build and support infrastructure and human capacity to undertake and lead the research and data collection 

from within LMICs.
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chapter 3.  

Can energy intake and 
expenditure (energy balance)  

be measured accurately  
in epidemiological studies?  

Is this important?
Walter C. Willett and Changzheng Yuan

have argued that self-reported ener-
gy intake has no value and should 
be abandoned, and have extended 
this argument to all self-reported 
information. Others [4–8] have sug-
gested that it is not realistically pos-
sible to measure energy intake and 
expenditure with sufficient precision 
in epidemiological studies to assess 
energy balance, but that this is not 
a serious problem because other 
means can be used to evaluate the 
effects (e.g. on disease incidence or 
mortality) of energy balance as an 
exposure and to study the determi-
nants (e.g. dietary factors and phys-
ical activity) of energy balance as an 
outcome.

In this chapter, the factors con-
tributing to energy balance and the 
measurement of these factors are 
reviewed. Notably, energy intake and 
expenditure have important roles in 
human health, and in epidemiologi-

The roles of energy intake and 
expenditure are extremely important 
in human health and disease, for 
many reasons. Thus, the assess-
ment and interpretation of energy 
intake and expenditure are major 
issues in epidemiological studies. 
Overweight and obesity have been 
recognized to be major risk factors 
for cancer, cardiovascular disease, 
diabetes, and many other health 
conditions. Therefore, the difference 
between energy intake and expendi-
ture, frequently referred to as energy 
balance, has become of great inter-
est, because of its direct relationship 
to long-term gain or loss of adipose 
tissue.

For this reason, questions have 
arisen about whether energy intake 
and expenditure can be measured 
adequately in epidemiological stud-
ies, to enable energy balance to be 
assessed adequately. Some [1–3] 

cal studies, independent of their con-
tribution to energy balance; although 
these other applications are not the 
focus of this chapter, they are also 
mentioned.

Components of total energy 
expenditure

Total energy expenditure has tradi-
tionally been partitioned into several 
components: resting metabolic rate 
(RMR), physical activity, thermo-
genic effect of food, and adaptive 
thermogenesis (Fig. 3.1) [9]. RMR 
is quantitatively the most impor-
tant, making up approximately 60% 
of total energy expenditure in an 
individual with moderate physical 
activity. In a moderately active indi-
vidual, physical activity accounts for 
approximately 30% of total energy 
expenditure. The thermogenic effect 
of food (i.e. the metabolic cost of 
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diction models based on age, weight, 
and sex have been developed [4]. In 
principle, height should also be add-
ed to the prediction models because, 
for the same weight, a taller person 
would be leaner, but height appears to 
add minimal variability. Because age, 
weight (or body mass index [BMI] plus 
height), and sex are routinely covari-
ates in epidemiological studies, RMR 
is reasonably controlled for in most 
epidemiological analyses.

After age, weight, and sex have 
been controlled for, physical activity 
assumes a relatively large role in de-
termining the variation in energy ex-
penditure among free-living individu-
als. The true proportion of variation 
in energy expenditure accounted for 
by physical activity differs substan-
tially among populations and is likely 
to be underestimated in most studies 
because of imperfect measurements 
of physical activity. Ravussin et al. 
[10] have demonstrated that even 
motor activity within the confines of 
a respiratory chamber (“fidgeting”) 
varies dramatically between individ-
uals and can account for hundreds 
of kilocalories per day. Such differ-
ences in activity would not be detect-
ed by typical questionnaires. Thus, 
physical activity, which includes both 
fine motor and major muscle move-
ment, is a major determinant of be-
tween-person variation in energy 

absorbing and processing macronu-
trients) accounts for only about 10% 
of total energy expenditure. Adaptive 
thermogenesis (i.e. the compensa-
tory capacity of an individual to con-
serve or expend energy in response 
to variable intake of food or temper-
ature extremes) has been estimated 
to be less than ± 10% of total energy 
expenditure [9].

In epidemiological studies, the 
thermogenic effect of food is not like-
ly to vary appreciably, because this 
becomes important only on extreme 
diets, and this can generally be as-
sumed to be constant. Adaptive ther-
mogenesis is practically important, 
because it can account for resistance 
to weight loss in the face of moder-
ate restriction of energy intake by 
downregulating metabolic process-
es to become more energy-efficient. 
These differences in metabolic effi-
ciency are difficult to measure even 
under highly controlled conditions as 
well as in epidemiological studies, 
so this needs to be recognized as a 
source of modest unmeasured vari-
ation in energy expenditure. RMR is 
determined mainly by body weight, 
although this is primarily a function 
of lean body mass. Because mea- 
surement of RMR requires metabolic 
facilities and is therefore not feasible 
in epidemiological studies and most 
clinical investigations, a series of pre-

expenditure in many populations. In-
deed, in most instances total energy 
intake can be interpreted as a crude 
measure of physical activity, espe-
cially after controlling for body size, 
age, and sex.

Energy balance and deviations 
from energy balance

Energy balance exists when weight is 
constant because energy expenditure 
equals energy intake. This can hap-
pen when no components change or 
when a change in one component is 
compensated for by changes in other 
components.

In adults, deviations from en-
ergy balance are a critical concern 
because these underlie weight gain 
and ultimately obesity. Of particular 
concern to public health and epide-
miologists are small increments in 
weight, such as 0.5–1 kg per year, 
which are typical of many high-in-
come populations [11] and which 
over a period of 20–30 years lead to 
large changes in weight and major 
morbidity and mortality [12]. The de-
viations from energy balance need-
ed to produce this change in weight 
are very modest. For example, sim-
ply on the basis of the energy con-
tent of adipose tissue [4], if an adult 
man who consumes 2500 kcal/day 
(10 460 kJ/day) increases his ener-
gy intake by only 1% while other fac-
tors remain constant, over a 10-year 
period a theoretical weight gain of 
10 kg would result. In reality, the in-
crease in weight will be considerably 
less, because the additional energy 
cost of maintaining and moving the 
added body mass eventually equals 
the increment in energy intake and a 
new steady state in weight, i.e. bal-
ance, is reached.

By combining data on energy 
intake and weight gain and on the 
compensatory effects of added body 
mass on energy expenditure, Hall 
et al. [13] estimated that for each 
10  kcal/day  (42  kJ/day)  increase  in 

Fig. 3.1. Components of energy expenditure during weight maintenance for 
a 70 kg man consuming 2500 kcal/day, and the potential modifying effect of 
adaptive thermogenesis. Adapted with permission from Horton (1983) [9].
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energy intake, the new mean steady-
state weight will be about 0.5 kg higher 
(equivalently, each change of 100 kJ/
day will lead to a weight change of 
1  kg) and that the new steady-state 
weight will be reached in about 
3 years. Their model, based on de-
mographic models and repeated 
measures of weight, is available 
interactively at http://bwsimulator.
niddk.nih.gov and was recently val-
idated by comparison with repeated 
dual-energy X-ray absorptiometry 
(DEXA) measures of body compo-
sition and the doubly labelled water 
(DLW) method [14]. Using a simi-
lar approach, Wang et al. [15] esti-
mated that an average increase in 
energy intake of 110–165 kcal/day 
(460–690 kJ/day) accounted for the 
large increase in weight gain among 
children in the USA between 1990 
and 2000. Similarly, Hall et al. [13] 
estimated that a difference of only 
7 kcal/day (30 kJ/day) between ener-
gy intake and expenditure could ex-
plain the average increase in weight 
(about 10 kg) in adults in the USA 
between 1978 and 2005. However, 
they estimated that the average ad-
ditional energy intake accumulated 
over that time was about 220 kcal/
day (920 kJ/day); this is the amount 
by which energy intake would have 
to be decreased in order to return 
to the distribution of body weight in 
1978.

The important conclusion of 
these analyses using different ap-
proaches is that very small devia-
tions from energy balance, on the 
order of 1–2% of daily energy intake, 
can result in large long-term chang-
es in body weight, with major individ-
ual and public health implications.

Accuracy and precision of 
measures of energy intake

Because the calculation of energy 
balance is based on the difference 
between energy intake and energy 
expenditure, and differences of ap-

proximately 1% are of great impor-
tance, extremely accurate and pre-
cise measurements of both intake 
and expenditure would be needed. 
Energy intake represents a unique 
challenge for dietary assessment 
because, unlike any other nutrient, 
energy intake is tightly regulated by 
physiological controls, and thus be-
tween-person variation is low after 
taking into account weight and de-
mographic variables.

A large literature exists on the ac-
curacy of measures of energy intake, 
specifically comparing mean values 
obtained by different methods [4, 
16]. Progress has been hampered 
by the lack of a perfect reference 
method; the closest to that would be 
the 24-hour whole-body calorimeter, 
but it artificially constrains physical 
activity. The DLW method, which 
measures the relative turnover of 
hydrogen and oxygen during a pe-
riod of days or weeks, has become 
the operational gold standard for 
assessing energy expenditure, be-
cause it is unobtrusive and provides 
similar mean values to whole-body 
and respiratory calorimetry. How-
ever, the DLW method is extremely 
expensive, and therefore not practi-
cal in epidemiological studies, and 
is not robust across laboratories, be-
cause values have ranged widely in 
blinded testing [17]. Compared with 
this standard, most dietary intake 
assessment methods, including 24-
hour dietary recalls, dietary records, 
and many food frequency question-
naires, underestimate energy intake 
by 10–20%, although this varies with 
the population, the details of the spe-
cific method, and BMI [4, 18].

Precision is also critical. Preci-
sion is difficult to quantify because 
it is hard to separate true changes 
in energy intake from measurement 
errors, although in epidemiological 
applications, within-person variation 
due to both sources will have simi-
lar implications. A large validation 
study has recently been completed 

in which all four methods of dietary 
assessment were used, which al-
lowed assessment of mean intakes 
and within-person variation over a 
1-year period (see Table 3.1). For all 
measures of total energy expendi-
ture or intake, the within-person var-
iability, expressed as the within-per-
son coefficient of variation (CV%) 
and the intraclass correlation coef-
ficient (ICC), is considerable. This 
includes the DLW method (CV%, 
9%; ICC, 0.73) even though its ma-
jor determinant, weight, has low var-
iability (ICC, 0.98). This degree of 
variation is similar to what has been 
seen in other populations; for exam-
ple, among 111 women the ICC for 
repeated DLW measurements over 
6 months was 0.72 [19]. In another 
recent evaluation, measurements of 
energy expenditure using DLW were 
reproducible over a period of several 
years, but precision (CV%, ~5%) was 
still not sufficient for reliably detect-
ing individual changes of 1–2% per 
year [20]. These analyses of within- 
person variation underestimate the 
measurement errors because they 
assume that each measurement is 
an unbiased estimate of the true val-
ue for individuals, i.e. that there is no 
systematic within-person error, also 
described as person-specific bias. 
This assumption would not apply to 
food frequency questionnaires, be-
cause of their structured nature [16], 
but is very likely to affect all mea-
surements to some degree, includ-
ing DLW assessments.

Assessment of energy expendi-
ture due to physical activity in epi-
demiological studies has been less 
well developed than assessment 
of energy intake. Most question-
naires have been focused on dis-
cretionary activities or moderate to 
vigorous activities, assuming that 
other activities are less important 
for health or relatively constant in 
modern lifestyles [21]. Energy ex-
penditure due to physical activity is 
usually not calculated, in recognition  
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of the fact that the data do not cap-
ture many activities of daily living 
and fine motor movements. Physical 
activity records and 24-hour physical 
activity recalls, analogous to their 
corresponding dietary assessment 
methods, have been minimally used 
in epidemiological studies thus far. 
Motion sensors – small devices for 
monitoring physical activity – are be-
coming sufficiently inexpensive to be 
used in epidemiological studies, but 
the best way to convert movement 
counts to energy expenditure is still 
being evaluated. The DLW measure, 
after subtracting energy expenditure 
due to RMR, is now often considered 
to be the gold standard for evalua-
tion of other methods to assess 
energy expenditure due to physi-
cal activity. The variation of these 
methods over 1 year is also shown 
in Table 3.1. The most consistent 
measure appears to be by acceler-
ometer, expressed as counts over 
1 day (CV%, 19%; ICC, 0.79), and 

the DLW measure for physical activ-
ity was considerably more variable 
than that for total energy expenditure 
(CV%, 23%; ICC, 0.51).

As can be appreciated, the with-
in-person CV% values both for total 
energy intake and for physical activ-
ity assessed by all methods are all 
far greater than the approximately 
1% deviation from energy balance 
that would be needed to evaluate 
small but important long-term de-
viations from energy balance in 
individuals. Because the deviation 
would be calculated as the differ-
ence between the variables, its 
within-person error would be even 
greater because it would include 
variability from both measures of 
energy intake and physical activity. 
Thus, as has been noted earlier [4], 
it is clear that available methods for 
measuring energy intake and phys-
ical activity in epidemiological stud-
ies, as well as methods considered 
to be the gold standard, are far from 

adequate for assessing long-term 
deviations from energy balance in 
individuals. The relative absence of 
this approach in the epidemiological 
literature reflects this understand-
ing. Further, it is unlikely that such 
methods will become available, 
because of inherent challenges in 
obtaining highly precise measure-
ments of long-term behaviours of 
free-living individuals.

Alternative methods to 
assess energy balance in 
epidemiological studies

Fortunately, the study of energy bal-
ance does not require measurements 
of energy intake and expenditure, 
because attained weight and chang-
es in weight are readily measured 
with high precision, even by self-re-
port [4]. These measurements of 
weight provide a simple but precise 
time-integrated measure of changes 
in energy balance. Also, weight and 

Table 3.1. Distribution, within-person coefficient of variation (CV%), and intraclass correlation coefficient (ICC) for 
different measures of energy intake and expenditure in the Women’s Lifestyle Validation Study [25] (data provided 
by 622 female nurses in the USA aged 45–80 years)a

Method  
(n = 622)

Time interval Mean (SD) Within-person 
SD 

Within-person  
CV%

ICC

FFQ (kcal/day) 1 year 1901 (480) 286 15 0.70

Dietary records (kcal/day) ~6 months 1745 (334) 226 13 0.63

ASA24 (kcal/day) Every 3 months 1825 (475) 507 28 0.29

DLW (kcal/day) 6–12 months 2195 (360) 190 9 0.73

Weight (lb) Every 3 months 157.6 (33.4) 5.1 3 0.98

PAQ (MET-h/day) 1 year 16.5 (6.8) 5.3 32 0.54

Accelerometer (min/day)b ~6 months 19.5 (16.6) 8.9 46 0.75

Accelerometer (counts/day) ~6 months 243 056 (94 356) 45 827 19 0.79

PAEE (kcal/day) 6–12 months 708 (239) 166 23 0.53

PAEE (kcal/day)c 6–12 months 708 (237) 165 23 0.53

PAEE (kcal/day)d 6–12 months 708 (230) 165 23 0.51

ASA24, automated self-administered 24-hour dietary recall; CV, coefficient of variation; DLW, doubly labelled water; FFQ, food frequency questionnaire; ICC, intraclass 
correlation coefficient; METs, metabolic equivalents; PAEE, physical activity energy expenditure; PAQ, physical activity questionnaire; SD, standard deviation.
a ICC and CV% were calculated based on the original value.
b Moderate and vigorous activity (min/day), 1-minute bouts.
c Measure of activity assessed by DLW with weight regressed out.
d Measure of activity assessed by DLW with weight, age, and height regressed out.
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changes in weight directly repre-
sent the primary health concern due 
to deviations from energy balance, 
which is adiposity. Thus, the inabil-
ity to evaluate long-term deviations 
from energy balance in individuals 
by measuring energy intake and ex-
penditure is not important.

The use of weight in epidemi-
ological analyses, both as an ex-
posure and as an outcome, is an 
important topic that has been dis-
cussed widely [22]. When adjusted 
for height, often expressed as BMI, 
weight is widely used as a surrogate 
for adiposity. Although conceptually 
imperfect because it does not sep-
arate lean mass and fat mass, BMI 
works remarkably well compared 
with gold-standard methods [23]. 
When it is used as an exposure, it is 
important for the analysis to address 
confounding by smoking, reverse 
causation due to underlying disease, 
and loss of lean mass due to frailty 
at older ages. When it is used as an 
outcome to study the effects of diet 
and activity, the study design needs 
careful consideration.

In cross-sectional studies, re-
verse causation can readily occur. 
In prospective studies with only 
a baseline measurement, the re-
sults can be misleading, because 
a change in diet or activity will of-
ten result in a change in weight for 
some period of time, and then a new 
steady-state weight will be reached. 
For example, if physical activity is 
increased, weight may decrease 
initially but does not continue to de-
crease to zero. If most study par-
ticipants have already reached a 
steady-state weight at baseline, an 
effect of physical activity on weight 
could be missed. A better design 
will usually be to examine change in 
diet or activity in relation to change 
in weight [24], which more closely 
approximates the design of a clinical 
trial. Unlike most studies with dis-
ease outcomes, which can require 
many thousands of participants and 

many years of follow-up, the effects 
of changes in diet and activity on 
change in weight can be investigat-
ed with a few hundred subjects and 1 
or 2 years of follow-up. Randomized 
trials should play a large role in ad-
dressing the effects of diet on weight, 
because they better control for con-
founding by variables that are hard to 
measure.

Other applications of data 
on total energy intake and 
expenditure

Although measurements of ener-
gy intake and expenditure will not 
be useful for assessing energy bal-
ance in epidemiological studies, 
they do play other important roles. 
For example, population trends in 
mean energy intake over time using 
24-hour dietary recalls can provide 
useful information, because the ef-
fects of within-person variation over 
time can be dampened with large 
sample sizes. If the method remains 
standardized over time, temporal 
trends can still be valid even if there 
is some systematic underestimation 
or overestimation. Unfortunately, 
standardized methods for physical 
activity assessment over time do not 
seem to have been used, so there is 
less certainty about temporal trends 
in energy expenditure.

In nutritional epidemiological 
studies, assessment of energy in-
take is also important as an adjust-
ment variable for nutrient intakes, 
because the focus is primarily on 
the composition of diet rather than 
on absolute intakes. This is because 
the composition of diet is what can 
most realistically be changed by in-
dividuals or a population [4]. Multiple 
aspects of dietary composition have 
been associated with weight chang-
es [11], probably due to differences 
in satiety and possible hormonal ef-
fects that favour or inhibit accumu-
lation of lean mass versus fat mass. 
Adjustment for total energy intake 

also has the benefit of cancelling 
correlated errors in nutrients, thus 
reducing measurement errors [4].

Assessment of physical activ-
ity, primarily by structured ques-
tionnaires, has documented the 
importance of moderate to vigorous 
activity in prevention of many dis-
eases. Although these measures 
of physical activity have error, they 
have been validated by comparisons 
with more detailed assessments [21] 
and can thus provide useful informa-
tion in prospective studies. The fact 
that these are based on self-reports 
rather than an objective measure 
is not important, because objective 
measures also have error and are 
subject to confounding. Even if a 
good measure of total energy ex-
penditure from physical activity were 
available, this would not provide the 
important information on specific 
types of activity that can be obtained 
by questionnaires. Small motion 
sensors are now being incorporat-
ed into epidemiological studies; the 
structure of their measurement er-
rors is now being investigated.

Conclusions

Deviations from energy balance are 
important in human health and dis-
ease. However, these cannot be 
assessed adequately in epidemi-
ological studies by differences be-
tween energy intake and expendi-
ture, because very small long-term 
deviations in energy intake or ex-
penditure can have major effects on 
body weight. Neither the available 
methods nor the foreseeable future 
methods will be sufficiently precise 
and accurate to measure these small 
differences. However, body weight 
and change in weight provide precise 
indicators of long-term deviations 
from energy balance and are widely 
available for epidemiological stud-
ies. These simple and inexpensive 
measures of energy balance can be 
used as both exposure and outcome  
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variables, taking into consideration 
their other determinants and con-
founding factors. Although they are 
not useful for assessing energy bal-

ance, which requires extreme ac-
curacy and precision, measures of 
energy intake and physical activity 
will continue to play other important 

roles in epidemiological studies and 
in monitoring population trends.

•  Very small differences between energy intake and expenditure can, over time, lead to important gains 
in weight. Measures of both energy intake and expenditure that are sufficiently precise to quantify these 
differences will not be available in the foreseeable future.

• Weight and changes in weight provide simple and inexpensive measures of deviations from energy balance.

•  Measures of physical activity and energy intake are still valuable in epidemiological studies, even if they 
cannot be used to evaluate energy balance.

Key points

•  Continued work is needed to evaluate and improve the assessment of physical activity, both amount and 
type, in epidemiological studies.

•  Further effort is needed to understand sources of error in measuring energy intake, including errors in the 
DLW method, the presumed gold standard.
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and foods of low glycaemic index 
(GI) (possible). Correspondingly, 
energy-dense foods (foods high in 
fat and/or sugar) and sugary drinks 
were considered to be probable de-
terminants of obesity by the World 
Cancer Research Fund (WCRF)/
American Institute for Cancer Re-
search (AICR) in the second WCRF/
AICR expert report, published in 
2007 (Table 4.2) [3]. Recent WHO 
guidelines, from 2015, which focus 
on reducing the risk of noncom-
municable diseases in adults and 
children, including prevention and 
control of unhealthy weight gain, 
strongly recommend reducing the 
intake of free sugars to less than 
10% of total energy intake [4]. An-
other probable risk factor for weight 
gain, overweight, and obesity, 
which did not appear in the WHO/
FAO Expert Consultation report 

Current evidence and 
recommendations

A report on diet, nutrition, and the 
prevention of chronic diseases 
was published after the joint World 
Health Organization (WHO)/Food 
and Agriculture Organization of 
the United Nations (FAO) Expert 
Consultation held in 2002 [1]. A 
summary of the risk factors in rela-
tion to prevention of excess weight 
gain and obesity is presented in 
Table 4.1 [2]. Lifestyle factors list-
ed as obesity-promoting factors 
(with the strength of evidence) in-
cluded high intake of energy-dense 
foods (convincing) and high-sugar 
drinks (probable). The review found 
evidence that protective factors 
against obesity were a high intake 
of energy-dilute foods (non-starch 
polysaccharides/fibre) (convincing) 

but was mentioned in the second 
WCRF/AICR expert report, referred 
to fast foods, defined as foods that 
“are consumed often, in large por-
tions, and are energy-dense” [3]. 
The only dietary factor that was 
considered by WCRF/AICR to de-
crease the risk of weight gain, over-
weight, and obesity, by promoting 
appropriate energy intake, was 
intake of low-energy-dense foods, 
i.e. wholegrain cereals and cereal 
products, non-starchy vegetables, 
and dietary fibre.

Dietary scores and dietary 
patterns

An analysis of three cohorts in the 
USA indicated that better diet quali-
ty, i.e. higher Alternate Mediterranean 
Diet (aMED), Alternate Healthy Eating 
Index-2010 (AHEI-2010), and Dietary 
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negative association between adher-
ence to the Mediterranean diet and 
overweight/obesity or weight gain [8]. 
In turn, increased frequency of con-
sumption of fast-food products was 
linearly associated with lower Med-
iterranean Diet and Healthy Eating 
Index scores [9]. In today’s environ-

Approaches to Stop Hypertension 
(DASH) scores, was associated with 
less weight gain during adult life [5]. 
This finding was in agreement with 
the results obtained from European 
cohorts using similar indices [6,  7]. 
A systematic review found that 13 of 
21 epidemiological studies reported a 

ment, both the increased availability 
of and the portion sizes of fast-food 
products may contribute to rising obe-
sity rates [10, 11].

Dietary patterns derived a pos-
teriori by using dimension-reduction 
techniques such as factor or cluster 
analysis also showed that adherence 

Table 4.1. Factors that might promote or protect against overweight and weight gain

Strength of evidencea Decreases risk No relationship Increases risk

Convincing Regular physical activity 
High intake of dietary non-starch 
polysaccharides/fibre

Sedentary lifestyles 
High intake of energy-dense foodsb

Probable Home and school environments 
that support healthy food choices 
for children 
Breastfeeding

Heavy marketing of energy-dense foodsb and 
fast-food outlets
Adverse social and economic conditions (in 
developed countries, especially for women)
High-sugar drinks

Possible Foods with low glycaemic index Protein content of the diet Large portion sizes 
High proportion of food prepared outside the 
home (developed countries) 
“Rigid restraint/periodic disinhibition” eating 
patterns

Insufficient Increased eating frequency Alcohol consumption

a Strength of evidence: The totality of the evidence was taken into account. The World Cancer Research Fund schema was taken as the starting point but was modified in the 
following manner: randomized controlled trials (RCTs) were given prominence as the highest ranking study design (RCTs not a major source of cancer evidence); associated 
evidence was also taken into account in relation to environmental determinants (direct trials were usually not available or possible).
b Energy-dense foods are high in fat and/or sugar; energy-dilute foods are high in non-starch polysaccharides/fibre and water, such as fruits, legumes, vegetables, and wholegrain 
cereals.
Source: Reproduced with permission from Swinburn et al. (2004) [2].

Table 4.2. Factors that modify the risk of weight gain, overweight, and obesity

Strength of evidence Decreases risk Increases risk

Convincing Physical activity Sedentary livinga

Probable Low-energy-dense foodsb

Being breastfedd

Energy-dense foodsb,c

Sugary drinkse

Fast foodsf 

Television viewingg

Limited – suggestive

Limited – no conclusion Refined cereals (grains) and their products; starchy roots, tubers, and plantains; fruits; meat; fish; milk and 
dairy products; fruit juices; coffee; alcoholic drinks; sweeteners

Substantial effect on risk unlikely                                                               None identified

a Sedentary living comprises both high levels of physical inactivity and low levels of physical activity (in terms of intensity, frequency, and duration).
b The direct epidemiological evidence for low-energy-dense foods is from wholegrain cereals (grains) and cereal products, non-starchy vegetables, and dietary fibre. The 
direct epidemiological evidence for energy-dense foods is from animal fat and fast foods. These are interpreted as markers of the energy density of diets, based on compelling 
physiological and mechanistic evidence.
c Some relatively unprocessed energy-dense foods (which tend to be eaten sparingly), such as nuts, seeds, and some vegetable oils, are valuable sources of nutrients.
d The evidence relates principally to obesity in childhood, but overweight and obesity in children tend to track into adult life: overweight children are liable to become overweight 
and obese adults.
e The evidence relates to all drinks containing added caloric sweeteners, notably sucrose and high-fructose corn syrup. Fruit juices are also sugary drinks and could have similar 
effects, but the evidence is currently limited.
f Fast foods characteristically are consumed often, in large portions, and are energy-dense.
g Television viewing is here identified as a sedentary activity. It is also associated with consumption of energy-dense foods. The evidence relates specifically to childhood and 
adolescence, and is taken also to apply to adults.
Source: Reproduced with permission from WCRF/AICR (2007) [3].
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to a healthy dietary pattern (high in-
take of whole grains, fruits and veg-
etables, and reduced-fat dairy prod-
ucts) was associated with smaller 
gains in body mass index (BMI) and 
waist circumference (WC), whereas 
adoption of a dietary pattern typical 
of developed countries (also called 
the meat–sweet diet) may lead to 
weight gain [12–17]. A diet charac-
terized by higher intakes of vegeta-
bles and wholemeal cereal products 
resulted in a lower risk of becoming 
overweight or obese (odds ratio 
[OR], 0.69; 95% confidence interval 
[CI], 0.54–0.88) in children followed 
up for 2 years [18]. The first study to 
prospectively investigate the associ-
ation between dietary patterns at the 
nutrient level and weight change cor-
roborated the previous findings that a 
healthy dietary pattern is associated 
with less weight gain and also high-
lighted combinations of nutrients that 
may be responsible for such associ-
ations at the food level [19].

The nutrition transition

The nutrition transition in developing 
countries leads to dietary intakes of 
micronutrient-poor, energy-dense 
foods, which may be important de-
terminants of overweight/obesity and 
important for child development [20]. 
In low- and middle-income countries 
(LMICs), consumption of fruits and 
vegetables was observed to be low-
er in groups with low socioeconom-
ic status compared with those with 
high socioeconomic status; this may 
be due to a lack of knowledge of the 
health benefits of fruits and vegeta-
bles, their high cost, and limited ac-
cess to fresh-food markets in groups 
with lower socioeconomic status [21]. 
In addition, groups with high socio-
economic status were observed to 
have a higher intake of protein (due to 
increased intake of animal foods ac-
companying the nutrition transition), 
a lower intake of carbohydrates and 
fibre (attributable to a higher intake 

of processed foods replacing tradi-
tional, carbohydrate-rich foods), and 
a higher intake of fat (associated with 
increased prosperity and supermar-
ket expansion) [21]. Nutrient-dense 
foods are often more expensive than 
the energy-dense alternatives [22].

Foods

One of the most consistent results 
with regard to obesogenic dietary 
factors pertains to the high energy 
density of some foods, i.e. an ener-
gy content of more than about 225–
275 kcal per 100 g (941–1151 kJ per 
100 g). Energy-dense foods have 
been rated as probable [3], convinc-
ing [1], or suggestive [23] obesity-pro-
moting factors by three comprehen-
sive reports and reviews on nutrition 
and obesity/weight gain. A study 
based on a prospective cohort from 
five European countries indicated an 
increase in WC of 0.09 cm/year (95% 
CI, 0.01–0.18 cm/year) per 1 kcal/g 
(4.2 kJ/g) dietary energy density, but 
did not observe a significant associ-
ation of energy density with weight 
gain [24].

Fast foods are energy-dense, 
micronutrient-poor foods that are of-
ten high in saturated and trans-fatty 
acids, processed starches, and add-
ed sugars [25]. Several observational 
studies have indicated an increased 
risk of being obese, greater weight 
gain, higher BMI, and higher rates of 
overweight/obesity in those consum-
ing fast-food products compared with 
non-consumers, in both developed 
regions [9, 26–28] and developing 
regions [29–31]. Consumption of a 
fast-food product (including ham-
burgers, cheeseburgers, and French 
fries) more than once per week by 
adults in Spain increased the risk of 
being obese by 129%, compared with 
non-consumers, after controlling for 
energy intake and several lifestyle 
factors [9]. In a cohort of participants 
aged 18–30 years in the USA, more 
frequent consumers (more than twice 

per week) gained an extra 4.5 kg of 
body weight over a 15-year period 
compared with less frequent consum-
ers (less than once per week) of fast-
food products [26]. Also, an increase 
of 5 BMI units (kg/m2) was observed 
in children and adolescents in Chi-
na who consumed processed foods 
frequently [29]. A recent analysis of 
the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC) 
study using biomarkers of dietary 
exposure to industrially processed 
foods reported that a high blood lev-
el of industrial trans-fatty acids may 
increase the risk of weight gain, par-
ticularly in women [32].

In contrast, the evidence is not 
straightforward for beverages that 
may be a significant source of addi-
tional energy intake, including sugary 
drinks and alcoholic drinks.

Both the WHO/FAO report and 
the WCRF/AICR report indicated the 
probable role of sugary drinks (also 
called sodas, soft drinks, high-sug-
ar drinks, or sugar-sweetened bev-
erages) in obesity development [1, 
3]. Some [33–37] but not all later 
meta-analyses and reviews [38–42] 
concluded that there is a significant 
positive association between intake 
of this food group and risk of obesity. 
Several factors are likely to contribute 
to these discrepant findings, includ-
ing methodological differences be-
tween studies (different outcomes 
[overweight, weight gain, obesity]; 
varying exposure [types of bever-
ages]; types of studies included [in-
terventional and/or observational]; 
adjusted or not for energy intake 
and physical activity; different popu-
lations considered [age groups, sex, 
geographical regions that may vary 
in the composition of sugary drinks 
and the level of intake]), reporting 
and publication bias, and conflict of 
interest with the food industry [43]. 
Nevertheless, evidence support-
ing the obesogenic effect of sugary 
drinks of poor nutritional quality is 
growing, with increasing relevance 



28

in children, especially in low-income 
socioeconomic groups [44] and in 
LMICs [45]. A meta-analysis of 22 
cohort studies showed that each 
increment of one sugary drink per 
day was associated with an increase 
of 0.05–0.06 BMI units (kg/m2) in 
children per year and an additional 
weight gain of 0.12–0.22 kg in adults 
per year [34]. A meta-analysis of five 
cohort studies indicated a 55% (95% 
CI, 32–82%) higher risk of being 
overweight in children who consume 
sugary drinks daily [46].

In the above-mentioned studies, 
the main methodological difference 
that may cause the discrepancies 
may be related to adjustment for en-
ergy intake. Because sugary drinks 
are believed to be an additional 
non-compensated energy source, 
an ad libitum strategy (energy intake 
not controlled or adjusted for) was 
proposed to be a better measure of 
the association of the intake of sugary 
drinks with obesity and/or weight gain. 
Indeed, an ad libitum strategy result-
ed in significant positive associations 
in meta-analyses of both experimen-
tal and observational studies [33]. 
Other authors claim that adjustment 
for energy intake should be taken into 
consideration; these studies general-
ly observed no significant association 
[37]. Moreover, more pronounced ge-
netic predisposition to obesity was 
observed with higher consumption 
of sugary drinks [47].

Discrepant results have been 
found also for alcoholic drinks. A  
recent review summarizing the met-
abolic effect of intake of energy- 
containing beverages concluded that 
observational studies have shown a 
positive association, a negative as-
sociation, or no relationship between 
intake of alcohol or sugary drinks 
and body weight [48]. For alcohol 
intake, both the WHO/FAO report 
and the WCRF/AICR report ranked 
the evidence as insufficient to draw 
any conclusion in relation to body 
weight gain or obesity. Longer inter-

vention studies and more detailed 
assessment of energy balance and 
other possible confounding lifestyle 
factors are still warranted to ascer-
tain the obesogenic effect of these 
beverages. Also, better exposure as-
sessment, with the possible use of 
validated biomarkers of intake (dis-
cussed later in this chapter), would 
be a valuable asset in judging the ev-
idence, especially from existing well- 
powered epidemiological studies.

Sweets and desserts is another 
food group that may be characterized 
by high sugar content and high ener-
gy density. Suggestive evidence was 
found that high intake of sweets and 
desserts is a risk factor for weight gain 
[23]. In an analysis in the EPIC-Pots-
dam cohort, each increment of 100 g 
per day in intake of sweets was shown 
to be associated with the likelihood of 
a short-term weight gain in men (OR, 
1.48; 95% CI, 1.03–2.13) [49]. Also 
in cohorts in the USA, each portion 
of sweets and desserts was signifi-
cantly associated with an increase 
of 0.19 kg (95% CI, 0.07–0.30 kg) in 
weight per 4-year period [50].

Intake of meat in general, which 
is a significant dietary source of 
high-quality protein and specific fatty 
acids, was ranked by Fogelholm et 
al. as a probable risk factor for weight 
gain [23]. Higher intake of red and 
processed meat was positively asso-
ciated with both BMI (mean difference 
between groups with high and low in-
take, 1.37 kg/m2 [95% CI, 0.90–1.84 
kg/m2] for red meat and 1.32 kg/m2 
[95% CI, 0.64–2.00 kg/m2] for pro-
cessed meat) and WC (mean differ-
ence between groups with high and 
low intake, 2.79 cm [95% CI, 1.86–
3.70 cm] for red meat and 2.77 cm 
[95% CI, 1.87–2.66 cm] for processed 
meat), based on a meta-analysis of 
18 observational studies [51]. How-
ever, as stated in the WCRF/AICR 
report, the energy density of meat 
depends on the amount of fat it con-
tains and how it is cooked, whereas 
the fatty acid composition of meat de-

pends on its origin, processing, and 
animal feed. The quality of meat may 
differ according to the socioeconomic 
status of the consumer [52].

Sufficient evidence does not 
exist for establishing an association  
between body weight and intake 
of fish, a major source of omega-3 
polyunsaturated fatty acids [3, 23]. 
No significant association was ob-
served between fish intake and 5-year 
change in body weight in the EPIC 
study [53]. Additional evidence from 
a recent meta-analysis of randomized 
controlled trials (RCTs) that studied 
the effect of fish or fish oils on body 
composition found that participants 
in supplemented groups lost 0.59 kg 
more body weight, 0.49% more body 
fat, and 0.24 kg/m2 more BMI com-
pared with the control group and that 
their WC decreased by 0.81 cm more 
than the control group [54].

Results from two independent 
meta-analyses of RCTs suggested 
a potential beneficial effect of intake 
of total dairy products on weight loss 
(mean difference between groups with 
high and low intake, −0.61 kg [95% CI, 
−1.29 to 0.07 kg] [55] and −0.14 kg 
[95% CI, −0.66 to 0.38 kg] [56]) and 
improved body composition. However, 
this effect was significant only when 
dairy products were used as compo-
nents of energy-restricted weight-loss 
diets or short-term interventions [56]. 
A systematic review of prospective co-
hort studies concluded that the pro-
tective effect of consumption of dairy 
products on the risk of overweight and 
obesity is suggestive but not consis-
tent [57]. Subsequent findings from the 
Framingham Heart Study indicated a 
0.10 ± 0.04 kg smaller annual weight 
gain in participants who consumed 
dairy products more frequently, prob-
ably attributable to yogurt intake [58]. 
Three prospective cohorts in the USA 
indicated a 0.82 lb (~0.37 kg) lower 
4-year weight associated with yogurt 
consumption [50].

Legumes (i.e. beans, chickpeas, 
lentils, lupins, soybeans) could be 
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consumed as a plant-based alter-
native to animal protein. They have 
a lower energy density than animal 
protein and are good sources of fi-
bre and microelements. Replacing 
energy-dense foods with legumes 
has been shown to have a favour-
able effect on obesity prevention [59] 
and short-term weight loss [60–62] 
in adults. Longer-term interventions 
with specific legume sources did not 
confirm these findings [63, 64]. The 
effect of legume consumption on 
weight control in children remains to 
be evaluated.

For refined cereal products, 
most reviews state that insufficient 
evidence exists for an association be-
tween intake and obesity [3, 35, 36], 
with a suggestion of an adverse effect 
by Fogelholm et al. [23]. Wholegrain 
cereals and foods, due to their low 
energy density and high fibre content, 
were indicated by several reports as 
having a protective effect against obe-
sity and weight gain [3, 23, 35, 36]. A 
meta-analysis of prospective cohorts 
indicated a reduction of weight gain 
in those who consumed whole grains 
more frequently by 0.4–1.5 kg during 
8–13 years of follow-up [65], where-
as RCTs found only a small effect of 
wholegrain intake on the percentage 
of body fat (weighted difference, 
−0.48%; 95% CI, −0.95% to −0.01%, 
per g/day) [65a].

The group of non-starchy veg-
etables has similar characteristics 
in terms of fibre content and energy 
density. High-fibre/low-energy-density 
foods as a group were evaluated by 
WCRF/AICR as a probable obesi-
ty-preventive factor [3]. A meta-anal-
ysis of eight RCTs indicated that the 
change in body weight was 0.68 kg 
lower in the group with high intake of 
fruits and vegetables compared with 
the group with low intake [66]; how-
ever, not all studies [67] supported 
this inverse association, particularly 
in children [68]. When fruits and veg-
etables were considered separately, 
a meta-analysis of prospective cohort 

studies indicated that intake of fruits 
and intake of vegetables were each 
associated with a 17% reduced risk 
of adiposity, whereas intake of com-
bined fruits and vegetables was asso-
ciated with a 9% reduced risk of adi-
posity (OR, 0.91; 95% CI, 0.84–0.99), 
but only intake of fruits was inversely 
associated with weight change [69]. 
A negative association with long-term 
weight change was also observed for 
higher consumption of nuts in three 
prospective cohorts (−0.26 kg 4-year 
weight change per one-serving incre-
ment per day in the intake of nuts) 
[70]. A protective effect of nuts against 
weight gain has been also supported 
by several intervention studies [71].

In a meta-analysis of three pro-
spective cohorts, a 4-year weight 
loss was observed for consumption 
of vegetables (−0.22 lb, or −0.10 kg), 
whole grains (−0.37 lb, or −0.17 kg), 
fruits (−0.49 lb, or −0.22 kg), and nuts 
(−0.57 lb, or −0.26 kg) [50]. Howev-
er, it should be kept in mind that GI 
differs for different types of fruits and 
vegetables. For example, potatoes 
– similarly to refined carbohydrates 
characterized by high GI – could 
be positively associated with higher 
weight; however, sufficient evidence 
is still lacking [3, 23] to discourage in-
take of starchy vegetables in relation 
to obesity prevention. Nevertheless, 
the above-mentioned meta-analysis 
of cohorts in the USA [50], as well as 
an observational study from Denmark 
[72], indicated a 4-year weight gain 
of 1.28 lb (0.58 kg) and a 5-year in-
crease in WC in women of 0.1 cm (per 
60 kcal/day, or 250 kJ/day) in relation 
to higher intake of potatoes. These 
results require confirmation based on 
well-established cohorts.

Macronutrients

Fat is characterized by the highest 
energy density of all macronutrients 
(37 kJ/g, or 8.8 kcal/g). However, at 
the macronutrient level, according to 
the WHO/FAO report and a system-

atic review [1, 23], no sufficient or 
consistent evidence exists for fat or 
specific fatty acids and their ratios to 
be listed as determinants of obesity 
[73]. Long-term supplementation of 
the Mediterranean diet with unsaturat-
ed fat from olive oil or nuts improved 
cardiovascular health and was asso-
ciated with a lower risk of obesity, as 
shown in the Prevención con Dieta 
Mediterránea (PREDIMED) trial [74, 
75]. A recent systematic review eval-
uated four RCTs and two meta-analy-
ses that investigated intake of fat and 
fatty acids in relation to body weight 
and composition [76]. The study 
concluded that there was probable 
evidence for a moderate positive as-
sociation between total fat intake and 
body weight. A subsequent compre-
hensive meta-analysis of RCTs with 
a follow-up of 6–96 months showed 
that reduction of dietary fat intake 
(≤ 30% of energy from fat) led to 
greater weight loss (−1.5 kg; 95% 
CI, −2.0 to −1.1 kg) and reductions 
in BMI (-0.5 kg/m2; 95% CI, −0.7 to 
−0.3 kg/m2) and WC (−0.3 cm; 95% 
CI, −0.6 to −0.02 cm) than in the con-
trol group with usual fat intake [77], 
but no significant association be-
tween total fat intake and measures 
of body fatness was found based on 
the evidence from 25 cohort studies 
[77]. This meta-analysis included 
only RCTs that compared a lower fat 
intake versus usual or moderate fat 
intake in subjects from the general 
population without any intention to 
reduce body weight. However, anoth-
er meta-analysis based on 53 studies 
that compared the long-term effect  
(≥ 1 year) of low-fat and higher-fat 
dietary interventions on weight loss 
found no effect of lowering fat intake 
on long-term weight loss [78].

Nevertheless, at the level of the 
overall dietary composition, interac-
tion of macronutrients is more likely 
to have an impact on obesity control. 
In their meta-analysis of 23 RCTs, Hu 
et al. [79] compared the effects of 
low-fat diets (≤ 30% of energy from 
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fat) versus low-carbohydrate diets  
(≤ 45% of energy from carbohydrates) 
and found that the two types of diets 
resulted in comparable reduction in 
weight and WC. However, compared 
with participants following low-fat di-
ets, those following low-carbohydrate 
diets experienced a slightly but sta-
tistically significantly lower reduction 
in total cholesterol and low-density 
lipoprotein cholesterol but a greater 
increase in high-density lipoprotein 
cholesterol and a greater decrease 
in triglycerides. Following a low- 
carbohydrate diet for at least 
6 months reduced body weight by 
2.1–14.3 kg and WC by 2.2–9.5 cm 
and led to similar or greater abdom-
inal fat loss compared with an isoen-
ergetic low-fat intervention [80].

With respect to the type of 
carbohydrate, increased intake of 
dietary sugars may be associated 
with an increase in body weight by 
0.75 kg (95% CI, 0.30–1.19 kg) and 
decreased intake with a comparable 
weight decrease, by 0.80 kg (95% 
CI, 0.39–1.21 kg), as suggested by 
a meta-analysis of 30 trials of adults 
with ad libitum diets. Isoenergetic 
exchange of free sugars (from a 
diet high in fructose or sucrose) 
with other carbohydrates (i.e. starch 
or fibre) did not result in a change 
in body weight, suggesting that 
energy intake rather than the type 
of carbohydrate is a determinant of 
weight change [46]. On the basis of 
these outcomes, WHO concluded 
that the strength of evidence is 
moderate for the association between 
added sugar (including in the form of 
sugary drinks) and body weight gain/
obesity, and suggested that longer 
trials (> 8 weeks) with increasing or 
decreasing intake of sugars should 
be conducted in free-living individuals 
to confirm this association and set 
the threshold of intake [4]. Special 
attention should be paid to fructose 
and fructose-containing sugars, for 
which mechanistic data suggest 
their potential effect on increased 

energy intake and reduced energy 
expenditure (failure to stimulate 
leptin production) and their effect on 
lipid and carbohydrate metabolism 
(stimulation of de novo lipogenesis) 
[81], but also on inducing signalling 
and inflammatory pathways [82].

A probable obesity-protective ef-
fect of fibre (in both adults and children) 
and of low GI (in women only) has been 
advocated by two reviews [23, 35]. 
The WHO/FAO report also suggested  
a possible anti-obesogenic effect of 
low-GI foods [1]. As shown by a Eu-
ropean trial, lowering the GI of a diet 
and increasing its protein content in 
an ad libitum setting led to a weight 
regain that was 0.95 kg lower (95% 
CI, 0.33–1.57 kg) compared with a 
high-GI diet in obese individuals after 
the loss of more than 8% of their initial 
weight. That study found an additive 
effect of a high-protein and low-GI diet 
on body weight maintenance during 
the 6 months after the weight loss [83, 
84]. In a meta-analysis of six RCTs, a 
greater decrease in fat mass and BMI 
was observed in participants assigned 
to a low-GI diet compared with controls 
[85]. A recently published study inves-
tigated the effect of changes in intake 
of protein foods and glycaemic load 
on long-term weight gain [86]. The 
study, based on three prospective 
cohorts in the USA, showed that pro-
tein foods were not interchanged with 
each other but rather replaced with 
carbohydrate-rich foods and that an 
interaction between changes in in-
take of protein foods and glycaemic 
load and long-term weight gain was 
present. The study found that an in-
crease in intake of protein foods that 
were positively associated with weight 
gain (i.e. unprocessed red meat and 
processed meat) together with a con-
comitant increase in glycaemic load 
augmented the weight gain, whereas 
a higher intake of protein foods as-
sociated with weight loss (i.e. nuts, 
seafood, and plain yogurt) generally 
reduced the amount of weight loss 
when there was a concurrent increase 

in glycaemic load and increased the 
amount of weight loss when there was 
a concurrent decrease in glycaemic 
load.

However, the existing epidemio-
logical evidence in relation to protein 
intake in terms of obesity prevention 
is not clear. In 2004, WHO concluded 
that there is no relationship between 
obesity and the protein content of the 
diet [1]. Later studies suggested an 
inverse association between protein 
intake and BMI (−4.54 kg/m2 per g/kg 
body weight) and WC (−2.45 cm per g/
kg body weight) [87] or no association 
for total protein intake, increased body 
weight for animal protein intake, and 
decreased body weight for plant 
protein intake (per ~38 g/day) [88]. This 
was confirmed by Freisling et al., who 
investigated nutrient patterns based 
on the EPIC cohort [19]. The study 
indicated that a pattern characterized 
by higher intakes of plant food sources 
(characterized by higher intakes of 
folate, vitamin C, and β-carotene) 
was negatively associated with weight 
gain (−22 g/year for men and −18 g/
year for women), whereas a pattern 
characterized by higher intakes of 
total protein, vitamin B2, phosphorus, 
and calcium was associated with a 
weight gain of +41 g/year (95% CI, 
+2 to +80 g/year) in men and +88 g/
year (95% CI, +36 to +140 g/year) in 
women. However, another study based 
on the EPIC cohort concluded that a 
diet with the highest consumption of 
protein (> 22% of energy from protein) 
was associated with a 23–24% higher 
risk of overweight or obesity in models 
adjusted for energy intake, and that 
isoenergetic replacement of 5% of 
energy from carbohydrate (especially 
fibre) or fat by 5% of energy from 
protein was positively associated with 
weight gain after 5 years, regardless 
of the type of protein (animal protein 
or plant protein) [89].

Given the possible mechanisms of 
the effect of proteins on body weight 
related to satiety control, studies in 
an ad libitum setting are more likely 
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to observe their potential anti-obesity 
effect. Proteins, similarly to fibre, are 
believed to induce greater satiety 
signals by affecting gastric kinetics 
and release of gut hormones [90, 
91]. However, this effect may depend 
on the type (casein vs whey) and 
form (liquid or solid) of macronutrient 
ingested, and it still needs to  
be elucidated whether this effect is 
maintained in the long term [92]. More 
consensus exists in the literature for 
the effect of protein intake on weight 
loss and/or maintenance. Based on two 
meta-analyses of experimental studies, 
high-protein diets resulted in greater 
reduction of weight/WC/fat mass 
and preservation of lean body mass 
compared with low-protein diets with 
similar dietary fat content [93, 94]. This 
effect, in turn, is believed to be attrib-
utable to greater diet-induced thermo-
genesis, affecting energy balance and 
alterations in protein turnover. Adverse 
health outcomes may be observed with 
excessive protein intakes [95].

Biomarkers of exposure

Despite the fact that the field of me-
tabolomics is growing, to date few 
validated biomarkers of dietary ex-
posure have been used to validate 
dietary intakes. Some examples are 
urinary nitrogen (biomarker of protein 
intake), urinary sucrose and fructose 
(intake of sugars), fatty acid profiles 
of plasma phospholipids, erythro-
cytes, and adipose tissue (intake of 
dietary fats/fatty acids), plasma vita-
mins (surrogate of intake of fruits and 
vegetables), plasma alkylresorcinols 
(intake of whole grains), urine meth-
ylhistidine (meat intake), trimethyl-
amine N-oxide (fish intake), and urine 
polyphenols (intakes of red wine, cit-
rus, tea, soy, and olive oil), which are 
discussed in reviews [96–99]. More 
recently, the application of stable car-
bon isotope (13C) analysis of alanine 
in red blood cells was suggested as a 
validation marker of intake of sugary 
drinks and sugars [100], and a spe-

cific plasma fatty acid (elaidic acid) 
was suggested as a biomarker of in-
dustrial trans-fatty acids [101].

Conclusions

Taken together, the evidence indicates 
that adherence to a healthy diet 
characterized by increased intake of 
low-GI foods and/or fibre (wholegrain 
products, non-starchy vegetables, 
and nuts) and avoidance of energy-
dense foods (fast foods, sweets, 
and desserts), simple carbohydrates 
(including sugary drinks), low-quality 
processed meats, and refined cereal 
products should be implemented for 
obesity prevention. More studies 
are required to ascertain the effect 
of intake of legumes, fish, different 
types of dairy products, and specific 
fatty acids on weight and in relation to 
obesity prevention. To ensure better 
estimation of true dietary intakes, 
the use of exposure biomarkers is 
warranted.

•  Energy intake as part of energy balance plays a major role in weight gain and obesity management.
•  In an ad libitum free-living setting, specific macronutrients may reduce energy intake by affecting satiety 

signalling.
•  As part of a healthy diet, foods that are micronutrient-dense, are high in fibre, have a low GI, and/or have 

a low energy density (fruits and non-starchy vegetables, wholegrain products, nuts, and seeds) help to 
maintain a healthy body weight.

•  The following may be obesity-promoting factors: energy-dense, micronutrient-poor fast foods that are high 
in saturated and industrial fatty acids and/or refined starches and sugars, low-quality processed meats, 
sweets and desserts, and sugary drinks.
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chapter 5.  

How are overall energy  
intake and expenditure  

related to obesity?
Klaas R. Westerterp

Of course, humans can maintain 
a perfect energy balance in the long 
term, as shown by a constant body 
weight in adult life [1]. An average 
person has an energy expenditure 
of 10–15 MJ/day, or 3650–5475 MJ/
year. Even a weight change of 1 kg, 
equivalent to 30 MJ, denotes a dis-
crepancy between intake and ex-
penditure of only 0.6–0.8% on an 
annual basis. Energy intake strongly 
correlates with energy expenditure on 
a weekly basis. Discrepancies on a 
daily basis between intake and ex-
penditure are especially large when 
days with high energy expenditure 
are alternated with quieter intervals. 
For example, military cadets did not 
show an increase in energy intake on 
days with a higher energy expenditure 
when they joined a drill competition. 
The corresponding increase in energy 
intake occurred about 2 days later [3].

Despite the capacity to maintain 
energy balance [1], there is cur-
rently a worldwide increase in the 

Food intake is a function of en-
ergy requirements as determined 
by body size and physical activity. 
Adult humans maintain a balance 
between their energy intake and en-
ergy expenditure, as shown by the 
constancy of body weight and body 
composition [1]. Energy balance is 
achieved by control of energy intake, 
energy expenditure, or both. Hu-
mans, however, do not balance en-
ergy intake and energy expenditure 
on a daily basis, as smaller animals 
do. They can afford to rely on their 
body reserves, whereas smaller spe-
cies show signs of energy shortage 
sooner, as expressed in a lowered 
body temperature and reduced phys-
ical activity. Smaller species have a 
higher energy expenditure per kilo-
gram of body mass as well as a rel-
atively smaller body energy reserve 
[2]. Thus, a mouse cannot survive 
3 days without food, whereas a nor-
mal adult human can survive more 
than 30 days without food.

prevalence of obesity. It has been 
suggested that modern inactive life-
styles are the predominant factor in 
the increasing prevalence of over-
weight and obesity [4]. An analysis 
of measurements of daily energy 
expenditure by the doubly labelled 
water (DLW) method, as available 
over the past decades, suggests 
that physical activity levels have 
not declined over the period during 
which obesity rates have increased 
[5]. The data analysis included hun-
dreds of subjects in Europe, North 
America, and developing countries, 
extending back to the 1980s. The  
relationship between daily energy 
expenditure and body mass sug-
gests that increases in body mass 
are driven by increased energy  
intake [6].

This chapter reviews the avail-
able evidence on overall energy in-
take and expenditure in relation to 
obesity. The following questions are 
addressed: how to assess whether 
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would be 46% ± 5%. Food supply data 
showed an increase in fat availability 
over the past 40 years [12]. Therefore, 
the observed decrease in reported fat 
intake seems to be doubtful.

Recognition of underreporting is 
ideally based on simultaneous DLW 
assessment of energy requirements. 
However, the cost of the DLW meth-
od limits its application in large-scale 
studies. A more practical alternative, 
which is often used to recognize un-
derreporting, is the application of the 
ratio of reported energy intake to bas-
al metabolic rate (BMR), by analogy 
with the ratio of daily energy expen-
diture to BMR known as the physical 
activity level (PAL). A cut-off limit for 
the ratio of reported energy intake to 
BMR is set at a minimum value, often 
1.3 [13]. However, cut-off limits do not 
take variation in individual PAL values 
into account, although more recently 
this has become the practice in the 
analysis of epidemiological studies 
[14]. A subject with a reported intake 
of 10 MJ/day and a PAL value of 1.4 
could be a correct reporter, whereas 
the energy expenditure, and thus the 
intake, of the same subject should be 
more than 14 MJ/day when the PAL 
value is 2.0. Therefore, to validate 
reported energy intake, one should 
use a combination of BMR and phys-
ical activity. BMR can be measured 
or estimated with an equation from 
the literature, based on the height, 
weight, age, and sex of the subject 
[15]. Physical activity can be estimat-
ed with a DLW-validated accelerom-
eter to record body movement [16].

In conclusion, before data on 
reported intake are interpreted, 
misreporters should be identified. 
This will result in the exclusion 
of much, if not most, of the data, 
especially for studies in overweight 
and obese subjects. Therefore, it was 
recently advised that the scientific 
and medical communities should 
discontinue reliance on self-reported 
energy intake as a measure of energy 
intake [17].

energy and macronutrient intake 
are different between subjects, and 
how overweight and obesity affect 
energy expenditure. Subsequently, 
interventions to control the obesity 
epidemic are reviewed, with a focus 
on dietary and exercise interventions.

Dietary intake and obesity

Since the application of the DLW 
technique for measuring energy re-
quirements in free-living humans, it 
is known that reported dietary intake 
is generally lower than habitual di-
etary intake. Previously, overweight 
and obesity as derived from reported 
dietary intake were associated with a 
reduced energy requirement. A typical 
example is shown in Fig. 5.1. In wom-
en, reported energy intake is indepen-
dent of body weight, whereas in men, 
reported intake is significantly lower in 
heavier subjects. For the same sub-
jects and in both sexes, the difference 
between measured expenditure and 
reported intake is significantly high-
er in heavier subjects than in leaner 
ones. Heavier subjects tend to show 
more underreporting of dietary intake 
compared with leaner ones [10], lead-
ing to erroneous conclusions from in-
take as reported.

Underreporting of food intake 
seems to be more of a concern for 
specific food items, which are gener-
ally considered to be “bad for health”. 
An example is the inverse relation-
ship between fat intake and obesity, 
called the American paradox [11]. In 
the adult population, the prevalence of 
overweight has increased while at the 
same time reported energy intake and 
percentage of energy derived from fat 
appear to have decreased. This is very 
likely to be due to selective underre-
porting. For example, a DLW study 
in obese subjects showed a nega-
tive correlation between the reported 
percentage of energy from fat in the 
diet and the amount of underreporting 
[9]. In the case of no underreporting, 
the percentage of energy from fat 

Energy expenditure and 
obesity

The main determinants of total en-
ergy expenditure, and thus of ener-
gy requirement, are body size and 
physical activity. Body size and body 
composition determine maintenance 
metabolism (BMR), which is the larg-
est of the three components, making 
up 50–70% of total energy expen-
diture. Body movement or physical 
activity determines activity-induced 
energy expenditure, the most vari-
able component of total daily energy 
expenditure. The third component, 
diet-induced energy expenditure, is 
generally assumed to be 10% of total 
daily energy expenditure in subjects 
who consume the average mixed diet 
and are in energy balance [18].

Maintenance metabolism is deter-
mined mainly by fat-free body mass. 
Overweight and obese subjects typi-
cally have a larger fat mass but also 
a larger fat-free mass compared with 
lean subjects [19]. Excess energy 
during weight gain in adult subjects  
is stored as fat mass and fat-free  
mass in an energy ratio of 95:5 or in 
a mass ratio of 75:25 [20]. The larg-
er fat-free body mass in overweight 
and obese subjects implies a higher 
maintenance metabolism. Mainte-
nance metabolism in morbidly obese 
subjects is generally higher than total 
daily energy expenditure in lean sub-
jects, possibly limiting activity-induced 
energy expenditure and resulting in a 
lower PAL [21].

Activity-induced energy expendi-
ture is determined by body movement 
and body mass. In the same environ-
ment, body movement as measured 
with an accelerometer is higher in 
lean subjects than in overweight sub-
jects. A study of adolescents attending  
the same school showed similar 
activity-induced energy expendi-
ture for lean subjects and obese 
subjects, whereas body movement 
was lower in obese subjects than in 
lean subjects (Fig. 5.2). Overweight 
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Fig. 5.1. Reported energy intake as measured with a 7-day food record (a) and measured energy expenditure as 
measured simultaneously with the doubly labelled water method (b) in the same subjects, plotted as a function of 
body weight for women (filled dots) and men (open dots), with the linear regression lines shown when there was a 
significant relationship. (c) Intake misreporting, calculated as (reported energy intake – measured energy expendi-
ture)/measured energy expenditure, is plotted as a function of body mass index. Data from Meijer et al. (1992) [7], 
Westerterp et al. (1996) [8], and Goris et al. (2000) [9]. Republished with permission of John Wiley & Sons, Inc., from 
Lovegrove JA, Hodson L, Sharma S, Lanham-New SA, editors (2015). Nutrition research methodologies. Permis-
sion conveyed through Copyright Clearance Center, Inc.
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implies less physical activity, i.e. less 
body movement, but because of the 
larger body weight, the decreased 
body movement still results in similar 
or even higher activity-induced energy 
expenditure.

In conclusion, due to a larger 
body size, overweight induces a 
higher maintenance requirement, and 
obese subjects are less physically 
active than normal-weight subjects, 
although activity-induced energy ex-
penditure is not necessarily lower.

Dietary and exercise 
interventions to control  
the obesity epidemic

Interventions to induce weight loss 
in overweight and obese subjects 
include a reduction of energy intake, 
an increase in energy expenditure 
through exercise, or both, aiming for 
a negative energy balance. Whatever 
the intervention, the success rate for 
long-term weight loss is low [23, 24]. 
First, compliance with an energy-re-
stricted diet is low, resulting in less 
weight loss than expected. Second, 
compensatory mechanisms reduce 
the discrepancy between energy in-
take and energy expenditure required 
to induce weight loss [25].

Energy restriction induces a reduc-
tion in all three components of daily 
energy expenditure: maintenance 
metabolism, diet-induced energy ex-
penditure, and activity-induced energy 
expenditure. The reduction in mainte-
nance metabolism is larger than that 
expected from the loss of fat-free mass 
and fat mass and is positively relat-
ed to the amount of weight lost [26].  
The reduction in diet-induced energy 
expenditure is a direct consequence 
of the reduction in the amount of 
food consumed. The reduction in  
activity-induced energy expenditure is 
not only through a reduction of body 
weight but also through an energy 
restriction-induced reduction of body 
movement as measured with an  
accelerometer [27].

The potential of exercise pro-
grammes to induce weight loss is lim-
ited by several factors. Overweight 
and obesity reduce the exercise ca-
pacity of the body. In addition, it is dif-

ficult to comply with an exercise pro-
gramme without compensating for an 
exercise-induced increase in energy 
expenditure by increasing energy in-
take [28]. Finally, exercise-induced 
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Fig. 5.2. (a) The three components of total energy expenditure – basal met-
abolic rate (BMR), diet-induced energy expenditure (DEE), and activity-in-
duced energy expenditure (AEE) – and (b) physical activity, measured with 
an accelerometer and averaged hourly, as observed in lean and obese ado-
lescents from the same school. BMR and DEE are higher in obese subjects 
than in sex-matched lean subjects (P < 0.001), whereas AEE is similar in 
lean and obese subjects, and physical activity is lower in obese subjects. 
Data from Ekelund et al. (2002) [22].
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energy expenditure is compensated 
for by a reduction in non-exercise ac-
tivity thermogenesis, especially when 
subjects are in a negative energy bal-
ance [29, 30].

In conclusion, adaptive responses 
limit the effect of energy restriction and 
exercise on energy balance in over-
weight and obese subjects. Therefore, 
weight loss is lower than expected, 

and very few people are successful 
in maintaining weight loss to achieve 
a healthier weight.

•  Before data on reported intake are interpreted, misreporters should be identified.

•  Overweight and obese subjects have a higher energy requirement than lean subjects, because of a higher 
maintenance requirement.

•  Obese subjects move less than normal-weight subjects, although activity-induced energy expenditure is 
not necessarily lower.

•  Adaptive responses limit the effect of energy restriction and exercise on energy balance in overweight 
and obese subjects.

•  Eating less is the most effective method for preventing weight gain.

Key points

•  Studies are needed on determinants of energy intake, to develop strategies for successful long-term weight 
maintenance by limiting energy intake, in an environment where food availability stimulates the majority 
of the population to overeat.
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utes per week of moderate-intensity 
physical activity for overweight or 
obese adults to improve their health, 
and 200–300 minutes per week for 
long-term weight loss [1]. Moder-
ate-intensity activities are those that 
require 3–6 times as much energy as 
sitting quietly. In 2002, the Institute of 
Medicine of the National Academies 
recommended 60 minutes per day of 
moderate-intensity physical activity 
for prevention of unhealthful weight 
gain [2]. In 2003, the International 
Association for the Study of Obesity 
advocated 40–50 minutes per day 
of moderate-intensity physical ac-
tivity for prevention of obesity, and 
60–90 minutes per day for prevention  
of weight regain in formerly obese  
individuals [3].

Setting definitions for clinical-
ly significant weight loss has been 
challenging, in part because health 
gains related to weight maintenance 
or weight loss probably operate under 
a continuum and are not based on 

Insufficient levels of daily physical 
activity play a potentially major role in 
contributing to the obesity epidemic 
that currently affects both developed 
and developing countries. Therefore, 
physical activity has become a vital 
part of public health strategies for 
prevention of weight gain, for weight 
loss, and for prevention of weight 
regain after weight loss. In fact, vir-
tually all public health agencies and 
scientific organizations recommend 
physical activity as part of weight 
management, including but not limit-
ed to the World Health Organization 
(WHO), the United States Centers 
for Disease Control and Prevention 
(CDC), the National Heart, Lung, and 
Blood Institute, the American Heart 
Association, the American College 
of Sports Medicine (ACSM), and the 
World Obesity Federation, as well  
as several national and regional 
guidelines.

In 2001, the ACSM issued guide-
lines recommending at least 150 min-

a particular threshold. Despite this 
issue, some have operationalized 
the definition of weight maintenance 
as a change of ≤ 5 lb (≤ 2.3 kg) [4] 
or < 3% of body weight [5], with a 
weight change of > 5% considered 
to be clinically significant [5].

This chapter discusses whether 
physical activity is effective for pre-
vention of weight gain, for weight 
loss, and for prevention of weight re-
gain after weight loss. This chapter 
focuses primarily on adults.

Physical activity and prevention 
of weight gain

Primary prevention of obesity begins 
with weight maintenance, not weight 
reduction. Long-term observation-
al studies of physical activity in re-
lation to weight maintenance fairly 
consistently show a relationship 
between the two. For example, the 
prospective Harvard cohorts showed 
that women and men who reported 
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the effect of isolated physical activi-
ty on weight loss among overweight 
and obese individuals from random-
ized clinical trials and reported that 
120–240 minutes per week of aero-
bic exercise at intensities of 40–85%  
of maximum heart rate were relat-
ed to weighted mean differences  
in  weight of −1.6 kg (95% confidence 
interval [CI], −1.64 to −1.56 kg) for 
6-month programmes and −1.7 kg  
(95% CI,−2.29 to −1.11 kg) for 12-month 
programmes. The authors concluded 
that isolated aerobic exercise is not 
an effective weight-loss therapy but 
may be effective in conjunction with 
diets [10].

Most recommendations from pub-
lic health organizations and govern-
ment agencies use both physical ac-
tivity and dietary energy restriction for 
weight loss. Weight-loss programmes 
vary considerably with respect to the 
amount of physical activity used and 
the level of energy restriction imposed, 
with a greater energy deficit yielding 
a more pronounced weight loss. Ev-
idence suggests that dietary energy 
restriction combined with physical 
activity results in greater weight loss 
than dietary energy restriction alone. 
For example, a Cochrane review  
involving 1049 subjects from 14 trials 
with follow-up of 3–12 months com-
pared exercise plus diet versus diet 
alone and reported a weight loss of 
−1.1 kg (95% CI, −1.5 to −0.6 kg) in 
the exercise-plus-diet group versus 
the diet-only group [11]. Similarly, 
pooling the data from 452 subjects 
from five trials yielded a reduction in 
body mass index (BMI) of −0.4 kg/
m2 (95% CI, −0.7 to −0.1 kg/m2) in 
the exercise-plus-diet group versus 
the diet-only group [11]. Physical ac-
tivity and dietary energy restriction 
yield comparable weight loss if they 
offer similar amounts of negative 
energy balance. Importantly, energy 
restriction combined with exercise 
training is more effective than en-
ergy restriction alone for increasing 
loss of fat mass and preserving lean 

increasing their recreational activity 
levels by 23.2 metabolic equivalent 
(MET)-hours per week (top quin-
tile) gained 1.76 lb less (0.8 kg less) 
within the next 4 years of follow-up 
than those who decreased their ac-
tivity levels by 16.3 MET-hours per 
week (bottom quintile) [6]. One MET 
is defined as the ratio of the energy 
consumed during a specific activity 
to the energy consumed while sitting 
quietly (3.5 mL O2 kg−1 min−1). Sim-
ilarly, the 15-year Coronary Artery 
Risk Development in Young Adults 
(CARDIA) Study reported that each 
0.5 hour per day of walking, the most 
popular type of recreational activity 
among adults, was associated with 
0.15 kg/year less weight gain in men 
and 0.29 kg/year less weight gain in 
women, with stronger associations 
noted among those with a larger 
baseline weight [7]. Taken togeth-
er, these long-term epidemiological 
investigations indicate that moder-
ate-intensity physical activity is as-
sociated with prevention of weight 
gain. A 2009 position paper from 
the ACSM stated that 150–250 min-
utes per week of moderate-intensity 
physical activity is effective to prevent 
weight gain [8].

Physical activity and weight loss

A negative energy balance brought 
about by physical activity will lead to 
weight loss, with a greater negative 
energy balance resulting in a more 
pronounced weight loss. Directed 
research on the long-term effect of 
physical activity on weight loss has 
been sparse. A 12-month random-
ized controlled trial found a cumu-
lative weight loss of 1.8 kg in men 
and 1.4 kg in women for those engag-
ing in moderate to vigorous activity 
for 60 minutes per day, 6 days per  
week [9]. By comparison, sedentary 
controls gained 0.1 kg (men) and 0.7 kg 
(women) during that period. A recent 
systematic review and meta-analysis 
examined the available evidence on 

body mass, and therefore it leads to a 
more desirable effect on overall body 
composition [12].

Moreover, physical activity of 
high intensity leads to more pro-
nounced weight loss than physical 
activity of lower intensity. This is in-
dicated by pooled data on a compar-
ison of high-intensity versus low-in-
tensity exercise without changes in 
diet during 3.5–12-month periods 
in 317 subjects from four trials, in 
which the high-intensity-exercise 
group showed a reduction in weight 
of −1.5 kg (95% CI, −2.3 to −0.7 kg) 
compared with the low-intensity- 
exercise group [11].

According to the 2009 ACSM po-
sition paper, physical activity demon-
strates a dose–response relationship 
with weight loss, such that < 150 min-
utes per week of moderate-intensi-
ty physical activity yields minimal 
weight loss, > 150 minutes per week 
of moderate-intensity physical activ-
ity results in weight loss of 2–3 kg, 
and 225–420 minutes per week of 
moderate-intensity physical activity 
leads to weight loss of 5–7.5 kg [8]. 
In addition to the effect of physical 
activity on weight loss, regular exer-
cise yields numerous health benefits 
independent of weight loss, such as 
improvements in insulin action, blood 
lipids, endothelial function, haemo-
static factors, and blood pressure 
[13].

Physical activity and prevention 
of weight regain after weight 
loss

Most people are able to lose weight 
but have considerable difficulty 
maintaining weight loss. Physical 
activity is widely endorsed as being 
indispensable for long-term weight 
maintenance [1] and is frequently 
referred to as a stable predictor of 
weight maintenance after weight loss 
[14]. The evidence for maintenance  
of weight loss is far less abundant 
than that for initiation of weight loss. 
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A recent systematic review and  
meta-analysis of randomized con-
trolled trials on long-term mainte-
nance of weight loss reported that the 
combination of physical activity and 
dietary energy restriction resulted 
in a difference of −1.56 kg (95% CI, 
−2.27 to −0.86 kg) in weight regain 
compared with controls at 12 months 
[15]. There was no evidence of ef-
fectiveness for interventions involv-
ing physical activity only. An earlier 
systematic review that also included 
observational studies reported that 
individuals who engaged in physi-
cal activity experienced less weight 
regain than their sedentary counter-
parts, but confounding by a healthy 
lifestyle or reverse causation by bet-
ter exercise adherence among those 
with less weight regain could not be 
ruled out [16]. Taken together, find-
ings from observational studies and 
controlled trials show inconsistent 
results, and the volume of physical 
activity needed to prevent weight re-
gain after weight loss remains poor-
ly defined. Despite these uncertain-
ties, the 2009 ACSM position paper 
suggested that weight maintenance 
after weight loss is improved with 
> 250 minutes of physical activity 
per week [8].

Resistance training

Resistance training has not been con-
sidered a major contributor to weight 
loss, because the energy expenditure 
associated with weight training is gen-
erally less than that associated with a 
typical aerobic exercise session of the 
same duration. In addition, resistance 
exercise increases fat-free mass, po-
tentially leading to a net gain in body 
weight. However, resistance exercise 
is associated with acute stimulation of 
metabolic rate and fat oxidation, and 
it enhances total energy expenditure 
because of increased muscle mass; 
this provides some rationale for  
examining its relationship to weight 
loss [17].

Intervention studies have consis-
tently found no effect of resistance 
exercise on reducing body weight [8] 
or visceral adipose tissue [18]. The 
combination of resistance and aero-
bic exercise may enhance loss of fat 
mass compared with resistance ex-
ercise alone. A recent meta-analysis 
of 15 trials with 741 participants com-
pared the effect of 2.5–6 months of 
aerobic training and resistance train-
ing on weight loss in overweight and 
obese subjects and reported that com-
pared with resistance training, aerobic 
training produced greater decreases 
in body weight (mean difference [MD], 
−1.15 kg; 95% CI, −2.23 to −0.07 kg), 
waist circumference (MD, −1.10 cm; 
95% CI, −1.85 to −0.36 cm), and fat 
mass (MD, −1.14 kg; 95% CI, −1.83 
to −1.45 kg) [19]. However, resistance 
training was more effective than aer-
obic training in increasing lean body 
mass (MD, 1.26 kg; 95% CI, 0.71 to 
1.81 kg). Moreover, compared with 
resistance training alone, the com-
bination of aerobic and resistance 
training yielded more pronounced 
reductions in body weight (MD, 
−2.03 kg; 95% CI, −2.94 to −1.12 kg), 
waist circumference (MD, −1.57 cm; 
95% CI, −2.38 to −0.75 cm), and fat 
mass (MD, −1.88 kg; 95% CI, −2.67 
to −1.08 kg), whereas the combina-
tion of aerobic and resistance training 
generated a greater increase in lean 
body mass (MD, 0.90 kg; 95% CI, 
0.31 to 1.48 kg) than aerobic train-
ing alone [19]. These pooled findings 
on the combination of aerobic and 
resistance training need to be in-
terpreted with caution, because the 
total volume of exercise prescribed 
in some of the combination training 
groups was greater than the respec-
tive volumes in the aerobic training 
and resistance training groups. Not-
withstanding the potential confound-
ing effects of training volume, these 
data suggest that the combination of 
aerobic and resistance training may 
be the most efficacious exercise train-
ing modality for weight loss.

Few studies have examined the 
effects of resistance exercise on 
prevention of weight gain. One ran-
domized trial assessed the efficacy 
of a 2-year strength programme in 
164 overweight and obese pre-
menopausal women and reported 
decreased percentage of body fat 
(2-year change of −3.68% ± 0.99% 
vs −0.14% ± 1.04% in controls) and 
attenuated intra-abdominal fat (2-
year change of 7.05% ± 5.07% vs 
21.36% ± 5.34% in controls) [20]. 
These results are relevant to obe-
sity prevention programmes be-
cause most weight gain in adults  
is assumed to be fat, including ab-
dominal fat.

Data about the influence of re-
sistance training on prevention of 
weight regain after weight loss are 
also sparse. One trial assigned 90 
middle-aged, obese, physically inac-
tive men to a 2-month very-low-en-
ergy diet followed by randomization 
into 6 months of resistance training, 
walking, or no exercise [21]. The re-
sults showed that resistance training 
initially attenuated the regain of fat 
mass during the exercise programme. 
However, there were no differences 
in weight regain between the groups 
after 23 months of follow-up, which 
was explained by poor long-term ad-
herence to the prescribed exercise  
programme [21].

Sedentary behaviour

In recent years, physical activity re-
search has expanded its focus to 
include the potentially detrimental 
effects of sedentary behaviour on 
energy balance. The prevalence of 
sedentary behaviour has increased 
markedly in recent years, with objec-
tively assessed measures showing 
that adults spend 50–60% of their 
day sedentary [22]. Sedentary be-
haviour occurs in various domains 
of life, including television or video 
viewing, computer use, reading, or 
sitting at a desk, at a counter, or in 
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a bus, car, or train. Prolonged time 
spent sedentary decreases energy 
expenditure and displaces light-in-
tensity physical activities, potentially 
leading to weight gain over time. Al-
though sedentary behaviour shows 
an inverse relationship with light-in-
tensity physical activity, it can be 
conceptualized as a lifestyle factor 
that can coexist with moderate to vig-
orous physical activity [23]. Current 
public health programmes to reduce 
obesity have focused largely on de-
creasing dietary energy intake and 
increasing physical activity but have 
paid little attention to decreasing time 
spent sedentary.

The Nurses’ Health Study exam-
ined the association between seden-
tary behaviours, in particular televi-
sion viewing, and risk of obesity [24]. 
The findings showed that time spent 
watching television was positively re-
lated to risk of obesity. Specifically, 
each increment of 2 hours per day 
in television watching was associ-
ated with a 23% (95% CI, 17–30%) 
increase in obesity after adjusting for 
age, smoking, diet, and physical ac-
tivity. Also, each increment of 2 hours 
per day in sitting at work was asso-
ciated with a statistically non-signifi-
cant 5% (95% CI, 0–10%) increase 
in obesity. These results highlight 
the potential value of decreasing pro-
longed television watching and other 
sedentary behaviours for preventing 
obesity in adults.

Computer gaming and use of so-
cial media are additional important 
sources of time spent sedentary, 
particularly among young adults. A  
prospective cohort study of 2593 
young adults aged 20–24 years in 
Sweden examined the association 
between leisure-time computer use 
for gaming/emailing/chatting and 
overweight development during 

5 years of follow-up [25]. Compared 
with those who reported no computer 
gaming, women with a high volume of 
computer gaming (> 2 hours per day) 
had an odds ratio of developing over-
weight of 3.0 (95% CI, 1.29–6.83) af-
ter adjustment for age, occupation, 
social support, physical activity, 
sleep, and total computer use. No 
statistically significant association 
was noted among men (odds ratio, 
1.4; 95% CI, 0.77–2.66). In addition, 
no statistically significant relation-
ships emerged between leisure-time 
emailing/chatting and overweight in 
either women or men. The findings 
from this small cohort study suggest 
that sedentary behaviour that occurs 
during computer gaming is a potential 
risk factor for overweight, but further 
research is needed.

Sedentary behaviour is also an 
independent risk factor for obesity 
in children and adolescents. In fact, 
preventing childhood obesity has 
been described as the most favour-
able approach to reversing the glob-
al obesity epidemic. A recent me-
ta-analysis of 25 studies compared 
three types of interventions with 
regard to their potential of reduc-
ing BMI in children: (i) interventions 
aimed at decreasing sedentary be-
haviours, (ii) interventions aimed at 
decreasing sedentary behaviours in 
combination with promoting physical 
activity, and (iii) interventions aimed 
at decreasing sedentary behaviours 
in combination with promoting phys-
ical activity and improving dietary 
habits [26]. The results indicated that 
interventions aimed at decreasing 
sedentary behaviours had a signifi-
cant effect on reducing BMI, and that 
effect sizes of multicomponent inter-
ventions did not differ significantly 
from those of the single-component 
interventions.

Physical activity and appetite 
regulation

At habitually high levels of energy 
expenditure, energy intake appears 
to be matched to energy expenditure, 
resulting in maintenance of energy 
balance. However, at low levels of 
energy expenditure, homeostatic 
regulation of appetite control is lost 
and fails to restrain appetite to the 
low levels required to maintain en-
ergy balance. There is evidence that 
enhanced appetite control with high 
levels of energy expenditure oper-
ates through a mechanism involving 
augmented insulin and leptin sensi-
tivity brought about by decreased fat  
mass [27].

Conclusions

Moderate-intensity physical activity 
performed for 150–250 minutes per 
week appears to prevent weight gain 
and may produce modest weight 
loss in adults. Greater amounts of 
moderate-intensity physical activity 
(> 250 minutes per week) are re-
quired for weight maintenance after 
weight loss. Resistance exercise 
does not appear to decrease body 
weight or body fat, but it promotes 
gain of lean body mass, and the 
combination of resistance exercise 
and aerobic exercise seems to be 
optimal for weight loss. Increased 
physical activity decreases levels 
of risk factors for chronic diseases, 
independent of its impact on regu-
lating body weight. Moreover, sed-
entary behaviour is an independent 
risk factor for the development of 
overweight and obesity.
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of chronic diseases [1], and is the 
consequence of sustained positive 
energy balance over time.

Factors that influence energy 
balance can be considered as relat-
ing to the host (i.e. people), the envi-
ronment (i.e. the set of external fac-
tors to which people are exposed), 
and the vector (i.e. foods and drinks). 
These factors interact in a complex 
way to influence eating and drink-
ing patterns as well as activity be-
haviours. Although these factors are 
experienced at the individual level 
as the acceptability, availability, and 
affordability of foods, drinks, and 
activity behaviours, their roots lie in 
policies and actions that determine 
the environment, which may be lo-
cal, national, or international [2].

Apart from non-modifiable fac-
tors, other characteristics may influ-
ence energy balance – in particular, 
the amount of energy expended in 
physical activity. Increasing ener-
gy expenditure might be expected 

Understanding the relationship 
between energy balance and obe-
sity is a challenge, particularly in 
low- and middle-income countries 
(LMICs), where data are limited. 
Most of the studies have been con-
ducted in high-income countries, and 
the results may not be generalizable 
to other settings because of differ-
ences in population characteristics.

This chapter provides an over-
view of studies focusing on determi-
nants of obesity (adiposity) relating 
to dietary intake (energy intake) and 
physical activity (energy expendi-
ture) and proposes study designs 
that could be implemented in LMICs 
to improve the understanding of  
the main drivers of obesity in these 
countries.

Determinants of obesity

Obesity is defined as a state of ex-
cess adiposity that presents a risk to 
health, for example increased risk 

not to influence energy balance, 
because of appetite control mech-
anisms that feed back and tend to 
maintain balance. However, there is 
evidence that at the low levels of ac-
tivity characteristic of many high-in-
come countries and increasingly of 
LMICs, this feedback operates im-
perfectly and does not suppress ap-
petite to the low levels necessary to 
maintain energy balance [3]. Many 
factors relating to the foods and 
drinks consumed have been shown 
to influence the amount consumed 
or energy balance over the short to 
medium term, such as energy densi-
ty and portion size [4, 5].

Measurement of adiposity

Several measures for overweight 
and obesity have been used in ep-
idemiological studies. However, it 
is important to be aware that such 
measures are imperfect markers of 
the internal physiological processes 
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tiometry (DEXA), ultrasonography, 
computed tomography, and mag-
netic resonance imaging [11, 12]. 
These methods show excellent re-
producibility and validity [13] and are 
increasingly being used to measure 
body composition at the tissue or or-
gan level, particularly in small-scale 
studies that require a high level of 
accuracy. However, because of high 
costs and lack of portability, their 
use in large-scale epidemiological 
studies tends to be as reference 
methods [14].

Understanding nutritional 
determinants of obesity

Experimental data

Prevention of weight gain and/or 
maintenance of weight loss

Short- to medium-term experimen-
tal data in humans can illuminate 
the possible physiological and oth-
er mechanisms underpinning how 
foods, drinks, and nutrients might 
promote energy overconsumption 
and positive energy balance.

In such studies, factors relating 
to the host include genetic variants 
that are associated with higher risk 
of obesity; these variants tend to be 
related to appetite regulation rath-
er than to energy metabolism at a 
whole-body or cellular level [15]. 
Such studies may also include the 
impact of early-life events, so that 
child growth trajectories can predict 
later risk of obesity. Thus, children 
tend to maintain their BMI ranking 
within their population throughout 
childhood, particularly after the age 
of 11 years [16]. Also, the timing of 
the rebound in BMI in childhood 
(the so-called adiposity rebound) 
predicts later obesity, with an ear-
lier rebound indicating a higher 
risk of obesity [17]. However, such  
factors are not modifiable in later 
life, although the effects might be 
mitigated.

that are the actual drivers of cancer 
development.

Body mass index (BMI) is de-
fined as the quotient between weight 
in kilograms and height in metres 
squared  (kg/m2);  overweight  and 
obesity are conventionally defined 
in relation to cut-offs of 25 kg/m2 and 
30 kg/m2, respectively [6]. BMI is the 
most commonly used marker of body 
composition in epidemiological stud-
ies, because of the simplicity of as-
sessment and the high precision and 
accuracy. However, it does not differ-
entiate between lean and adipose tis-
sue or take into account fat distribu-
tion, which varies across individuals, 
among ethnicities, and throughout 
the lifespan. Nevertheless, BMI at a 
population level is a useful marker of 
or proxy for adiposity.

Waist circumference (WC) and 
waist–hip ratio (WHR) are useful 
tools to identify abdominal obesity, 
commonly defined as WHR ≥ 0.90 
for men and ≥ 0.85 for women, with 
WC cut-offs varying according to 
sex and ethnicity [7]. However, these 
measures cannot clearly differenti-
ate between visceral and subcuta-
neous fat compartments [8]. Skin-
fold thickness can be used to predict 
body fat and its distribution, but it is 
particularly prone to measurement 
error and is generally unfeasible for 
use in large studies. Bioelectrical 
impedance analysis estimates lean 
and fat mass based on the principle 
that resistance to an electrical cur-
rent is greater in adipose tissue than 
in lean tissue. Bioelectrical imped-
ance analysis is an accurate and re-
producible measure of body compo-
sition [9], but the body composition 
estimates from this method do not 
appear to yield stronger correlations 
with biomarkers of chronic disease 
risk than BMI does [10].

More direct measures of body 
composition are available, such as 
air displacement plethysmography, 
underwater weighing (hydrodensi-
tometry), dual-energy X-ray absorp-

There is evidence that people 
who are more physically active, and 
those who spend less time seden-
tary, are less likely to gain excess 
weight in adulthood. Results from 
intervention trials have been incon-
sistent, but based on observational 
studies conducted among Cauca-
sian adults, an increase in energy 
expenditure through physical activ-
ity of approximately 6300–8400 kJ/
week (1500–2000 kcal/week) was 
associated with improved weight 
maintenance [18].

These host factors may also in-
teract with other factors related to 
the vector (foods and drinks). For 
example, in studies of young men 
eating ad libitum diets of different 
energy density for up to 3 weeks, 
Stubbs et al. found that the higher 
the level of activity, the more likely 
people were to avoid positive energy 
balance [19]. At high levels of energy 
density (60% of energy as fat), only 
the most active people remained in 
energy balance, whereas the least 
active were able to maintain energy 
balance only at low levels of energy 
density (20% of energy as fat). How-
ever, this trial was conducted among 
a small number of participants and 
for a short duration (2 weeks).

Long-term  (>  1  year)  experimen-
tal data are also available. In the 
long-term Prevención con Dieta 
Mediterránea (PREDIMED) study, 
with a follow-up of 4 years, the im-
pact of a non-calorie-restricted tra-
ditional Mediterranean diet enriched 
with nuts and olive oil (two high- 
energy foods) was compared with 
that of a control diet consisting of 
advice on a low-fat diet. No sub-
stantial weight gain was observed in 
the group eating the enriched Medi-
terranean diet [20]. In the European 
Prospective Investigation into Can-
cer and Nutrition (EPIC), among par-
ticipants with baseline BMI < 25 kg/
m2, dietary energy density was weak-
ly associated with weight change, 
whereas among participants with 
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BMI > 25 kg/m2, greater energy den-
sity was inversely associated with 
weight change [21]. The long-term 
impact of different macronutrient 
proportions, of the food sources of 
those macronutrients, and of ener-
gy density on adiposity and the de-
velopment of obesity remains to be 
more precisely clarified.

There is also evidence that spe-
cific foods, drinks, or food compo-
nents can have an impact on energy 
homeostasis. A recent systematic re-
view of randomized controlled trials 
(RCTs) and prospective cohort data 
on dietary sugar and body weight 
concluded that among free-living 
people eating ad libitum diets, intake 
of free sugars or sugar-sweetened 
beverages is a determinant of body 
weight. The change in body fatness 
that occurs when intake is modified 
appears to be mediated via changes 
in energy intakes, because isoener-
getic exchange of sugars with other 
carbohydrates was not associated 
with weight change [22]. In addition, 
in a small experimental study that 
compared isoenergetic meals with 
low and high glycaemic index (GI), 
plasma glucose (2-hour area under 
the curve) after the high-GI meal was 
2.4 times that after the low-GI meal. 
Thereafter, compared with the low-
GI meal, the high-GI meal decreased 
plasma glucose, increased hunger, 
and selectively stimulated brain re-
gions associated with reward and 
craving in the late postprandial peri-
od. This suggests that reduced con-
sumption of high-GI carbohydrates 
(specifically, highly processed grain 
products, potatoes, and concentrat-
ed sugar) may ameliorate overeat-
ing and facilitate maintenance of a 
healthy weight in overweight and 
obese individuals [23].

Evidence from RCTs conducted 
in children and adolescents indicates 
that consumption of sugar-sweet-
ened beverages, compared with 
non-calorically sweetened beverag-
es, results in greater weight gain and 

larger increases in BMI; however, the 
evidence is limited to a small num-
ber of studies. The findings of these 
trials suggest that there is inade-
quate energy compensation (degree 
of reduction in intake of other foods 
and drinks) for energy delivered as 
sugar [24]. However, a recent RCT 
showed a similar effect of a low-fat 
diet and a low-glycaemic-load diet 
on BMI over 24 months among His-
panic children [25]. There is incon-
sistent evidence that dietary fibre 
has an impact on energy balance 
but some evidence that wholegrain 
foods may help maintain energy bal-
ance [24].

For prevention of weight gain, 
few reported interventions have 
continued for more than 12 months; 
therefore, extrapolation to lifelong 
effectiveness should be done with 
caution. A review of diet and nutri-
tion factors in relation to prevention 
of weight gain found evidence that 
protective factors against obesity 
were regular physical activity (con-
vincing), a high intake of dietary 
non-starch polysaccharides/fibre 
(convincing), home and school en-
vironments that support healthy 
food choices for children (probable), 
and breastfeeding (probable). Risk 
factors for obesity were sedentary 
lifestyles (convincing), a high intake 
of energy-dense, micronutrient-poor 
foods (convincing), heavy marketing 
of energy-dense foods and fast-food 
outlets (probable), sugar-sweetened 
soft drinks and fruit juices (proba-
ble), and adverse social and eco-
nomic conditions (in developed 
countries, especially for women) 
(probable) [26].

Understanding weight loss

There is copious evidence relating 
to various strategies for promoting 
weight loss through negative ener-
gy balance among overweight and 
obese people, although there is less 
evidence relating specifically to main-

taining energy balance (or preventing 
weight gain and obesity). In addition, 
long-term data from RCTs for obesity 
prevention are more difficult to obtain 
than those from trials for weight loss.

For weight loss, there is wide-
spread but not universal agreement 
that limiting the proportion of dietary 
energy from fat (or energy density) 
helps to reduce ad libitum energy 
intake [27]. More recently, evidence 
has accrued for the effects of inter-
mittent partial fasting for 2 days per 
week [28]. Avoiding calorific bever-
ages, especially sugar-sweetened 
beverages, aids weight control [29], 
because consumption of these bev-
erages is not followed by adequate 
compensation in subsequent intake. 
Simple calorie counting appears to 
be relatively ineffective. A recent me-
ta-analysis of RCTs comparing the 
long-term effect (≥ 1 year) of dietary 
interventions on weight loss showed 
that low-carbohydrate interventions 
led to significantly greater weight 
loss than did low-fat interventions 
(18 studies), and that low-fat inter-
ventions did not lead to differences in 
weight change compared with other, 
higher-fat interventions (19 studies) 
[30]. In a 2-year trial, obese subjects 
were randomly assigned to one of 
three diets: low-fat, restricted-calorie; 
Mediterranean, restricted-calorie; or 
low-carbohydrate, restricted-calorie. 
For the Mediterranean-diet group 
and the low-carbohydrate group, 
weight loss was similar and signifi-
cantly higher than that for the low-
fat group. Among the subjects with 
diabetes, the Mediterranean diet led 
to larger changes in plasma glucose 
and insulin levels compared with the 
low-fat diet [31].

The addition of a physical activity 
component improves the efficacy of 
a dietary intervention, but physical 
activity alone has not been shown 
to lead to weight loss (possibly be-
cause in obese people it is difficult 
to achieve a sufficient volume of 
activity). Physical activity is helpful 
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in weight maintenance after weight 
loss [18].

A review of workplace and com-
munity interventions found some 
evidence for the effectiveness of 
these interventions in changing diet 
and physical activity behaviours but 
limited evidence for their effective-
ness in changing BMI [32]. However, 
many interventions are of relatively 
short duration, whereas changes in 
BMI are more distal outcomes.

Most of these studies were con-
ducted in high-income countries. 
This emphasizes the importance of 
conducting studies in LMICs, in par-
ticular long-term dietary intervention 
trials focusing on alternative dietary 
patterns with foods readily available 
in these countries to propose viable 
changes in nutritional behaviours.

Epidemiological data

Population surveys, etiological and 
population intervention studies, and 
implementation research are all 
important to develop the evidence 
base to tackle the rise in the prev-
alence of obesity associated with 
changing dietary and physical activ-
ity patterns.

Population surveys in represen-
tative samples combining the evalu-
ation of diet, physical activity, and an-
thropometry and chronic outcomes 
enable the capture of baseline infor-
mation and provide an indicator of 
the health status of the population 
[33]. Repeated surveys would enable 
the evaluation of trends and chang-
es over time at the population level. 
Although cross-sectional analysis 
of these data limits interpretations 
on causality, it can provide good in-
dications of the major determinants 
of obesity in that population. For 
example, Aburto et al. compared 
overweight and obese children with 
non-overweight children and ob-
served a strong association between 
dietary energy density and body 
mass status [34]. An analysis of data 

from the National Health and Nutri-
tion Examination Survey (NHANES) 
showed that among children and 
adolescents, replacement of sug-
ar-sweetened beverages with wa-
ter was associated with reductions 
in total energy intake for all groups 
studied, a reduction not negated by 
compensatory increases in intake of 
other foods or beverages [35]. Other 
analyses using population surveys 
can also be implemented, for ex-
ample to determine the adequacy of  
the diet with respect to national  
recommendations.

The scientific value of prospec-
tive epidemiological cohorts has 
been solidly established for evalu-
ating exogenous and endogenous 
exposures in relation to change in 
weight and obesity. Their primary 
advantage is the ability to measure 
exposures before the onset of obe-
sity. Cohorts are also instrumental 
in spurring mechanistic and transla-
tional research. One example is the 
investigation by Mozaffarian et al. 
of the relationship between chang-
es in lifestyle factors and weight 
change at 4-year intervals over a 
20-year period in a large cohort of 
men and women in the USA. The 
study identified food items and life-
style factors that were highly asso-
ciated with weight change within 
each 4-year period; 4-year weight 
gain was most strongly associated 
with the intake of potato chips, pota-
toes, sugar-sweetened beverages, 
unprocessed red meats, and pro-
cessed meats, and was inversely 
associated with the intake of veg-
etables, whole grains, fruits, nuts, 
and yogurt. Physical activity was in-
dependently associated with weight 
loss, whereas alcohol consumption, 
sleep duration (> 8 hours), and tele-
vision watching were associated 
with weight gain [36]. A further 
analysis of the relationship between 
change of diet quality indexes and 
concurrent weight change showed 
that improvement of diet quality was 

associated with less weight gain 
[37].

Several cohort studies in high- 
income countries have shown an 
impact of healthy dietary patterns 
on obesity [38] (see Chapter 14). 
In a 4-year follow-up to an RCT for 
weight loss, subjects assigned to 
the Mediterranean diet during the 
RCT were more likely to maintain 
weight loss (during the 2-year trial) 
compared with subjects assigned to 
the low-fat diet or the low-carbohy-
drate diet. This finding suggests that 
compliance with the Mediterranean 
diet may be easier in the long term 
[39]. A recent analysis of the EPIC 
study using biomarkers of highly 
processed foods, which are increas-
ingly consumed worldwide, reported 
that increasing blood levels of indus-
trial trans-fatty acids were associat-
ed with an increased risk of weight 
gain and a decreased likelihood 
of weight loss, particularly among 
women; this might be particularly 
relevant in the context of LMICs [40].

Cohort studies conducted in 
LMICs would be valuable resourc-
es for understanding the impact of 
the nutrition and lifestyle transition 
on obesity. Some longitudinal stud-
ies have already been initiated in 
LMICs, for instance those included 
in the Consortium of Health-Ori-
entated Research in Transitioning 
Societies (COHORTS) [41] and the 
Mexican Teachers’ Cohort (MTC) 
[42]. Building on these continuing 
initiatives may prove informative 
and cost-efficient. Data from the 
MTC showed that women with a di-
etary pattern characterized by high 
intakes of carbohydrates, sweet 
drinks, and refined foods had a high-
er risk of having a larger body shape 
silhouette and higher BMI, whereas 
women with a dietary pattern char-
acterized by high intakes of fruits, 
vegetables, grains, and nuts had a 
lower risk [43]. This finding empha-
sizes the need for public health in-
terventions that improve access to 
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healthy diets, healthy food choices 
in the workplace, and ways of limit-
ing consumption of beverages with 
a high sugar content and of highly 
processed foods, particularly those 
rich in refined starches.

Research suggests that obesity 
and chronic diseases in adulthood 
may be traced back to exposures 
that occurred during fetal develop-
ment, childhood, and adolescence. 
Therefore, cohort studies covering 
the whole life-course, focusing on 
critical windows of exposure and the 
time course of exposure to disease 
(birth cohorts, adolescent cohorts, 
and young adult cohorts), should be 
considered. Of particular interest are 
multicentre cohorts and intergener-
ational cohorts, which would create 
resources to enable research on the 
interplay between genetics, lifestyle, 
and the environment. For example, 
in the Avon Longitudinal Study of 
Parents and Children (ALSPAC), in-
creased intake of energy-dense, nu-
trient-poor foods during childhood 
(mainly due to a rise in free [added] 
sugars) was associated with obesity 
development, and diets with higher 
energy density were associated with 
increased fat mass [44]. Most rele-

vant to LMICs is the observation that 
children who were stunted in infancy 
are more likely to be relatively fat at 
puberty at the same BMI, compared 
with children who were not stunted 
in infancy [45]. Poor maternal pre-
natal dietary intakes of energy, pro-
tein, and micronutrients have been 
shown to be associated with an in-
creased risk of adult obesity in the 
offspring, and a high-protein diet 
during the first 2 years of life was 
also associated with increased obe-
sity later in life, whereas exclusive 
breastfeeding was associated with a 
lower risk of later obesity [46]. Re-
sults from a cohort study conducted 
in Mexico showed that children ex-
clusively or predominantly breastfed 
for 3 months or longer had lower ad-
iposity at age 4 years [47].

Conclusions

Obesity is a state of excess adiposity 
and is a consequence of sustained 
positive energy balance over time. 
Measurements of energy intake, ex-
penditure, and balance are difficult. 
Measurements of anthropometric in-
dices such as BMI or WC, although 
imperfect, are useful markers of or 

proxies for adiposity or visceral ad-
iposity. Establishing repeated popu-
lation-based measurements of such 
anthropometric measures, together 
with estimates of the macronutri-
ent composition of diets, food con-
sumption patterns, and estimates 
of physical activity and time spent 
sedentary (preferably with objective 
measures, such as accelerometers, 
used in subsamples) will help track 
changes in the population levels of 
overweight and obesity, and point to 
the key nutritional drivers.

Most research has tended to 
focus on Caucasians, but these 
findings may not be generalizable 
to other populations because of dif-
ferences in age structure, genotype, 
body composition, lifestyle, culture, 
religion, and socioeconomic status. 
Detailed analyses that consider dif-
ferences in genetic and environmen-
tal factors and gene–environment in-
teractions between populations, and 
take account of the whole life-course, 
are required to elucidate these com-
plex relationships. Importantly, mea-
sures of obesity prevention and con-
trol in LMICs will benefit if they are 
evaluated in the context within which 
they will be implemented.

•  Obesity is a state of excess adiposity and is a consequence of sustained positive energy balance over time.

•  Short-term experimental studies show that among men eating ad libitum diets of different energy density, 
the higher the level of activity, the less likely was positive energy balance, and at any level of activity, higher 
energy density led to more positive energy balance.

•  In long-term experiments, intake of free sugars or sugar-sweetened beverages was a determinant of 
body weight. The change in body fatness when intake is modified appears to be mediated via changes in 
energy intakes.

•  Studies in children and adolescents show that consumption of sugar-sweetened beverages results in 
increases in BMI, mainly by inadequate energy compensation (degree of reduction in intake of other foods 
and drinks).

•  In weight-loss trials, low-carbohydrate interventions led to significantly greater weight loss than did low-fat 
interventions. Little attention has been paid to the effects of different types of carbohydrate.

•  Cohort studies with repeated measurements have identified unhealthy dietary patterns and lifestyle factors 
associated with weight gain over time, and healthy dietary patterns have been shown to decrease the risk 
of obesity.

• Exposures during fetal life and early childhood may affect the risk of obesity.

Key points
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lieve the health cost of management 
of noncommunicable diseases.

The prevalence of obesity among 
adults in selected low- and middle- 
income countries (LMICs) in the 
EMR ranges from 8.8% to 31.3% and 
approaches the prevalence of 34.9% 
observed in the USA (Fig. 8.1) [1–12]. 
Of greater concern is the increas-
ing secular trend in the prevalence 
of obesity among adults in several 
countries in the region, with annual 
secular increases of +1.7 to +16% [5, 
13–17].

In adolescents, the prevalence of 
obesity in LMICs in the EMR ranges 
between 1% and 8.9% (according 
to the 2007 World Health Organiza-
tion [WHO] criteria), which is lower 
than the prevalence of 20.5% ob-
served in the USA (according to the 
2000 Centers for Disease Control 
and Prevention [CDC] criteria) [12, 
17–32]. However, data on secular 
trends in the region are limited. In 
some countries where data at differ-

Increasing prevalence of 
obesity

In the Eastern Mediterranean Re-
gion (EMR), there is a high burden 
of obesity and an increasing trend 
in the prevalence across all age 
groups. Differences have been not-
ed between countries and between 
sexes. In adults, the prevalence of 
obesity is higher among women than 
among men, whereas in children, 
the prevalence of obesity is high-
er among boys than among girls in 
most countries in the region.

This increasing prevalence of 
obesity is potentially linked to an 
obesogenic environment, which in-
cludes cultural and social issues 
such as urbanization, increased 
wealth, and lower levels of physical 
activity, coupled with high consump-
tion of energy-dense foods. Address-
ing these issues in a holistic manner 
could curb the escalating prevalence 
of obesity in these countries and re-

ent time points were available, the 
average annual increase in the prev-
alence of obesity ranged from +2% 
to +13.5% [14, 26, 28, 33–38].

In children younger than 5 years, 
rates of overweight and obesity in 
selected LMICs in the EMR range 
from 2% to 22.4%; the lower figures 
are comparable to the estimates 
from developing countries (6.1%), 
and the highest figures are double 
the estimates from developed coun-
tries (11.7%) [17, 39–51]. Of greater 
concern is the increasing trend in the 
prevalence of overweight and obe-
sity among children younger than 
5 years in many countries in the 
EMR; the annual secular increas-
es of +1.9 to +10.4% are extremely 
alarming. In contrast, a decrease in 
the prevalence of overweight and 
obesity among children younger 
than 5 years was reported in a few 
countries in the EMR, with annual 
decreases ranging from −1.1% to 
−7.7% [16–17, 39–40, 42, 44–59].
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high in fat, sugar, and refined car-
bohydrates. Other factors, such as 
food marketing, body image, and 
early-life feeding practices, also 
appear to play an important role in 
the burden of obesity in the region. 
The interrelationships between the 
different sociocultural, behavioural, 
and environmental determinants of 
obesity in LMICs in the EMR are dis-
cussed in detail below.

The nutrition transition

Food availability and consumption

To understand the nutrition transition 
in LMICs in the EMR, is it important 
to analyse the changes that have 
occurred in food availability and 
food consumption, to properly ad-
dress these changes. Data from the 
FAO food balance sheets and from 
food consumption surveys between 
1969–1971 and 2011 highlight a 
shift towards an increasingly ener-
gy-dense diet and high intakes of fat 
and sugar, coupled with a parallel 

Cultural determinants of 
obesity: situation analysis 
and associations

The increase in the prevalence of 
obesity in Eastern Mediterranean 
populations has been associated 
with several sociocultural, behav-
ioural, and environmental chang-
es, such as the nutrition transition, 
changes in socioeconomic status, 
cultural and social factors, and ur-
banization, all of which have neg-
atively affected the quality and 
the quantity of the food consumed 
and have encouraged sedentary 
behaviour.

Data from the Food and Agricul-
ture Organization of the United Na-
tions (FAO) food balance sheets and 
from food consumption surveys con-
ducted in the EMR during the past 
four decades (between 1969–1971 
and 2011) have shown a remarkable 
change in eating behaviour, marked 
by a shift away from the traditional 
diet, rich in fruits, vegetables, and 
whole grains, and towards a diet 

decrease in consumption of carbohy-
drates [60–65]. Data from FAO also 
show that sugar availability, which is 
reported to be a predisposing factor 
to obesity, increased considerably 
during the same period (1969–2011) 
in several LMICs in the EMR, such 
as Afghanistan, Sudan, Tunisia, and 
Yemen, and doubled in Egypt. How-
ever, a reduction was noted in Iraq 
and Pakistan (Fig. 8.2) [60].

A strong association has been 
reported between high consumption 
of harmful food components (pro-
cessed meat, red meat, trans-fatty 
acids, sugar-sweetened beverages, 
and sodium), low consumption of 
protective foods (fruits, vegetables 
and beans, nuts and seeds, whole 
grains, and omega-3 fatty acids 
[found in fish and seafood]), and  
increased risk of cardiometabolic  
disease deaths across all countries 
in the EMR; therefore, a food con-
sumption pattern that is collective-
ly high in harmful foods and low in 
protective foods is a strong predictor 
of cardiometabolic disease mortality 

Fig. 8.1. Prevalence (%) of obesity (body mass index [BMI] ≥ 30 kg/m2) among adults in selected low- and middle-
income countries in the Eastern Mediterranean Region. * BMI > 30 kg/m2 (WHO recommendations for the Asia-
Pacific Region). Sources: Sana′a, Yemen: Gunaid (2012) [1]; Islamic Republic of Iran: STEPS (2009) [2]; Syrian Arab 
Republic: STEPS (2003) [3]; Khartoum, Sudan: STEPS (2006) [4]; Tunisia: El Ati et al. (2012) [5]; Palestine: STEPS 
(2011) [6]; Jalalabad, Afghanistan: Saeed (2015) [7]; Lebanon: Sibai and Hwalla (2010) [8]; Multan, Pakistan: Aslam et 
al. (2010) [9]; Libya: STEPS (2009) [10]; Egypt: STEPS (2012) [11]; USA: Ogden et al. (2014) [12].
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[66]. In addition, the dietary energy 
supply from the different food groups 
(harmful and protective) shows that 
the traditional diet has been mod-
ified, so that most of the countries 
have shown insufficient per capita 
consumption of protective foods, 
which fell well below recommended 
levels, as well as higher than recom-
mended per capita consumption of 
harmful food components across all 
countries in the EMR [66].

The nutrition transition reflected 
in changes in food consumption pat-
terns has been reported to be corre-
lated with the prevalence of obesity 
in several countries in the EMR and 
across different age groups. High 
energy intake has been significantly 
associated with higher risk of obe-
sity [15, 67]. The contribution of fat 
to energy intake was higher among 
obese individuals than among their 
non-obese counterparts, whereas 
the opposite was found for the con-
tribution of carbohydrate to energy 
intake [68].

Countries have reported on the 
association of dietary patterns with 
obesity and metabolic diseases. In 
the Islamic Republic of Iran, a posi-

tive association was shown between 
an unhealthy dietary pattern and the 
risk of obesity in women, whereas 
the opposite was shown for a healthy 
dietary pattern [69]. A more recent 
cross-sectional study in a large co-
hort of Iranian adults found that ad-
herence to a pattern of nutrient intake 
characterized by high consumption of 
thiamine, betaine, starch, folate, iron, 
selenium, niacin, calcium, and man-
ganese was associated with a lower 
likelihood of general obesity (particu-
larly in men), whereas a pattern of 
nutrient intake characterized by high 
consumption of glucose, fructose, su-
crose, vitamin C, potassium, total die-
tary fibre, copper, and vitamin K was 
associated with a greater likelihood of 
general obesity in men [70]. In Leb-
anon, an unhealthy dietary pattern 
was also reported to be positively 
associated with high body mass in-
dex (BMI) and increased waist cir-
cumference, and tripled the risk of 
hyperglycaemia and metabolic syn-
drome among adults [71]. Table 8.1 
summarizes the associations of dif-
ferent dietary and nutrient patterns 
with obesity in Lebanon and the Is-
lamic Republic of Iran.

Food marketing

The contribution of food marketing to 
the rise in the prevalence of obesity 
in the EMR is governed by six major 
elements: availability, price, educa-
tion and knowledge, labelling, food 
subsidy policies, and the impact of 
these policies.

LMICs in the EMR have been 
significantly affected by globaliza-
tion, which has resulted in the wide 
spread of fast-food chains as well 
as different food retail industries and 
markets, making energy-dense and 
processed foods more readily avail-
able than ever before and easily ac-
cessible by consumers of all ages. 
This trend has been further exacer-
bated by the convenient and afforda-
ble prices of energy-dense foods 
and snacks compared with healthy 
food items, which tend to be more 
expensive.

In the EMR, knowledge and ed-
ucation about healthy food products 
are largely influenced by the media. 
Exposure to television commercials 
for fast foods, soft drinks, sweets, and 
chocolates may markedly influence 
the food choices and dietary habits of 

Fig. 8.2. Change in sugar availability (kcal/capita/day) between 1969 and 2011 in selected low- and middle-income 
countries in the Eastern Mediterranean Region. Source: FAO (2015) [60].
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the viewers, particularly children and 
adolescents. In Egypt, for example, 
television advertisements were found 
to be the main driver for the purchase 
of chocolate and sweets by school-
age children [72]. Moreover, food 
labelling standards have not been 
mandatory in the EMR and have not 
been given enough consideration 
for public awareness and education 
about food content and portion siz-
es. As a result, consumers are either 
indifferent towards reading labels or 
find it challenging to understand the 
information on the label, especially 
consumers with low socioeconomic 
status.

Most countries in the EMR have 
opted to subsidize food items such 
as wheat, rice, vegetable oil, and 
sugar, hence possibly contributing 
to the high burden of obesity in the 
region by making consumers highly 
dependent on these energy-dense 
subsidized foods. In Egypt, mothers’ 
BMI was found to be inversely cor-
related with the price of subsidized 

baladi bread and subsidized sugar 
but directly correlated with the price 
of healthier foods such as fruits, 
milk, and eggs [73]. Hence, reduc-
ing the price of healthy food items 
may contribute to weight reduction 
among mothers by better promoting 
the consumption of healthier food 
items, reducing the consumption of 
energy-dense foods, or both [73]. 
The impact of such policies can be 
understood through more robust re-
search in the EMR on the influence 
of food marketing policies on con-
sumer behaviour and dietary intake, 
as well as obesity.

Early-life feeding practices

Inadequate feeding practices in the 
first years of life have been reported 
to be associated with an increased 
risk of adult obesity [74]. A longer 
duration of exclusive breastfeeding 
was suggested to reduce the risk of 
overweight and obesity in children 
[75]. In addition, very early introduc-

tion of complementary foods has 
been shown to increase the risk of 
obesity and cardiovascular disease 
later in life [76].

In the EMR, suboptimal breast-
feeding is highly prevalent, coupled 
with untimely complementary feed-
ing. This may have led to the double 
burden of child malnutrition in the re-
gion, manifested by concomitant high 
rates of stunting and obesity among 
children younger than 5 years.

The available studies highlight 
the low rates of exclusive breast-
feeding in the first 6 months in most 
countries in the EMR. The rates 
range from 5.3% to 58.4%, falling 
below the World Health Assembly’s 
global nutrition target for 2025 of 
50%, except in the Islamic Repub-
lic of Iran and Afghanistan [17, 41, 
48–50, 58, 77–84].

Complementary feeding practices 
in the EMR are also suboptimal and 
fall short of global recommendations. 
In most countries in the region, sol-
id foods are introduced before the 

Table 8.1. Association of dietary and nutrient patterns with obesity in Lebanon and the Islamic Republic of Iran

Measure of obesity

Body mass index 
(general obesity)

Elevated waist circumference 
(abdominal obesity) 

Lebanon

Unhealthy dietary patterna Positive Positive

Traditional/Lebanese dietary patternb None None

Islamic Republic of Iran

Healthy dietary patternc Negative Negative

Unhealthy dietary patternd Positive Positive

Traditional/Iranian dietary patterne None None

First nutrient patternf None None

Second nutrient patterng Negative (in men) None

Third nutrient patternh Positive (in men) None

a High in fast-food sandwiches, pizza, pies, desserts, carbonated beverages, butter, juices, and mayonnaise.
b High in fruits and vegetables, olives and olive oil, traditional dishes and desserts, eggs, and whole dairy products.
c High in fruits, other vegetables, tomatoes, poultry, legumes, cruciferous and green leafy vegetables, tea, fruit juices, and whole grains.
d High in refined grains, red meat, butter, processed meat, whole dairy products, sweets and desserts, pizza, potatoes, eggs, hydrogenated fats, and soft drinks, and low in 
other vegetables and low-fat dairy products.
e High in refined grains, potatoes, tea, whole grains, hydrogenated fats, legumes, and broth.
f High in fatty acids (including saturated, monounsaturated, and polyunsaturated fatty acids), cholesterol, vitamin B12, vitamin E, zinc, choline, protein, pyridoxine, phosphorus, 
and pantothenic acid.
g High in thiamine, betaine, starch, folate, iron, selenium, niacin, calcium, and manganese.
h High in glucose, fructose, sucrose, vitamin C, potassium, total dietary fibre, copper, and vitamin K.
Sources: Lebanon: Naja et al. (2014) [71]; Islamic Republic of Iran: Esmaillzadeh and Azadbakht (2008) [69], Salehi-Abargouei et al. (2015) [70].

Country
Dietary/nutrient pattern
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recommended age of 4–6 months, 
a practice that may have contribut-
ed to the high prevalence of obesity 
[85–87].

Data on the association between 
early feeding practices and the risk 
of obesity are scarce in the EMR. In 
the Islamic Republic of Iran, for ex-
ample, a longer duration of breast-
feeding was found to be significantly 
associated with a lower prevalence 
of overweight among school-aged 
children and adolescents [88–89]. In 
Lebanon, a high likelihood of over-
weight and obesity were observed 
among children (0–2  years) who 
were exclusively breastfed for less 
than 4 months or less than 6 months, 
who received formula milk in the first 
6 months, and who had high intakes 
of carbohydrates, sugars, and total fat 
(Nasreddine et al., unpublished data).

Socioeconomic status

Countries in the EMR are classified 
into three income groups: low-income 
countries, middle-income countries, 
and high-income countries. The prev-
alence of obesity in middle-income 
countries is high and similar to the 
prevalence in high-income countries, 
whereas the prevalence of obesity is 
lower in low-income countries [90].

Several studies in EMR countries 
have shown a correlation between an 

individual’s socioeconomic status and 
the likelihood of obesity. In general, 
obesity is more prevalent in unem-
ployed people and in married individ-
uals of both sexes [67, 91–95]. In the 
Islamic Republic of Iran, living in an 
urban area and having a higher edu-
cation level increased the likelihood 
of obesity among adults [96], whereas 
in Lebanon, obesity was found to be 
inversely associated with the socio-
economic status of women, and the 
likelihood of obesity decreased sig-
nificantly with higher education level, 
greater household assets, and lower 
crowding index [67]. Socioeconomic 
indicators were also correlated with 
paediatric obesity. Risk of obesity 
increased among adolescents in the 
Syrian Arab Republic who reported a 
low crowding index and whose par-
ents had attained a higher education 
level [65] and among children and ad-
olescents in Pakistan who were in a 
higher school grade (grade 4 vs grade 
1) and living in an urban area with 
higher socioeconomic status [97]. Ta-
ble 8.2 summarizes the association of 
socioeconomic indicators with obesity 
in these four countries.

Cultural and social factors

Cultural factors may play an impor-
tant role in the occurrence of obesity 
in some countries in the region. For 

example, a culture that promotes 
plumpness as a sign of beauty, 
health, and affluence has been sug-
gested to be an underlying factor 
for the high prevalence of obesity 
in the high-income countries in the 
EMR. Additional factors that may 
contribute significantly to the rise in 
the prevalence of obesity are eating 
habits (plate sharing) and the types 
of traditional clothing (abaya or wide 
gowns) worn by a substantial num-
ber of women in the region [98].

The influence of men in deter-
mining women’s attitudes towards 
body size is an important issue in 
some countries in the EMR. In Qatar, 
for example, about 43% of the Arab 
women surveyed believed that men 
preferred plump women [99]. Similar 
findings were reported in Morocco, 
where a cultural preference for body 
fatness among women exists [100].

The traditional long, wide dress 
for men or women in some countries 
may hide body fat and consequently 
reduce a person’s motivation to lose 
weight [101]. In some countries in the 
EMR, women are mandated by law 
to wear full-body covering when they 
are in public. This covering makes it 
difficult to observe the size and shape 
of the female body, thereby reducing 
the emphasis on these features and 
possibly acting as a protective factor 
against body image concerns [102].

Table 8.2. Association of socioeconomic indicators with obesity in selected low- and middle-income countries in 
the Eastern Mediterranean Region

Country  
(population)

High education level High socioeconomic statusa

Islamic Republic of Iran
(adults ≥ 19 years)

Increasing obesity Increasing obesity

Lebanon
(women ≥ 20 years)

Decreasing obesity Decreasing obesity

Syrian Arab Republic
(adolescents 15–18 years)

Increasing obesityb Increasing obesity

Pakistan
(children and adolescents 5–12 years)

Increasing obesity Increasing obesity

a High socioeconomic status is reflective of: living in an urban area in the Islamic Republic of Iran; high household assets and low crowding index in Lebanon; low crowding 
index in the Syrian Arab Republic; and living in an urban area with high socioeconomic status in Pakistan.
b Association of obesity in adolescents with educational attainment of their parents.
Sources: Islamic Republic of Iran: Tavassoli et al. (2010) [96]; Lebanon: Chamieh et al. (2015) [67]; Syrian Arab Republic: Nasreddine et al. (2010) [65]; Pakistan: Mushtaq et 
al. (2011) [97].
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Studies on the association of cul-
ture with obesity in the EMR are 
scarce. The prevalence of obesity 
was found to be greater among Iraqi 
women who wore traditional cloth-
ing (abaya), and the prevalence of 
obesity was higher among those 
who shared the plate with fami-
ly members (77.5%) than among 
those who had individual plates 
(69.4%) [98].

Urbanization

LMICs in the EMR have been un-
dergoing rapid urbanization, char-
acterized by large movements from 
rural to urban areas, coupled with 
increased growth of large cities [103, 
104]. Urbanization is suggested to 
intensify the burden of obesity [105].

In most of the countries in the 
EMR, obesity is more prevalent in 
urban sectors than in rural sectors 
for both sexes [93, 106–108]. After 
adjustment for possible confounding 
factors, including demographic and 
socioeconomic factors in a binary 
regression model, urban dwelling 
remained a major determinant of 
obesity in the Islamic Republic of Iran 
[109]. A similar pattern was found in 
Palestine, where BMI levels of urban 
women and men were significantly 

higher than those of their rural coun-
terparts [108].

Physical inactivity

Most of the available studies on 
physical activity in the EMR are 
hampered by the limited amount 
of reliable data, the varying meth-
odology, and the different physical 
activity instruments used by differ-
ent researchers [110]. WHO has 
provided crude estimates of the 
prevalence of insufficient physical 
activity among adults (≥ 18 years) 
and adolescents (11–17 years) in 
selected LMICs of the EMR where 
data are available. The preva-
lence of insufficient physical ac-
tivity among adults differed across 
countries and ranged from 15.6% 
in Jordan to 49.3% in Iraq, whereas 
it reached alarming levels (> 75%) 
among adolescents, ranging from 
76.7% in Lebanon to 91.9% in Su-
dan (Fig. 8.3) [111].

According to the Global School-
based Student Health Survey from 
2003–2007, the proportion of school-
children (13–15 years) who spent 
3 hours or more per day on seden-
tary activities (sitting and watching 
television, playing computer games, 
talking with friends, or doing other 

seated activities) in some countries 
in the EMR was relatively high, rang-
ing from 22.4% in Egypt to 42.0% in  
Jordan [112].

In most countries in the EMR, 
labour-saving changes in occupa-
tions, a high dependence on cars 
and buses for transportation, mas-
sive urbanization, satellite televi-
sion, and increased reliance on 
computers and telecommunication 
technology may all have contribut-
ed to an increase in the burden of 
obesity [113]. Outdoor activities are 
hampered by the overall lack of pub-
lic parks and walking and bicycle 
lanes, and by the hot climate [114]. 
In the region, women face more 
barriers to participating in physical 
activity compared with men. This 
is because men, in general, have 
more freedom and more places to 
practise sport and other recreation-
al activities, whereas women are 
often restricted due to cultural and 
religious beliefs, which make them 
unable to publicly and freely partici-
pate in physical activity [115].

Conclusions

LMICs in the EMR have been un-
dergoing a nutrition transition, with 
a parallel increase in obesity rates 

Fig. 8.3. Prevalence (%) of insufficient physical activity among adults and adolescents in selected low- and middle-
income countries in the Eastern Mediterranean Region. * < 150 minutes per week of moderate-intensity physical activity, 
or < 75 minutes per week of vigorous-intensity physical activity, or equivalent; ** < 60 minutes per day of moderate- to 
vigorous-intensity physical activity. Source: WHO (2010) [111].
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across all age groups and among 
both sexes, which can be attributed 
to socioeconomic, cultural, and so-
cial factors, as well as urbanization. 
Many factors may have contributed 
to the escalating burden of obesity 
in the region, including an unhealthy 
dietary pattern, low breastfeeding 
rates coupled with untimely and 
faulty complementary feeding prac-
tices, unemployment, low education 

levels, physical inactivity, percep-
tions of beauty and a preference for 
plumpness in women, and cultural 
habits such as plate sharing and 
traditional clothing (abaya).

Intervention strategies to com-
bat obesity should adopt a holistic 
approach in addressing the obe-
sogenic factors comprehensively. A 
single intervention alone may not be 
viable and economically efficient for 

a multifaceted problem like obesi-
ty, which involves complex interac-
tions. Therefore, adopting a model 
as suggested by Amarasinghe and 
D’Souza [116], which is adapted to 
Eastern Mediterranean populations 
and which encompasses econom-
ic, environmental, social, and indi-
vidual elements, would constitute a 
promising approach to curb the ris-
ing burden of obesity in the region.

•  There is a high burden of obesity and an increasing trend in the prevalence across all age groups in LMICs 
in the EMR.

•  Obesity in LMICs in the EMR is associated with sociocultural, behavioural, and environmental determinants 
(e.g. the nutrition transition, socioeconomic status, cultural and social factors, and urbanization) that are 
closely interrelated.

•  An unhealthy dietary pattern, food marketing that promotes consumption of energy-dense foods, faulty 
and untimely early feeding practices, unemployment, low education levels, physical inactivity, perceptions 
of beauty and a preference for plumpness in women, as well as plate sharing and traditional clothing are 
all factors implicated in the escalating burden of obesity in LMICs in the EMR.

Key points

•  Adequate research data are needed on sociocultural determinants of obesity in LMICs in the EMR.

•  There is a need for the development of intervention strategies and the assessment of their impact in 
addressing obesity prevention in LMICs in the EMR.

•  Cohort studies are needed to adequately investigate culturally related early-life infant and young child 
feeding practices and their future impact on obesity in LMICs in the EMR.

Research needs
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biological, behavioural, family, and 
societal factors affect a child’s risk 
of developing obesity. Because chil-
dren are different from adults, spe-
cial attention and efforts are needed 
to help them develop healthy eating 
patterns and physical activity behav-
iours and maintain an optimal body 
weight. Furthermore, childhood is 
an important stage in life at which to 
tackle the obesity epidemic, consid-
ering that childhood obesity tends to 
track into adulthood.

The global childhood obesity 
epidemic: trends and 
variation between countries

The obesity epidemic has become a 
global public health crisis. Childhood 
obesity (including overweight and 
obesity) is an important contributor 
to adult obesity, diabetes, and other 
noncommunicable chronic diseas-
es worldwide. Data have shown a 
substantial increase during the past 

This chapter reviews the scien-
tific evidence on obesity in children. 
It provides a synthesis of research 
findings, including the scope of the 
global problem, prevalence trends, 
risk factors, prevention, and rec-
ommendations made by leading 
experts and health organizations. 
In this chapter, we use “children” 
to mean both children and ado-
lescents, including the age range 
0–19 years.

Childhood obesity rates have in-
creased over the past two decades 
in most countries worldwide, while 
the prevalence seems to have pla-
teaued in certain high-income coun-
tries [1]. This stabilization in some 
high-income countries is due in part 
to campaigns and policy changes 
made by those countries within the 
past decade. The trends in childhood 
obesity rates and the large variations 
in the rates and trends between 
countries provide useful insights into 
the drivers of the epidemic. Multiple 

three decades in the prevalence of 
obesity in children in both high-in-
come countries and low- and mid-
dle-income countries, although there 
are large differences between coun-
tries in the prevalence rates and 
increasing trends [2–7]. Over the 
past two decades, many developing 
countries, such as Mexico, China, 
and Brazil, have experienced an in-
crease in the prevalence of obesity 
that is more rapid than the increase 
in some developed countries, even 
though the prevalence rates are 
lower in developing countries. This 
suggests that childhood obesity is a 
growing problem in many develop-
ing countries, and thus it is an op-
portune moment for researchers to 
intervene.

A recent comprehensive study 
estimated the global, regional, and 
national prevalence of overweight 
and obesity in children and adults 
in 1980–2013 using data collected 
from a large number of countries [6]. 
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Causes and drivers of the 
global childhood obesity 
epidemic

Obesity is a result of a positive en-
ergy balance (i.e. energy intake that 
exceeds energy expenditure). Many 
factors affect an individual’s eating 
and physical activity behaviours. 
The factors are more complex for 
children than for adults, because of 
the many differences between them. 
Many factors have contributed to the 
increase in the prevalence of obesity 
in children. Briefly, these factors in-
clude unhealthy eating patterns, lack 
of physical activity, increased sed-
entary behaviours (i.e. screen time), 
and short sleep duration (which re-
sults in a positive energy balance, 
and thus excessive weight gain), 
as well as other factors, such as 
parenting and family factors, school 
factors, social norms, and commu-
nity food and physical activity envi-
ronments that affect children’s eating 
and physical activity behaviours [4, 
9, 10].

During recent years, research-
ers and key related public health 
organizations, including the World 
Health Organization (WHO) and the 
United States Institute of Medicine 
(now known as the National Acad-
emy of Medicine), have argued that 
the increase in the prevalence of 
childhood obesity results from many 
changes in society; in particular, it is 
due to social and economic develop-
ment and policies in the areas of ag-
riculture, transportation, urban plan-
ning, the environment, education, 
and food processing, distribution, 
and marketing. These factors have 
contributed to unhealthy eating pat-
terns, lack of physical activity, and 
increased sedentary behaviours in 
children. The worldwide increases in 
the prevalence of childhood obesity 
are attributable to a global shift in di-
etary patterns towards increased in-
take of energy-dense foods that are 
high in fats (saturated and trans-fatty 

The study reported that the preva-
lence had increased substantially 
in children in developed countries; 
in 2013, 23.8% (95% uncertainty 
interval [UI], 22.9–24.7%) of boys 
and 22.6% (95% UI, 21.7–23.6%) 
of girls were overweight or obese. 
The prevalence had also increased 
in children in developing countries 
from 1980 to 2013, for boys from 
8.1% (95% UI, 7.7–8.6%) to 12.9% 
(95% UI, 12.3–13.5%) and for girls 
from 8.4% (95% UI, 8.1–8.8%) to 
13.4% (95% UI, 13.0–13.9%). A 
large variation in the prevalence  
between countries was observed. 
The study concluded that obesity 
has become a major global health 
challenge; not only is the preva-
lence of obesity increasing, but 
also no national success stories 
have been reported during the past 
three decades. Urgent global ac-
tion is needed to help countries to 
intervene effectively. Some of the 
study’s conclusions are consistent 
with those of a previous study based 
on findings from approximately 75 
countries, which also projected  
that the prevalence of childhood 
obesity would continue to increase 
unless effective programmes were 
implemented [7].

Recent data indicate that the 
prevalence of childhood obesity 
in some developed countries (e.g. 
some European countries and the 
USA) seems to have reached a 
plateau [1, 5, 8]. The stabilization 
is thought to be a result of pro-
grammes, including national poli-
cies, designed to prevent childhood 
obesity in those countries.

The global patterns of the child-
hood obesity epidemic (consistent 
increasing trends in a large number 
of countries, the large variations in 
the prevalence of obesity by country, 
the increasing trends within coun-
tries, and the levelling off or decline 
in some developed countries) also 
provide useful insights into the caus-
es of the problem.

acids) and in sugars but low in oth-
er, healthy micronutrients. The trend 
towards decreased physical activity 
levels – because of the increasing-
ly sedentary nature of recreational 
activities, changing modes of trans-
portation, and urbanization – is an 
additional driver that compounds the 
global childhood obesity epidemic 
[5].

Table 9.1 lists a set of risk factors 
for excessive weight gain in children. 
Some of the biological, genetic, life-
stage, lifestyle, and environmental 
risk factors are highlighted here.

Genetic factors (and gene–
environment interactions)

A large body of evidence, including 
studies on twins, siblings, nuclear 
families, and extended pedigrees, 
has shown the heritability of obesi-
ty, including measures of body mass 
index (BMI) and body fat, especially 
in twin studies [11–13]. Advances in 
genotyping technologies have raised 
hopes and expectations that genetic 
testing will pave the way to person-
alized medicine and that complex 
traits such as obesity will be prevent-
ed even before birth [11]. For exam-
ple, a recent systematic review and 
meta-regression analysis examined 
BMI heritability and differences in 
BMI heritability by population charac-
teristics, such as sex, age, time peri-
od of observation, and average BMI, 
as well as by broad national-level so-
cioenvironmental factors [13]. Based 
on findings from 32 twin studies in 
various countries worldwide, BMI 
heritability was found to range from 
approximately 30% to 90%, and the 
heterogeneity of BMI heritability was 
found to be significantly attributable 
to differences in study subjects’ age, 
time period of observation, average 
BMI, and the economic development 
levels of the study populations.

Given the shifts in people’s di-
etary and physical activity patterns 
under the influence of obesogenic 
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environments, the fact that not all 
children become obese indicates 
the presence of susceptibility and 
resistance, as well as the impor-
tance of the effect of the interaction 
between genetic and environmental 
factors on development of childhood 
obesity. Paediatric obesity is a com-
plex phenotype and is modulated by 
unique gene–environment interac-
tions that occur during early periods 
of life. Susceptibility could be me-
diated through a failure of appetite 
regulation, leading to increased en-
ergy intake, or via diminished energy 
expenditure.

Risk factors during early life 
stages, including prenatal 
factors

Experiences during early life stages 
(including prenatal factors, such as 
exposures that women experience, 
and postnatal factors, such as in-
fant and young child feeding) can 
have important, long-term impacts 
on future health. According to the In-
ternational Society for Developmen-
tal Origins of Health and Disease  
(DOHaD Society), a poor start to life 
is associated with an increased risk 
of several disorders, especially non-
communicable diseases, throughout 

the life-course [14]. These diseases 
include obesity, cardiovascular dis-
ease, type 2 diabetes, osteoporosis, 
some forms of cancer, and some 
other diseases. The environmental 
exposures that affect future health 
and disease risk include parental 
lifestyle and diet, smoking, obesity, 
and exposure to chemicals that are 
endocrine disrupters or toxins. A 
growing body of evidence supports 
the statement of the DOHaD Society 
and argues for related interventions 
that target women, including young 
women, to ensure better pregnancy 
outcomes [14].

Many studies have been con-
ducted to examine the effects of ear-
ly-life factors on the risk of childhood 
obesity. Both prenatal factors, such 
as gestational weight gain, and post-
natal factors, such as feeding prac-
tices during infancy, have been stud-
ied. Gestational weight gain is used 
as an indicator of prenatal factors. 
Research suggests that the offspring 
of overweight or obese women tend 
to have higher birth weights and 
more body fat, and have increased 
risks of developing obesity later in 
life [15]. A recent meta-analysis of 
findings from 12 cohort studies re-
ported that the risk of childhood 
overweight/obesity was significantly 

associated with excessive gestation-
al weight gain. The combined odds 
ratio of excessive gestational weight 
gain and childhood overweight/obe-
sity was 1.33 (95% confidence inter-
val [CI], 1.18–1.50). The association 
was found to be robust. Adjustment 
for maternal BMI, investigation area, 
age of children, research type, and 
omission of any single study had 
little effect on the pooled estimate 
[16]. The mother–child association 
for childhood obesity may be partly 
related to the increased risk of ges-
tational diabetes [15, 17].

A 2012 systematic review and 
meta-analysis examined the risk fac-
tors for childhood obesity that can 
be identified during infancy based 
on findings from 30 prospective ob-
servational studies that followed up 
children from birth to at least age 
2 years [18]. The study reported 
significant and strong independent 
associations between childhood 
obesity and mothers who were 
overweight before the pregnancy, 
high infant birth weight, and rapid 
weight gain during the first year of 
life. The meta-analysis compared 
breastfed infants with non-breast-
fed infants and found a 15% de-
crease for breastfed infants in the 
likelihood of childhood overweight  

Table 9.1. Risk factors contributing to excessive weight gain in children

Category Specific factors and examples

Genetic and biological predisposition Some minority ethnic groups (e.g. Native Americans in the USA), high birth weight, rapid 
weight gain during infancy, early adiposity rebound

Dietary intake/food choices Child feeding practices, energy intake, energy density of diet, consumption of sugar-
sweetened beverages, large portion size, snacking

Physical activity and sedentary behaviours Screen time, automobile use for transportation, decline in walking/cycling to school

Parental and family characteristics Low family socioeconomic status in developed countries, high-income groups in developing 
countries, parental obesity, maternal diabetes, smoking during pregnancy, mothers who were 
overweight before the pregnancy, social deprivation, parenting practices, parental eating 
patterns and physical activity

Environmental risk factors Community and school environments that contribute to energy overconsumption and 
inadequate physical activity, fast-food outlets, lack of park and recreation space, lack of health 
clubs, technological development

Factors with conflicting evidence or lack of 
adequate evidence (partially due to limited 
research)

Gut microbiota, duration of breastfeeding, maternal parity, maternal marital status at birth, 
delivery type, gestational weight gain, maternal postpartum weight loss, social norms, peer 
influence, ideal body type
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(adjusted odds ratio, 0.85; 95% CI, 
0.74–0.99; I 2 = 73.3%; n = 10). For 
children of mothers who smoked 
during pregnancy, there was a  
47% increase in the likelihood of 
childhood overweight (adjusted 
odds ratio, 1.47; 95% CI, 1.26–1.73; 
I 2 = 47.5%; n = 7). The study re-
ported that there was some evi-
dence that the early introduction 
of solid foods was associated with 
childhood overweight. Conflicting 
evidence was found for duration of 
breastfeeding, socioeconomic sta-
tus at birth, maternal parity, and ma-
ternal marital status at birth. There 
was inconclusive evidence (due to 
the limited number of studies) for 
delivery type, gestational weight 
gain, maternal postpartum weight 
loss, and “fussy” infant tempera-
ment [18].

A systematic review of 10 stud-
ies investigated the relationship be-
tween the types of food consumed 
by infants during the complementa-
ry feeding period and risk of over-
weight/obesity during childhood. The 
review concluded that high intakes 
of energy and protein, particularly 
dairy protein, during infancy could be 
associated with an increase in BMI 
and body fatness [19]. Another re-
cent systematic review of 23 studies 
concluded that there is no clear as-
sociation between the timing of the 
introduction of complementary foods 
and risk of childhood obesity, but that 
some evidence suggests that very 
early introduction of complementary 
foods (before age 4 months), rather 
than at age 4–6 months or after age 
6 months, may increase the risk of 
childhood obesity [20].

Family environment, 
socioeconomic status,  
and parenting

Family environment is important for 
children’s health behaviours and 
outcomes. The relationship between 
family socioeconomic status and 

obesity is complex, has changed 
over time, and varies between coun-
tries and even between population 
groups within the same country [21, 
22]. In developed countries, children 
from a family with low socioeco-
nomic status are more likely to be 
obese [23], whereas in developing 
countries, children from a family with 
higher socioeconomic status have 
a higher risk of being overweight or 
obese [24, 25].

The role of the environment in 
the link between parental obesity 
and child obesity is difficult to study 
directly and to quantify, but two lines 
of evidence suggest a non-genetic 
component: (i) studies that document 
dramatic increases in the prevalence 
of childhood obesity in developing 
countries where the populations 
adopt lifestyles typical of industrial-
ized countries; and (ii) studies in de-
veloping countries that document the 
coexistence of underweight and over-
weight within the same family [26].

A growing number of studies are 
attempting to examine the effects 
of parenting practices on childhood 
obesity, but the understanding re-
mains very limited [27–29].

Lifestyle factors

Dietary intake

Unhealthy dietary patterns, such as 
those that include energy-dense fast 
foods and processed foods, are risk 
factors for obesity [4]. Research, in-
cluding intervention trials, has indi-
cated that the consumption of sug-
ar-sweetened beverages and the 
fructose they contain increases the 
risk of obesity and has contributed to 
the rising epidemic of childhood obe-
sity [30–32]. Meta-analyses suggest 
that consumption of sugar-sweet-
ened beverages may increase the 
risks of obesity, diabetes, metabolic 
syndrome, and cardiovascular dis-
ease in both children and adults [30, 
32].

Short sleep duration

Systematic reviews and meta-anal-
yses have reported an association 
between short sleep duration and 
risk of obesity in children [33, 34]. 
Recently, Fatima et al. reviewed  
22 longitudinal studies, with sub-
jects from diverse backgrounds, 
and reported an inverse association 
between sleep duration and BMI. 
The meta-analysis of 11 longitudi-
nal studies, including 24  821 par-
ticipants, showed that children who 
slept for a short duration had twice 
the risk of being overweight/obese 
compared with children who slept 
for a long duration (odds ratio, 2.15; 
95% CI, 1.64–2.81) [33].

Screen time

Screen time is a major source of 
inactivity among children in many 
countries. Recently, the source of in-
creased screen time has shifted from 
television viewing to the use of other 
devices, including smartphones and 
tablets. Previously, well-documented 
evidence, including from intervention 
trials, has linked time spent watching 
television with risk of obesity in chil-
dren [35]. It is likely that the increas-
ing use and influence of social media 
in children’s lives have also affected 
their eating patterns and physical 
activity behaviours, and thus could 
affect their weight. However, few 
recent studies have examined the 
impact of overall screen time and 
the impact of social media on risk of 
obesity in children.

Snacking

Children eat snacks often, which 
may contribute to their total energy 
consumption, especially in devel-
oped countries. The types of foods 
commonly consumed as snacks 
are often high in fats (saturated  
and trans-fatty acids) or sugars (i.e. 
potato chips, cookies) and thus add 
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considerably to daily energy intake 
and may affect energy balance.

Built and social environments

Built environment

The local community and school 
food environments, facilities, and 
services affect children’s eating and 
physical activity behaviours. Chil-
dren may buy food and beverage 
products from food stores close to 
home and school. School nutrition 
services, in particular school lunch, 
and school physical education affect 
children’s energy balance. In addi-
tion, parental concerns about safety 
issues may limit a child’s ability to 
play outdoors or walk to school.

Social norms and body image

Social norms affect people’s behav-
iours, including eating and physical 
activity. Peer influence as a part 
of social norms may have an even 
greater impact on adolescents. Dif-
ferences exist between countries 
and between ethnic groups with re-
spect to ideal body type.

Other risk factors

Adiposity rebound

The timing of the adiposity rebound 
(the rebound in BMI in childhood) 
predicts later obesity. An early adi-
posity rebound in childhood predicts 
higher BMI levels in adolescence 
and adulthood and an increased risk 
for children of becoming obese as 
adults [36, 37].

The gut microbiota, prebiotics, 
and probiotics

Recent evidence suggests that the 
gut microbiota is involved in the 
control of body weight, energy ho-
meostasis, and inflammation, and 
thus plays a role in risk of obesity; 

prebiotics and probiotics have phys-
iological functions that contribute to 
changes in the composition of the 
gut microbiota and may also affect 
appetite and weight status [38].

Stress

Some research suggests that stress 
during childhood and adolescence, 
including peer influence, is associat-
ed with obesity risk, but this is still not 
well understood [39, 40]. It has been 
suggested that high levels of stress 
may change eating patterns and 
increase consumption of highly pal-
atable foods. Repeated high levels 
of stress and/or chronic stress may 
alter the biology of stress regulation 
and appetite/energy regulation; both 
of these components directly affect 
neural mechanisms that contribute 
to stress-induced and food cue-in-
duced overeating of highly palatable 
foods [40].

Prevention of childhood 
obesity

Many studies have examined the pre-
vention and management of obesity 
in children. Most of these studies have 
been conducted in high-income coun-
tries, and very little is known about 
the situation in low- and middle-in-
come countries. Nevertheless, many 
useful lessons have been learned 
and some recommendations have 
been made (Table 9.2). The grow-
ing obesity problem is societal, and 
thus it demands a population-based, 
multisectoral, multidisciplinary, and 
culturally relevant approach [41]. Un-
like most adults, children do not have 
much power to choose the environ-
ment in which they live and the food 
they eat. Furthermore, they also have 
a limited ability to understand the 
long-term consequences of their be-
haviours. Therefore, special attention 
and efforts are needed to help them 
develop healthy lifelong habits, to 
prevent obesity.

Various interventions conducted 
in countries worldwide have been 
reviewed to determine which pro-
grammes are successful and what 
research is needed for the preven-
tion of childhood obesity [42, 5, 43, 
44]. Many studies have been con-
ducted to study prevention of child-
hood obesity, and mixed results have 
been reported [44–46]. Adequate 
evidence has been accumulated to 
support that interventions, especial-
ly school-based programmes, could 
be effective in preventing childhood 
obesity. Even if some of the interven-
tions cannot reduce the prevalence 
of childhood obesity, they may still 
result in beneficial changes in other 
health outcomes, such as lowered 
blood pressure and improved blood 
lipid profile, as shown by recent sys-
tematic reviews and meta-analyses 
[42, 45–48].

In the most comprehensive sys-
tematic examination of childhood 
obesity prevention studies reported 
to date, the effectiveness of various 
childhood obesity prevention pro-
grammes was evaluated [42, 44, 47, 
48]. The findings could help various 
stakeholders to understand the ef-
fectiveness of obesity prevention 
programmes for children and of-
fer insights for future research and  
intervention development. The eval-
uation assessed 139 studies con-
ducted in multiple settings in high-in-
come countries during the past three 
decades, focusing on adiposity- 
related outcomes and strength of 
evidence. The strength of evidence 
varied by intervention strategy and 
setting. There was at least mod-
erate evidence for school-based  
interventions, and about 50% of 
them reported statistically significant 
desirable effects for adiposity-related 
measures. The school-based stud-
ies that also included a home-based 
component had the highest propor-
tion of studies with favourable results. 
Also, interventions conducted in mul-
tiple settings had more favourable  
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Table 9.2. Recommendations for promoting healthy eating and physical activity for obesity prevention in young 
peoplea

Setting Age group Recommendations related to nutrition Recommendations related to physical activity

Home Infants 
and young 
children

• Breastfeed exclusively for the first 6 months of life.
•  Continuously breastfeed until age 2 years and beyond, 

complemented with a variety of adequate, safe, and 
nutrient-dense complementary foods.

•  Avoid the use of added sugars and starches when 
feeding formula.

•  Accept the child’s ability to regulate energy intake 
rather than feeding until the plate is empty.

•  Ensure the appropriate micronutrient intake needed to 
promote optimal linear growth.

• Avoid rewarding children with candies.

•  Daily “tummy time” for infants younger than 6 months.
• Adult–infant interactions on the ground each day.
• Free exploration under adult supervision.
• Parents joining children in physical activity.
•  Avoid punishing children for being physically active 

and withholding physical activity as a punishment.

Children and 
adolescents

• Provide a healthy breakfast before each school day.
•  Serve healthy school snacks to children (whole grains, 

vegetables, and fruits).
• Promote intake of fruits and vegetables.
•  Restrict intake of energy-dense, micronutrient-poor foods.
• Restrict intake of sugar-sweetened beverages.
• Ensure opportunities for family meals.
• Limit exposure to marketing practices.
•  Teach children to resist temptation and marketing 

strategies.
•  Provide information and skills to make healthy food 

choices.

•  Reduce non-active time (e.g. television viewing, 
computer use).

•  Encourage safe walking/bicycling to school and to 
other social activities.

•  Make physical activity part of the family’s daily routine, 
such as designating time for family walks or playing 
active games together.

•  Ensure that the activity is age-appropriate, and provide 
protective equipment such as helmets, wrist pads, and 
knee pads.

Childcare/
school

Infants 
and young 
children

•  Provide school food programmes to increase the 
availability of healthy food in schools.

•  Ensure that food served in schools adheres to 
minimum nutrition standards.

• Promote parental involvement.

•  Use cribs, car seats, and high chairs for their primary 
use only.

•  Limit use of equipment (strollers, swings, and bouncer 
seats).

•  Implement activities for toddlers and preschoolers that 
limit sitting or standing to no more than 30 minutes at 
a time.

Children and 
adolescents

•  Provide health education to help students acquire 
knowledge, attitudes, beliefs, and skills that are 
needed to make informed decisions, practise healthy 
behaviours, and create conditions that are conducive 
to health.

•  Provide school food programmes to increase the 
availability of healthy food in schools.

•  Have vending machines only if they sell healthy 
options, such as water, milks, juices without added 
sugars, fruits and vegetables, sandwiches, and low-fat 
snacks.

•  Ensure that food served in schools adheres to 
minimum nutrition standards.

•  Provide school health services for students and staff of 
the school, to help foster health and well-being as well 
as prevent, reduce, monitor, treat, and refer important 
health problems or conditions for students and staff of 
the school.

•  Use school gardens as a tool to develop awareness 
about food origins.

• Promote parental involvement.

•  Offer daily physical education classes with a variety 
of activities, so that the maximum number of students’ 
needs, interests, and abilities are addressed.

• Offer extracurricular activities.
•  Encourage safe, non-motorized modes of 

transportation to school and other social activities.
•  Provide access to adequate physical activity facilities 

to students and the community.
•  Encourage students, teachers, parents, and the 

community to become physically active.

Health-care 
providers

All ages •  Monitor growth in children (consider the rate of weight gain, body mass index [BMI], and parental weight status as 
risk factors for later obesity).

•  Address weight management and lifestyle issues with all patients, regardless of presenting weight, at least once 
a year.

•  Counsel on the following: (i) limiting consumption 
of sugar-sweetened beverages; (ii) encouraging 
diets with recommended quantities of fruits and 
vegetables; (iii) eating breakfast daily; (iv) limiting 
eating at restaurants, particularly fast-food restaurants; 
(v) encouraging family meals in which parents and 
children eat together; and (vi) limiting portion sizes.

•  Counsel parents and children’s caregivers on the 
following: (i) not to permit televisions, computers, or 
other digital media devices in children’s bedrooms 
or other sleeping areas; (ii) eating a diet rich in 
calcium; (iii) eating a diet high in fibre; (iv) eating a 
diet with balanced macronutrients; (v) initiating and 
maintaining breastfeeding; (vi) participating in 60 
minutes of moderate to vigorous physical activity per 
day for children of healthy weight; and (vii) limiting 
consumption of energy-dense foods.
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outcomes than single-setting inter-
ventions. The interventions with the 
highest strength of evidence were 
physical activity-only interventions 
delivered in schools with home 
involvement and combined diet–
physical activity interventions deliv-
ered in schools with both home and 
community components. Overall, 
a greater proportion of multisetting 
studies demonstrated significant 
and beneficial results compared 
with single-setting interventions. For 
all settings combined, the highest 
proportion of significant and favour-
able impacts on adiposity-related 
outcomes was attributable to di-
et-only interventions, whereas the 
lowest proportion of successes was 
for physical activity-only interven-
tions. The strength of evidence for 
the effectiveness of interventions 
in settings other than schools and 
homes was insufficient.

Both healthy eating and physical 
activity should be targeted in obe-
sity prevention. Some researchers 
have argued that it may be more 
feasible and effective to target en-
ergy intake control by use of na-
tional policies. Nutrition policies are 
needed to tackle childhood obesity, 
promote healthy growth, ensure nu-

tritional security in every household, 
and protect children from lifestyle 
choices that lead to inactivity or to 
the overconsumption of foods with 
poor nutritional quality [5]. Public 
health efforts are needed to protect 
children from the marketing of sed-
entary activities and energy-dense, 
nutrient-poor foods and beverages. 
The governance of food supply and 
food markets should be improved, 
and commercial activities need to be 
monitored and regulated. Childhood 
obesity prevention efforts need to 
be broadened to include interven-
tions that change the nature of the 
food and consumer environment, 
including the availability, price, and 
formulation of different types of food 
products and the marketing practic-
es that influence food choices and 
preference.

Conclusions

Multiple factors at the individual, fam-
ily, school, society, and global levels 
affect children’s energy balance-re-
lated behaviours and have contribut-
ed to the increases in the prevalence 
of childhood obesity worldwide. Al-
though genetic factors play an im-
portant role in affecting individuals’ 

susceptibility to developing obesity, 
environmental factors should be the 
key targets of intervention efforts to 
fight the epidemic, because they are 
modifiable.

To prevent obesity, it is recom-
mended that children should do the 
following: (i) increase consumption of 
fruits and vegetables, legumes, whole 
grains, and nuts; (ii) limit energy in-
take; (iii) limit the intake of high-ener-
gy-density foods, such as fried foods, 
fast foods, processed foods, and sug-
ars, as well as sugar-sweetened bev-
erages; and (iv) be physically active 
and reduce sedentary behaviours, 
to accumulate at least 60 minutes of 
moderate to vigorous activity each 
day and to limit screen time.

Of greater urgency and impor-
tance is developing sustainable and 
effective interventions to control the 
childhood obesity epidemic; the col-
laboration and strong commitment 
of government, industry, and oth-
er stakeholders is needed. These 
stakeholders can and should play 
key roles in creating healthy envi-
ronments by facilitating the availabil-
ity of healthier options that improve 
eating patterns and physical activity 
behaviours among children.

Table 9.2. Recommendations for promoting healthy eating and physical activity for obesity prevention in young 
peoplea (continued)

Setting Age group Recommendations related to nutrition Recommendations related to physical activity

Policies and 
regulations

All ages •  Develop and implement assistance programmes to facilitate healthy eating and physical activity for low-income 
and vulnerable populations.

•  Establish and monitor the implementation of uniform voluntary national nutrition and marketing standards for food 
and beverage products marketed to children.

•  Have sound economic development plans and urban planning to create healthful environments and facilitate 
healthy eating and physical activity behaviours.

a Some of these are based on experts’ opinions.
Sources: WHO (2017) [41], Barlow and the Expert Committee (2007) [49], Davis et al. (2007) [50], IOM (2011) [51].
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•  Childhood obesity rates have increased over the past two decades in most countries worldwide, while the 
prevalence seems to have reached a plateau in some high-income countries in recent years, due in part 
to national campaigns, including policy changes.

•  In developed countries in 2013, about 23% of children were overweight or obese.
•  The trends in childhood obesity rates and the large variations in the rates and trends between countries 

provide useful insights into the drivers of the epidemic.
•  Many factors have contributed to the increase in the prevalence of obesity in children, including unhealthy 

eating patterns, lack of physical activity, increased sedentary behaviours (i.e. screen time), and shorter 
sleep duration, as well as other factors, such as parenting and family factors, school factors, social norms, 
and community food and physical activity environments that affect children’s eating and physical activity 
behaviours.

•  Experiences during early life stages (including prenatal factors, such as exposures that women experience, 
and postnatal factors, such as infant and young child feeding) can have important, long-term impacts on 
future health, including risk of obesity.

•  Family environment is important for children’s health behaviours and outcomes. The relationship between 
family socioeconomic status and obesity is complex, has changed over time, and varies between population 
groups and between countries.

•  The global childhood obesity epidemic demands a population-based, multisectoral, multidisciplinary, and 
culturally relevant approach. Children need assistance and special efforts to help them develop healthy 
eating patterns and physical activity behaviours and maintain an optimal body weight.

•  To prevent obesity, it is recommended that children should: (i) increase consumption of fruits and vegetables, 
legumes, whole grains, and nuts; (ii) limit energy intake; (iii) limit the intake of high-energy-density foods, 
such as fried foods, fast foods, processed foods, and sugars, as well as sugar-sweetened beverages; and 
(iv) be physically active and reduce sedentary behaviours (accumulate at least 60 minutes of moderate to 
vigorous activity each day, and limit screen time).

Key points

The following list is based on the recommendations from Wang et al. (2015) [42].
•  Further research is needed on the key drivers of the childhood obesity epidemic worldwide, their relative 

effects, and the differences between countries and between population groups within countries.
•  Studies are lacking on the changing roles of family and parents and how these affect childhood obesity. 

Given the many social and environmental changes, including technological development and changes in 
the labour force, it is likely that parental and family roles may have changed.

•  Intervention studies conducted in non-school-based settings are needed. The literature on interventions 
that do not include a school component is sparse. More studies are needed that test environmental and 
policy-based interventions. Also, very few preventive studies have taken place in clinical settings, such as 
within a primary care practice. Primary health-care providers could play an important role in the prevention 
and management of childhood obesity.

•  Innovative study design and intervention approaches are needed. Drawing on established behavioural 
theories and using innovative intervention strategies when designing interventions may help to increase 
their success in prevention of childhood obesity.

•  Systems science-guided intervention studies are needed. Obesity is the result of a complex mixture of 
biological, behavioural, social, economic, and environmental factors. An effective and sustainable strategy 
for obesity prevention may have to target many factors. Applying a systems science approach in intervention 
design, implementation, and evaluation can take into account multiple risk factors as well as the complex 
interactions and feedback loops between them.

•  The cost–effectiveness of interventions should be assessed. Cost–effectiveness analyses will add important 
value to the evaluation of an intervention and are also important for the promotion and dissemination of 
effective interventions.

•  The implementation of intervention programmes may also have potential harms, such as unintentionally 
increasing weight-based stigma when programmes are implemented on a large scale for many children. 
Few studies have assessed and reported on potential harms.

•  There are many promising opportunities and also challenges for international collaboration on childhood 
obesity prevention. More research is needed to learn about how to effectively facilitate such collaboration 
and overcome the barriers.

Research needs
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long term [1]. Success in pharmaco-
therapeutics for weight loss has also 
been meagre, and in some instances 
disastrous. A handful of anti-obesity 
medications have been approved 
by the European Medicines Agency 
(EMA) and the United States Food 
and Drug Administration (FDA). One 
of the most successful of these is 
the lipase inhibitor orlistat. Howev-
er, because orlistat diminishes in-
testinal fat absorption, a frequent 
side-effect of the drug is fatty stool, 
which many patients cannot toler-
ate. Other weight-loss drugs, such 
as rimonabant, are approved for use 
in the European Union but are not 
widely prescribed because of safety 
concerns and limited effectiveness. 
Many other weight-loss drugs have 
been brought to market in the past 
few decades, only to be withdrawn 
because of serious side-effects, in-
cluding death [2]. There are other 
drugs that do achieve safe weight 
loss, primarily those approved and 

This chapter reviews the evi-
dence supporting a joint effect of 
genes and lifestyle factors in obesi-
ty, focusing mainly on evidence from 
epidemiological studies and clinical 
trials research.

Obesity is the scourge of most 
contemporary societies; about 40% 
of adults worldwide are overweight 
and 13% are obese (http://www.who.
int/mediacentre/factsheets/fs311/
en/). Much of the burden that obesity 
conveys arises from the life-threat-
ening diseases it causes, although 
there are also direct consequences, 
because quality of life is often dimin-
ished in people with morbid obesity 
as a result of social stigma and other 
societal challenges.

Although intensive lifestyle mod-
ification leads to short-term weight 
loss in most people, weight regain 
typically begins within a year of in-
tensive intervention, and only a small 
minority of the target populations are 
able to maintain reduced weight in the 

marketed for treatment of diabetes: 
(i) metformin, which reduces hepatic 
gluconeogenesis (the production of 
glucose in the liver); (ii) sodium-glu-
cose linked transporter 2 (SGLT2) 
inhibitors, such as empagliflozin, 
which reduce re-uptake of glucose 
in the kidneys and are diuretic; and 
(iii) glucagon-like peptide-1 (GLP-1) 
agonists, such as exenatide, which 
diminish appetite by delaying gastric 
emptying. However, because all of 
these drugs can cause side-effects 
and they are not all reimbursable by 
health insurance providers for treat-
ment of obesity, they are rarely used 
primarily for weight reduction.

The third weapon in the anti-obe-
sity arsenal is bariatric surgery. Un-
like drugs and lifestyle intervention, 
which perturb the disease process, 
surgery can permanently alter the 
disease trajectory. Therefore, long-
term weight loss through surgery 
is generally sustained to a much 
greater degree than weight loss from 
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factors modulate a person’s response 
to weight-loss therapies might help 
to predict the response to different 
types of intervention, by guiding 
therapeutic choices in ways that are 
more precise and effective than con-
ventional approaches, thereby avoid-
ing unnecessary side-effects and 
reducing costs.

Why might gene–lifestyle 
interactions be relevant in 
obesity?

Germline DNA variants are especial-
ly appealing biomarkers for targeting 
obesity interventions, because they 
are randomly assigned at meiosis 
and are stable throughout a person’s 
life, rendering their associations with 
phenotypes fairly robust to confound-
ing and reverse causation. DNA vari-
ants are also the starting point of a 
process called the central dogma of 
molecular biology [6], downstream of 
which a complex molecular cascade 
ensues that translates the effects of 
extrinsic environmental exposures 
(of which diet and exercise are major 
components in obesity) to the clinical 
phenotypes that characterize health 
and disease. That molecular cas-
cade is made up of gene transcripts 
and proteins, as well as epigenomic 
features (in the form of methylation 
marks, open chromatin, histone 
modifications, etc.), small circulating 
molecules (metabolites), and an ar-
ray of peptide hormones and other 
biochemical components.

Studies in twins provided some 
of the earliest compelling evidence 
that obesity is under a high degree 
of genetic control. A study of chil-
dren and adolescents showed that 
82–90% of the phenotypic variance 
was explained by additive genetic 
factors [7]. The study used objective 
assessments of body composition 
(dual-energy X-ray absorptiometry 
[DEXA] and hydrostatic weighing), 
enabling the careful distillation of 
body corpulence into its constituent 

lifestyle intervention or drug therapy. 
However, like drug therapies, bariat-
ric surgery is expensive – although 
it is cost-effective for diabetes treat-
ment compared with drug therapy 
[3] – and is not risk-free; serious ad-
verse events [4] include about 4 in 
1000 patients dying within 60 days of 
surgery [5]. Thus, although surgery 
is appropriate for a small minority of 
morbidly obese patients, it is no pan-
acea for the obesity epidemic.

Of the three core prevention and 
treatment options for obesity, behav-
ioural interventions that favourably 
affect chronic energy balance are by 
far the most compelling, not least be-
cause diet and exercise are generally 
safe, are relatively inexpensive, and 
convey numerous additional benefits 
to health and well-being that drugs 
and surgery do not. However, the 
considerable therapeutic idiosyncra-
sies of lifestyle therapy cause wide 
variability in its effectiveness at a 
population level. Some of this varia-
bility is due to the extent to which the 
participant adheres to the interven-
tion, and some is due to differences 
in the participant’s biology, which 
modulates the effects of lifestyle in-
terventions on rates of weight loss 
and weight regain.

The common outcome variable in 
obesity research and clinical practice 
is weight change, because it can be 
assessed easily and inexpensively. 
Changes in the amount and deposi-
tion of adipose tissue and ectopic fat 
are probably more clinically impor-
tant phenotypes, but they are more 
difficult to quantify. Beyond this, 
weight change should be more than 
merely aesthetic; thus, the many 
clinical sequelae of weight change 
should also be tracked. Neverthe-
less, whether the outcome of lifestyle 
intervention trials is weight or a relat-
ed metabolic outcome, the response 
to the intervention is generally highly 
heterogeneous.

Therefore, quantifying and under-
standing the ways in which genetic  

morphological features. Studies in 
adults have reported somewhat low-
er heritability estimates for obesity.

One of the most eloquent adult 
twin studies assessed the heritability 
of body mass index (BMI) in several 
hundred male and female Swedish 
twins; about half of them had been 
reared together, and the remainder 
had been reared apart, having been 
adopted into different families soon 
after birth [8]. The study showed that 
the concordance of BMI in mono-
zygotic (identical) twins was about 
70% regardless of whether the twins 
had been reared apart or together, 
whereas the concordance in dizygot-
ic (fraternal) twins was substantially 
less, suggesting a strong genetic 
component to obesity. Importantly, 
however, as discussed later in this 
chapter, the genetic aberrations that 
cause obesity do so through a range 
of diverse mechanisms, including 
those that affect appetite, satiation, 
and energy expenditure.

However, knowing that obesity is 
highly heritable does not necessarily 
mean that it is the consequence of 
gene–lifestyle interactions. To deter-
mine this, one could test whether the 
obesogenic effects of lifestyle expo-
sures (in epidemiological studies) or 
response to weight-perturbing inter-
ventions (in clinical trials) are heri-
table. In studies of twins in the USA 
exposed to long-term overfeeding 
[9] or exercise [10] interventions, the 
concordance in adaptive response 
to the interventions was significant-
ly higher within twin pairs compared 
with the concordance between unre-
lated participants for a range of body 
composition measures, including 
waist circumference, body fat per-
centage, and fat-cell diameter (for 
exercise response).

Collectively, there is compelling 
evidence supporting the view that 
body corpulence in the free-liv-
ing state and change in body cor-
pulence with diet or exercise are 
governed to a considerable extent 
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by genetic factors. These are so-
called quantitative genetics studies. 
Unlike the molecular genetics stud-
ies of the modern era, quantitative 
genetics provides a broad-strokes 
genome-wide overview of genet-
ic influence on a phenotype but 
offers no insights into the specific 
molecular aberrations (e.g. single 
nucleotide polymorphisms [SNPs], 
insertions and deletions [indels], and 
copy number variations [CNVs]) that 
cause obesity or modify the effects 
of exposures and interventions on 
weight change.

Examples of gene–lifestyle 
interactions

Population-level molecular genetics 
studies of obesity, whether focused 
on associations or interactions, were 
once hopelessly unreliable. The evi-
dence reported in most such studies 
before 2007 lacked any reasonable 
degree of replication. Sample sizes 
generally ranged from a few dozen 
to a few hundred participants, and 
most of the studies that focused on 
interactions lacked robust measures 
of lifestyle exposures. A recent  
systematic review [11] identified 212 
studies published between 1995 and 
mid-2012 that tested gene–lifestyle 
interactions in obesity; the review 
found that only those studies that 
focused on gene–physical activity 
interactions at the FTO (rs9960939) 
locus and gene–diet interactions at 
the PPARG (Pro12Ala) locus had 
been independently replicated. As 
is explained later in this chapter, 
replication studies of gene–lifestyle 
interactions face many challenges 
that extend beyond those faced by 
association studies. Therefore, the 
absence of replication does not nec-
essarily mean that the initial finding 
was false-positive. However, repli-
cation studies are a sentinel feature 
of science, and without replication 
results for interaction effects it would 
be difficult to justify major invest-

ments in expensive follow-up studies 
(such as clinical trials) to test wheth-
er a gene–lifestyle interaction has 
the potential for clinical translation.

The FTO example cited above 
was the first of several encouraging 
illustrations of gene–lifestyle inter-
actions in obesity. The role of FTO 
variation in obesity was first de-
scribed in three papers published in 
close proximity in 2007. Two of the 
studies made their discoveries using 
genome-wide association studies 
(GWAS) [12, 13], whereas the third 
[14] serendipitously identified the 
genetic association signal using a 
set of 48 intergenic SNPs intended 
for quality control, of which one was 
strongly associated with morbid obe-
sity. Nevertheless, the three studies 
reached consistent conclusions and 
provided the first convincing evi-
dence of an association of common 
genetic variation and obesity. The 
strongest signal for BMI emanated 
from the rs9960939 variant, which 
per copy conveys an odds ratio of 
1.35 for obesity and amounted to a 
difference in body weight for a per-
son 1.7 m tall of about 3 kg between 
the high-risk and low-risk homozy-
gous genotype groups [12].

Soon after the publication of these 
papers, studies began to emerge re-
porting evidence of gene–lifestyle in-
teractions at the FTO locus [12–17]. 
The first study to do so came from a 
Danish cohort study called Inter99 
[15]. The authors used a cross-sec-
tional subcohort of about 5500 Inter99 
participants to show that the genetic 
effect of the rs9960939 FTO variant 
on BMI was about 2 kg/m2 in people 
reporting little or no physical activity 
but was closer to 1 kg/m2 in those re-
porting high levels of physical activity. 
Soon after this work was published, 
a second observational study and a 
clinical trial reported complementary 
results. The observational study was 
of a population isolate of Amish in-
dividuals living in Pennsylvania [17]. 
The authors undertook a compre-

hensive analysis of FTO variation 
and explored interactions with ob-
jectively assessed physical activity 
(via accelerometry). The trial tested 
for genotype–treatment interactions 
on changes in obesity-related traits 
in the Diabetes Prevention Program 
(DPP), a randomized controlled tri-
al (RCT) of intensive lifestyle mod-
ification, metformin, and placebo 
control interventions [16]. Although 
there was no evidence of an inter-
action between the rs9960939 FTO 
variant and lifestyle intervention on 
weight change, there was nominal 
statistical evidence of an interaction 
on change in subcutaneous adipose 
mass (assessed using computed 
tomography). The interaction effect 
was consistent with the epidemiolog-
ical data reported in the Danish and 
Amish studies.

Many studies were published in 
the following year, each addressing 
the FTO interaction hypothesis, but 
with mixed results. Given this state 
of equipoise, an analysis was un-
dertaken involving about 220  000 
adults and 20  000 children and ad-
olescents, to seek replication of the 
original study’s findings. To do this, a 
standardized analysis plan was exe-
cuted in each of the 54 cohorts from 
which the 240 000 participants em-
anated. The meta-analysis of these 
data yielded a statistically significant 
interaction effect, one that was con-
sistent in direction with the original 
reports, although of a much smaller 
magnitude (about one sixth of the 
magnitude of the original interaction 
effect) [19].

Replication studies: relevance 
and challenges

After the discovery of FTO in 2007, 
many subsequent GWAS analyses 
were performed, each larger than 
the last and each contributing to 
the burgeoning array of obesity-as-
sociated genetic variants [18]. With 
the emergence of these data came 
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studies modelling the combined ef-
fects of these loci (as genetic risk 
scores) and their interactions with 
lifestyle. Of the many that have now 
been published, three epidemiologi-
cal studies stand out.

The first study examined the 
interaction of 12 obesity loci and 
physical activity in 20 000 adults in 
the United Kingdom [19a]. The study 
was a textbook analysis of gene–life-
style interaction effects and yielded a 
highly statistically significant interac-
tion effect, which showed that physi-
cal activity appeared to diminish the 
effect of the genetic loci on BMI.

These exciting results were pub-
lished in one of the leading general 
medical journals, and the study was 
clearly well conducted, but without 
replication data the possibility that 
these findings might be popula-
tion-specific or false-positive could 
not be ruled out. Therefore, a study 
attempted to replicate these find-
ings in a combined sample of about 
40 000 Swedish adults, but initially 
failed. For reasons outlined in de-
tail by Ahmad et al. [11], a series of 
factors were identified that inhibited 
replication of gene–lifestyle interac-
tion effects (listed in the “Key fac-
tors” box at the end of this chapter). 
It was subsequently determined that 
these factors are features that are 
likely to affect other replication stud-
ies of gene–lifestyle interactions, in-
cluding the large study of interaction 
between FTO variation and phys-
ical activity discussed above [19]. 
Hence, although replication is the 
bulwark against false discovery, it is 
important to ensure that replication 
studies that fail to support the initial 
discoveries do so for the right rea-
sons. In the replication study [11], it 
was shown that when inhibiting fac-
tors are considered, the sample size 
required to achieve sufficient power 
to test the hypothesis amounts to a 
cohort collection of more than about 
100  000 adults, about 5 times as 
large as the original study. By testing 

this hypothesis in 111 000 adults, the 
authors were able to reproduce the 
original finding, albeit with an inter-
action effect of substantially smaller 
magnitude [11].

A third major study, performed 
in three epidemiological cohorts in 
the USA, focused on the interaction 
of a genetic risk score comprising 
32 obesity-associated loci and con-
sumption of sugar-sweetened bever-
ages [20]. These analyses showed 
that the genetic predisposition to 
obesity tended to be stronger in peo-
ple who consumed higher volumes 
of sugar-sweetened beverages. In a 
field that is plagued by a dearth of 
replication data, this study stands 
out as one of very few to report novel 
findings on gene–lifestyle interac-
tions alongside robust replication 
data from independent cohorts.

Although replication is important, 
it provides no assurance of cause 
and effect in observational studies. 
There are many alternative explana-
tions for why two variables might be 
associated with another that do not 
include causality, because the fac-
tors that might confound these rela-
tionships in one cohort could easily 
do so in others. Gene–lifestyle in-
teraction studies are more prone to 
confounding and bias than studies 
that test the marginal associations 
of lifestyle or genetic exposures in 
disease. This is because interaction 
studies are prone to all of the major 
sources of bias and confounding 
that plague conventional associa-
tion studies, as well as types of con-
founding and bias that are specific to 
interaction effects. For example, the 
way in which data are distributed can 
undermine the credibility of statisti-
cal interactions [21].

In the examples discussed above  
of gene–physical activity interac-
tions in obesity (assessed using 
BMI, which is calculated as the 
weight in kilograms divided by the 
square of the height in metres), a  
further potential source of con-

founding exists. Although BMI is 
probably the most common estimate 
of adiposity in research studies and 
clinical practice, it is a proxy for the 
underlying degree of adiposity. In 
general, people with higher BMI 
scores are also fatter, but this is by 
no means always true. Consider, for 
example, muscular athletes such 
as major league basketball players, 
many of whom have BMI scores that 
classify them as “overweight” [22]. 
In population-based cohorts, one 
should expect there to be a subpop-
ulation of people who are heavy and 
lean, in part because they are more 
physically active. One would expect 
few physically inactive people to be 
heavy and lean, and even fewer phys-
ically active people to be fat. Thus, if 
one were to model the association of 
obesogenic gene variants with BMI 
in the subpopulation of physically in-
active people, one would anticipate 
a strong relationship, but if one were 
to model the same association in the 
physically active subpopulation, one 
should expect this relationship to be 
weaker, because BMI is a weaker 
proxy for total adiposity in physically 
active people compared with physi-
cally inactive people. Thus, because 
the interaction tests outlined in the 
studies discussed above compare 
the magnitude of the association be-
tween genotypes and BMI by strata 
of physical activity, statistically sig-
nificant interaction tests could be 
driven entirely by confounding. Thus, 
when outcomes are assessed using 
imperfect proxies and the validity of 
that proxy varies across the distri-
bution of the lifestyle exposure, this 
type of confounding, which is specif-
ic to interaction analyses, should be 
carefully considered.

Clinical trials

Epidemiology is a powerful tool for 
generating hypotheses about gene–
lifestyle interactions, but it is prone  
to bias, confounding, and reverse 



Chapter 10. The interplay of genes, lifestyle, and obesity 83

C
H

A
PT

ER
 1

0

causality. RCTs of lifestyle inter-
ventions are more tightly controlled 
and monitored than epidemiologi-
cal studies; they are prospective in 
design (most published epidemio-
logical studies of gene–lifestyle in-
teractions have been performed in 
cross-sectional data sets), thereby 
permitting the assessment of tempo-
ral relationships, and are less prone 
to confounding, because treatment 
(lifestyle vs control) is randomly as-
signed and hence should not be cor-
related with other factors that under-
lie an association between exposure 
and outcomes. However, because 
it is usually not possible to blind a 
participant to treatment allocation in 
a lifestyle trial (i.e. trials focused on 
changing diet and exercise behav-
iours), and because there is no pla-
cebo that can be given for exercise 
and most dietary factors, lifestyle 
trials are less robust to confounding 
than, say, placebo-controlled drug 
trials.

It is important to keep this in 
mind, because in lifestyle interven-
tion studies behavioural compen-
sation is known to occur, and this 
might lead participants assigned to 
treatment or control interventions 
to modify behaviours outside the 
hours of the intervention and thereby 
affect the trial’s outcomes. There-
fore, although much is made of the 
variability in treatment response in 
lifestyle intervention trials, perhaps 
most notably in the Health, Risk 
Factors, Exercise Training, and Ge-
netics (HERITAGE) Family Study 
[23], it is reasonable to assume that 
some of the variability in response is 
due to behavioural compensation. 
The HERITAGE Family Study was 
an intervention-only exercise train-
ing (aerobic and resistance training) 
study administered over 20 weeks in 
about 1000 participants. The results 
from the study seem to suggest that 
there are “responders” and “non-re-
sponders” to exercise interventions, 
causing clinical phenotypes to im-

prove dramatically in some partici-
pants (super-responders), whereas 
in other participants these same 
phenotypes do not improve (non-re-
sponders), or even worsen.

It is often the case that research-
ers interpret “phenotypic response” 
data from the HERITAGE Family 
Study and elsewhere as compelling 
evidence of biologically (genetically) 
encoded exercise-response poten-
tial [23]. However, genetic predispo-
sition is only one of many plausible 
explanations for these results. For 
example, exercise intervention stud-
ies have shown that when people are 
encouraged to undertake structured 
exercise, non-exercise activity ther-
mogenesis (the component of total 
physical activity that is not struc-
tured) decreases on average [24], a 
concept sometimes termed behav-
ioural compensation. Importantly, 
because the time spent undergoing 
the lifestyle intervention in a trial 
(often about 150 minutes per week) 
is a very small proportion (< 2%) of 
the overall waking hours, a partic-
ipant’s behaviour during the hours 
when they are not participating in 
the intervention sessions will affect 
the extent to which their health phe-
notypes change during the trial, irre-
spective of the intervention’s inten-
sity or how faithfully the participant 
has adhered to it. Moreover, varia-
bility in measurement precision and 
accuracy (error), which are inherent 
features of all clinical trials and ob-
servational studies, causes a phe-
nomenon called regression dilution, 
which contributes to the apparent 
variability in phenotypic response to 
interventions. Thus, measurement 
error is usually most abundant at 
the extremes of a trait’s distribution, 
and this should be considered when 
using data from lifestyle intervention 
trials to understand human biology.

Nevertheless, some of the inter-
individual variability in response to 
lifestyle interventions is likely to be 
under biological/genetic control, an 

assumption that is supported by her-
itability analyses undertaken in the 
HERITAGE Family Study and else-
where, showing that the variability in 
trait response is larger between fam-
ilies than within families [25]. Studies 
of gene–treatment interactions per-
formed in RCTs have the potential to 
identify specific genetic variants that 
underlie treatment response. Two of 
the largest and most comprehensive 
RCTs of lifestyle interventions were 
performed in the USA. The first, the 
DPP, was performed in about 3000 
prediabetic overweight adults [26], 
whereas the second, the Action for 
Health in Diabetes (Look AHEAD) 
trial, focused on about 5000 people 
with clinically manifest type 2 diabe-
tes [27]. The clinical interventions 
in both trials focused on inducing 
weight loss of about 7% of body 
weight through structured and per-
sonalized diet and exercise regimes, 
as well as comparison arms that pro-
vided standard of care; the DPP also 
included two drug arms (metformin 
and troglitazone). Extensive genet-
ic analyses, including those relating 
to the FTO locus (discussed above 
for the DPP) have been performed 
in both trials, with several analyses 
focusing on weight change.

The first analysis of this nature 
in the DPP focused on the PPARG  
Pro12Ala locus [28]. These analy-
ses in the DPP tested a hypothesis 
set forth by earlier epidemiological 
studies relating to the interaction 
of dietary fats. PPARG is a nuclear 
receptor that regulates many genes 
and pathways involved in energy 
metabolism, adipogenesis, and oth-
er metabolic processes. Long-chain 
unsaturated fatty acids bind with high 
affinity to PPARG, as do thiazolidine-
diones, a class of drugs used to im-
prove peripheral insulin sensitivity. 
Therefore, the authors tested wheth-
er the Pro12Ala variant modified the 
weight-loss effects of (i) lifestyle  
intervention per se, (ii) dietary fat-
ty acid consumption, and (iii) the  
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thiazolidinedione drug troglitazone. 
No statistical interaction was ob-
served with lifestyle, but with both 
dietary fats and troglitazone, the hy-
pothesized interaction effects were  
observed.

Many subsequent studies were 
conducted in the DPP; some in-
volved detailed explorations of can-
didate genes, such as MC4R [29], 
ADIPOQ [30], TCF7L2 [31], and 
PPARGC1A [32], and others fo-
cused on polygenic risk scores [33]. 
The most recent of these studies [34] 
assessed the effects of 92 variants 
that were recently reported for their 
associations with BMI by the Genet-
ic Investigation of Anthropometric 
Traits (GIANT) consortium [18]. Joint 
analyses were conducted in the DPP 
and Look AHEAD trials to determine 
whether these variants, singly or in 
combination, modified the effects 
of lifestyle interventions focused on 
weight loss or prevention of weight 
regain. Overall, little evidence was 
found of interactions between life-
style and these genetic variants, 
suggesting that GWAS-derived ge-
netic loci for obesity have no clinical-
ly meaningful impact on response to 
lifestyle interventions. However, one 
variant (at MTIF3) yielded a statis-
tically significant interaction effect 
on weight loss that was consistent 
in direction and magnitude in the 
DPP and Look AHEAD trials. The 
interaction manifested through a 
slightly elevated risk of weight gain 
in carriers of the G allele (the allele 
associated with higher BMI in the  
GIANT consortium meta-analysis 
[18]) who were assigned to the con-
trol intervention, which contrasted 
with the genetic effect in those as-
signed to the lifestyle interventions 
(where the G allele was associated 
with greater weight loss). The very 
similar results in the two trials rep-
resent some of the most robust evi-
dence of a gene–lifestyle interaction 
in weight change published to date. 
Adding further credence to these 

findings is a large (N = 67 000), in-
dependent analysis of gene–diet in-
teractions in BMI in a cross-sectional 
cohort collection [35]. This analysis 
of 32 of the 92 loci studied in the 
DPP and Look AHEAD trials found 
that the strongest evidence of inter-
action between a gene variant and 
diet was at the MTIF3 locus. Obvious 
differences in study designs and out-
comes make determining the com-
parability of the interaction effects 
across these studies challenging.

MTIF3 is involved in forming the 
initiation complex of the mitochon-
drial 55S ribosome [36, 37], which in 
turn synthesizes 13 of the inner mi-
tochondrial membrane proteins. The 
regulation of MTIF3 plays a key role 
in mitochondrial energy metabolism 
and reactive oxygen species produc-
tion as part of the electron transport 
chain [37]. As was reported previ-
ously [34], although rs1885988 is an 
intronic variant, its close proximity 
(411 bp) to a triallelic missense SNP 
with a DNase peak indicates that the 
rs1885988 variant is a marker for a 
chromatin site involved in transcrip-
tion factor binding regulation.

Functional implications

Notwithstanding the limitations of 
focusing on GWAS-derived (margin-
al-effect) loci for interaction analy-
ses, the approach has the advantage 
that huge efforts have been invested 
in determining the functional basis of 
the genes to which the index maps. 
Importantly, locus mapping is still a 
fairly imprecise affair, and in many in-
stances the region to which a variant 
with the strongest association sig-
nal in a GWAS maps spans several 
genes. Thus, leaping from an associ-
ation signal to functional prognosis is 
fraught with caveats.

Nevertheless, in silico function-
al annotation performed by the GI-
ANT consortium mapped BMI-as-
sociated loci to putative functional 
variants and transcription profiles 

across multiple human tissues [38], 
which indicated an overrepresenta-
tion of several of these loci across 
neural pathways involved in satia-
tion and appetite. Those analyses 
were extended in the most recent  
GIANT publication on BMI-associat-
ed variants to include about 60 further 
variants [18]. Using the DEPICT soft-
ware [39], the authors provided fur-
ther evidence of enrichment across 
central nervous system pathways 
(i.e. synaptic function, long-term 
potentiation, and neurotransmitter 
signalling) but also found that some 
of the newly discovered loci mapped 
to pathways implicated in movement 
behaviour (physical activity and co-
ordination) in mouse models. These 
intriguing functional implications add 
further support to the potential role of 
GWAS-derived loci in gene–lifestyle 
interactions. Although most common 
variants have roughly comparable 
effect sizes, FTO stands out given 
that the association and effect-mod-
ifying roles (of lifestyle exposures) 
in obesity are now well defined. 
However, despite huge efforts, the 
mechanisms through which FTO 
acts remain unclear. What is clear is 
that these mechanisms are complex, 
involving long-range interactions with 
other loci (e.g. IRX3 [40]), and may 
be triggered by epigenomic factors 
(e.g. TRIM28 [41]).

Conclusions

There is an abundance of pub-
lished evidence, predominantly from 
cross-sectional epidemiological stud-
ies, that supports the notion that life-
style and genetic factors interact to 
cause obesity. However, few studies 
have been adequately replicated, 
and functional validation and specif-
ically designed intervention studies 
are rarely undertaken; both of these 
are necessary to determine whether 
observations of gene–lifestyle inter-
action in obesity are causal and of 
clinical relevance.
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•  The patterns and distributions of obesity within and between ethnically diverse populations living in similar 
and contrasting environments suggest that some ethnic groups are more susceptible to obesity than others. 
Generally, when exposed to environments typical of industrialized countries, aboriginal peoples appear to 
be highly susceptible, whereas populations of European ancestry appear to be far less prone to obesity.

•  More than 150 common loci have been robustly associated with measures of body composition.

•  Evidence from several behavioural intervention studies suggests that response to caloric manipulation 
brought about by fasting, overfeeding, or exercise is heritable.

•  There is now convincing epidemiological evidence of interactions between common variants at FTO and 
lifestyle on obesity. Almost all of these data are from cross-sectional studies, and temporal relationships 
are not clear. There are large studies supporting gene–lifestyle interactions at several other common loci, 
but the burden of evidence is far less for these loci than for FTO.

•  The evidence from clinical trials supporting gene–lifestyle interactions at FTO or other loci is relatively 
weak compared with the epidemiological evidence.

•  The magnitude of the interaction effects reported for FTO (or other common variants) is insufficient to 
warrant the use of those data for clinical translation.

Key points

The following key factors affect the detection and replication of gene–lifestyle interaction effects.

•  Exposure variance. When all else holds equal, statistical power is usually inversely related to the variance 
(usually expressed as standard deviation) of the exposure variable.

•  Outcome variance. When all else holds equal, statistical power is usually positively related to the variance 
(usually expressed as standard deviation) of the outcome variable.

•  Categorization of variables. For exposures (or outcomes) that are normally distributed and bear linear 
relationships with outcomes (or exposures), data stratification tends to reduce power [42]. Moreover, a 
variable that is stratified at the median point of its distribution will tend to yield higher statistical power than 
one that is stratified at other points in its distribution.

•  Measurement error. Error in the assessment of exposure or outcome variables has a profound impact on 
statistical power, such that sample size requirements to detect interactions may differ by several orders of 
magnitude, depending on the quality of exposure and outcome measures [43].

•  Differential confounding. Interaction effects detected in observational studies are prone to confounding. 
However, confounding variables often differ between populations. Thus, if an interaction effect that is 
detected in one population is driven by confounding, and the confounding variables are absent in a replication 
cohort, then the replication cohort is likely to fail to reproduce the results of the initial study. However, 
successful replication does not necessarily exclude the possibility that interaction effects are confounded, 
because confounding factors may be simultaneously present in the discovery and replication cohorts.

•  Publication bias. Publishing negative findings, whether from studies of interaction or not, is generally 
more challenging than publishing results that appear statistically significant. Thus, the absence of negative-
outcome replication studies in the literature may not mean that replication studies have not been performed.

•  Winner’s curse. The interaction effects featured in high-impact journals are often among the most 
striking. However, striking effects are sometimes overestimates of the true latent effect; thus, the results 
of subsequent studies are likely to be weaker, which in turn limits the statistical power of those later studies. 
This concept is often referred to as the “winner’s curse”.

•  Population-specific effects. Although the logical conclusion when an adequately powered replication 
study fails is that the original discovery may be false-positive, one cannot exclude the possibility that the 
original finding was true-positive and population-specific. Further studies that explore three-way interactions 
(gene × lifestyle × population-specific parameters) would be needed to model these effects.

Key factors
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portance outside the gut, especially 
after the pioneering work of Gordon 
and collaborators [1].

Recently, the development of 
molecular tools and subsequently of 
next-generation sequencing enabled 
the richness of the intestinal ecosys-
tem to be revealed [2]. Each individ-
ual harbours hundreds of different 
species, most of which have not 
yet been cultured. Studies have re-
vealed that 70–80% of the dominant 
species have no representative in 
culture collections. Only a few doz-
en species are conserved between 
individuals, representing a core that 
seems to be a stable community un-
der healthy conditions. Although this 
view is controversial, some people 
consider the gut microbiota to be 
a true organ; as such, it could be 
transplanted. The recent success 
of faecal microbiota transplantation, 
especially in the context of Clostridi-
um difficile infection, argues for such 

The human microbiota is com-
posed of about as many microorgan-
isms as there are cells in the human 
body. It is a very diverse ecosystem 
comprising  more  than  100  trillion mi-
crobes living in the intestines, the 
mouth, the skin, the vagina, and 
elsewhere in the body. Although it 
was previously called the gastroin-
testinal flora or microflora, the more 
pragmatic term “microbiota” is now 
preferred.

The microbiome, the “other ge-
nome” or “second genome” of the 
human body, is composed of about 
10 million genes, compared with about 
23  000 genes in the human genome, 
and thus provides a very rich function-
al potential. The colonic microbiome 
is the most diverse and also the best 
characterized microbial community. 
Although the human microbiome 
has fantastic potential, it has only 
been about 10 years since the sci-
entific community first realized its im-

a definition [3]. In a healthy symbi-
otic state, the colonic microbiota 
is an important organ, interacting 
with food (in particular dietary fibre, 
enabling energy harvest from oth-
erwise indigestible dietary com-
pounds), interacting with cells (in-
cluding immune cells, but also the 
metabolic and nervous systems), 
and protecting against pathogens 
by acting as a barrier to infection 
(Fig. 11.1).

Gene catalogues of gut 
microbiota

The first draft of the human genome 
was published in 2000. In 2010, the 
Metagenomics of the Human Intes-
tinal Tract (MetaHIT) consortium re-
leased the first catalogue of human 
gut microbial genes, obtained after 
sequencing whole faecal microbiota 
metagenomes from 124 European indi-
viduals [4]. Interestingly, the 3.3 million 
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ation when attempting to extrapolate 
results obtained in mouse models to 
the situation in humans.

Colonization

The colonization process starts at 
birth, and the delivery type is the first 
factor that has an impact. For infants 
that are vaginally delivered, the initial 
gut microbiota resembles the moth-
er’s vaginal microbiota, dominated 
by bacteria of the genera Lacto-
bacillus, Prevotella, and Sneathia, 
whereas for infants delivered by 
caesarean section, the initial gut mi-
crobiota resembles the mother’s skin 
microbial community, composed of 
Staphylococcus, Corynebacterium, 
and Propionibacterium [8]. Coloniza-
tion is also strongly affected by the 
administration of antibiotics in early 
life [9]. During the first 3 years of life, 
the infant’s gut microbiota is highly 
unstable and is largely influenced 
by feeding habits. Key factors are 
the type of feeding (breastfeeding 
or formula feeding), the weaning 
time and process, and food compo-
sition, as well as the hygiene of the  
environment.

By the time an individual reaches 
adulthood, the intestinal microbiota 
is composed of several hundreds of 
different species, belonging only to a 
few phyla, predominantly Firmicutes, 
Bacteroidetes, and Actinobacteria 

gut bacterial genes in the MetaHIT 
catalogue were also well represent-
ed in the other metagenomes that 
were available at the time, from 
faecal samples of individuals in the 
USA and Japan. In parallel, the Hu-
man Microbiome Project published a 
catalogue of 178 reference bacterial 
genomes distributed among different 
body sites and including 151 repre-
sentative gastrointestinal species 
[5].

In 2014, the MetaHIT consortium 
published an integrated catalogue 
of 10 million bacterial  genes de-
rived from 1267 human gut metage-
nomes obtained from individuals 
on three continents, including 760  
samples from Europe. As expect-
ed, the number of frequent genes 
stopped increasing, whereas the 
number of rare genes, present in 
not more than 1% of the cohort, 
continued to increase [6]. Analyses 
of this close-to-complete catalogue 
revealed country-specific signatures 
for xenobiotic metabolism and nutri-
ent consumption for samples from 
individuals in China and Denmark.

More recently, a catalogue of 
the mouse gut metagenome was 
established, emphasizing the host 
specificity of the microbiota [7]. Only 
about 4.0% of the mouse gut micro-
bial genes were shared with those 
of the human gut microbiome. It is 
important to take this into consider-

[10], although Proteobacteria, Ver-
rucomicrobia, and Fusobacteria are 
present to a lesser extent. About 
50% of individuals harbour Archaea 
in their microbiota, especially Meth-
anobrevibacter smithii, which is re-
sponsible for methane excretion. A 
core of species has been identified 
as being present in most individuals, 
but with different relative abundanc-
es. The number of species identi-
fied in the core depends on the an-
alytical method used: 66 from 16S 
rDNA sequencing [11] or 57 from 
whole-metagenome sequencing [5]. 
Under healthy conditions, the in-
testinal microbiota is considered to 
be a stable community, influenced  
by dietary habits as well as by the 
physiology of its host.

Enterotypes

Further analysis of several metage-
nomes led to the discovery of three 
balanced ecological arrangements, 
termed enterotypes; the three en-
terotypes are dominated by Bac-
teroides, Prevotella, and Rumino-
coccus, respectively [12]. The third 
enterotype is also linked to the pres-
ence of M. smithii. This description 
of community types is not limited to 
the gut [13]. These enterotypes or 
community types emerged as being 
independent of sex and country of 
origin but probably associated with 

Fig. 11.1. The gut microbiota. The gut microbiota

Barrier against  
pathogens 

Human  
physiology 

 
 

 
 

Nutrition  

• An average of 650 000 genes per 
microbiome

• About 25–30 times as many genes as the 
human genome 

• About 500–1000 dominant species per 
individual

• A true organ

Immune
defences

Intestinal
microbiota



Chapter 11. The gut microbiota and obesity 91

C
H

A
PT

ER
 1

1

long-term dietary habits [14]. Wu et 
al. [14] were able to associate con-
sumption of protein and animal fat 
with the Bacteroides enterotype and 
consumption of carbohydrates with 
the Prevotella enterotype. Interest-
ingly, by analysing samples from 
volunteers randomized to a high-fat, 
low-fibre diet or a low-fat, high-fibre 
diet for 10 days, this study revealed 
rapid changes in microbiome com-
position; however, the enterotype 
of an individual did not seem to be 
affected by this relatively short-term 
dietary intervention. Transit time of 
food through the gut has also been 
correlated with enterotypes [15].

Dysbiosis

The human gut microbiota is very 
complex and diversified. The micro-
biome of an individual has more than 
25 times as many genes as there are 
in the human genome. The fitness of 
this well-balanced symbiosis seems 

to be essential for the maintenance of 
a healthy state, and several reports 
have shown that a state of dysbiosis 
is often associated with diseases, in-
cluding inflammatory bowel disease, 
allergies, colorectal cancer, and liver 
diseases, as well as obesity, diabe-
tes, and cardiovascular diseases [2]. 
Dysbiosis may be defined as an im-
balanced microbiota, including four 
types of imbalance: (i) loss of key-
stone species, (ii) reduced richness 
or diversity, (iii) increased pathogens 
or pathobionts, or (iv) modification 
or shift in metabolic capacities [9] 
(Fig. 11.2).

The link with obesity

The first link between gut microbio-
ta and obesity came from studies in 
germ-free rodents. These animals 
eat more, move less, develop less 
fat content, and are resistant to di-
et-induced obesity. Conventionaliza-
tion of germ-free mice resulted in a 

60% increase in body fat mass, ac-
companied by increased leptin and 
insulin levels and linked to increased 
absorption of monosaccharides from 
the gut lumen, with resulting induc-
tion of hepatic de novo lipogenesis 
[16]. A comparison of the microbiota 
of lean and obese mice revealed that 
in obese mice (ob/ob animals), the 
relative abundance of Bacteroidetes 
was lower and that of Firmicutes was 
higher [17]. Moreover, transplanting 
microbiota from obese animal to 
germ-free mice resulted in a greater 
increase in total body fat compared 
with transplanting microbiota from 
lean animals, highlighting the con-
tributory role of microbiota to obesity 
[18]. In a study comparing the mi-
crobiota from a dozen obese people 
with that of a few lean controls, the 
authors reported that the decreased 
proportion of Bacteroidetes and the 
increased proportion of Firmicutes 
observed in obese mice were also 
observed in obese people [19]. They 

Fig. 11.2. Intestinal microbiota dysbiosis in obesity and physiological perturbation. AngPTL4, angiopoietin-like 4; 
BA, bile acids; FA, fatty acids; GLP-1, glucagon-like peptide 1; LPL, lipoprotein lipase; LPS, lipopolysaccharide; 
PYY, peptide YY; SCFA, short-chain fatty acids; TG, triglycerides; TMA, trimethylamine; TMAO, trimethylamine 
N-oxide.
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also reported that obese people los-
ing weight on a low-calorie diet had a 
more balanced microbiota, with an in-
creased proportion of Bacteroidetes 
and a decreased proportion of Firmi-
cutes, more similar to the microbiota 
of lean controls.

After this pioneering work, other 
researchers developed approaches 
to better understand the mechanisms 
by which the microbiota can contrib-
ute to metabolic syndrome and obesi-
ty [20]. Large cohorts of patients were 
studied.

The MetaHIT consortium investi-
gated the composition of the human 
gut microbiota in a population sample 
of 123 non-obese and 169 obese in-
dividuals from a Danish cohort study 
called Inter99 [21]. A quantitative 
metagenomic pipeline was applied, 
and the study found two groups of 
individuals that differed by the num-
ber of genes in their metagenome, 
and thus the gut bacterial richness. 
About a quarter of the population 
had low bacterial richness. Individu-
als with a low gene count had higher 
adiposity, reduced insulin sensitivi-
ty, higher dyslipidaemia, and higher 
inflammatory status compared with 
those with a high gene count. The 
obese individuals in the group with a 
low gene count gained more weight 
during the 10 years of follow-up  
before stool sampling [21].

Similar observations were made 
in a cohort of obese individuals in 
France who were recruited to follow a 
hyper-low-calorie diet with increased 
intake of protein and fibre [22]. Al-
though the microbial gene richness of 
the participants increased by 25% af-
ter the 6-week diet, the obese individ-
uals with low bacterial richness bene-
fited the least from the diet, whereas 
those with higher bacterial richness at 
the start of the diet lost more weight 
and had a larger improvement in met-
abolic status.

Interestingly, only a few bacterial 
species are sufficient to distinguish 
between individuals with a low gene 

count and those with high bacterial 
richness [21]. Among the species that 
are more prevalent in individuals with 
high bacterial richness, the analysis 
highlighted two species: Faecalibac-
terium prausnitzii, a bacterium that 
was previously described as lacking 
in patients with inflammatory bowel 
disease and that has anti-inflamma-
tory properties [23], and Akkermansia 
muciniphila, a bacterium that was 
found to be associated with body fat 
mass and glucose intolerance in mice 
and that was further confirmed to be 
linked with a healthier metabolic phe-
notype and better clinical outcomes 
after a hyper-low-calorie diet in over-
weight or obese adults [24]. Among 
the species that are more prevalent in 
individuals with low bacterial richness 
are Bacteroides strains and Rumino-
coccus gnavus, which are considered 
to be pro-inflammatory and are often 
found in patients with inflammatory 
bowel disease.

Such a phylogenetic shift has also 
been confirmed at the functional lev-
el. Low bacterial richness is associ-
ated with a reduction in butyrate-pro-
ducing bacteria, reduced production 
of hydrogen and methane, increased 
sulfate reduction and mucin degrada-
tion, increased endotoxaemia, and a 
higher capacity to manage exposure 
to oxygen/oxidative stress [21].

Dietary habits seem to be associ-
ated with microbiota richness [25]. A 
dietary pattern with high consumption 
of potatoes, confectionery, and sug-
ary drinks and low intake of fruits and 
yogurt was correlated with low mi-
crobiota richness, whereas a dietary 
pattern with low consumption of con-
fectionery and sugary drinks and high 
intake of fruits, vegetables, soups, 
and yogurt was correlated with higher 
microbiota richness.

Mechanisms

The proposed mechanisms by which 
gut microbiota dysbiosis and loss of 
richness can promote obesity and 

insulin resistance are diverse. They 
are often derived from mouse mod-
els and still require complete valida-
tion in humans. Dysbiosis is linked 
to increased energy harvest from 
food, altered fermentation of fibres, 
and increased endotoxaemia. These 
changes in microbiota functions 
have an impact on different tissues, 
including the intestine, muscles, adi-
pose tissues, the liver, and the brain 
[26].

In the intestine, the changes re-
sult in increased permeability of the 
epithelium, allowing translocation of 
bacteria as well as bacterial prod-
ucts, such as lipopolysaccharides. 
Moreover, secretion by enteroen-
docrine cells of hormones, including 
peptide YY (PYY), glucagon-like pep-
tide 1 (GLP-1), and neurotensin, is  
impaired, with effects on the brain, 
resulting in reduced satiety, as well 
as on the liver and on gut motility. 
The short-chain fatty acids ace-
tate and propionate are taken up 
by hepatocytes and serve as sub-
strates for lipogenesis and gluco-
neogenesis. Thus, increased tri-
glyceride production by the liver, 
associated with reduced expression 
of angiopoietin-like 4 (AngPTL4), an 
inhibitor of lipoprotein lipase, by the 
small intestine, leads to increased 
triglyceride incorporation in adipose 
tissues [26]. Increased inflammation 
is also observed in different tissues, 
including gut, liver, and adipose tis-
sues. A reduction of fatty acid oxi-
dation by muscles is also observed.

Finally, the metabolism of bile 
acids and choline is affected. Pertur-
bation of choline metabolism results 
in increased production by intestinal 
microbes of trimethylamine, which 
is further metabolized by hepato-
cytes to trimethylamine N-oxide, a 
compound that is associated with 
liver and cardiovascular diseases 
[27]. Primary bile acids are trans-
formed by the intestinal microbiota 
to secondary bile acids, which are 
potent signalling molecules through 
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the activation of FXR, a nuclear re-
ceptor, and TGR5, a G protein-cou-
pled receptor; these receptors are 
expressed in intestinal enteroendo-
crine cells, resulting in the modifica-
tion of glucose homeostasis [26].

Conclusions

Dysbiosis in intestinal microbiota 
has been associated with obesity. 
A loss of bacterial gene richness 

is linked to more severe metabol-
ic syndrome and lower sensitivity 
to weight loss after caloric restric-
tion. The role of the gut microbiota 
in the development and chronicity 
of obesity still needs to be clarified, 
and the mechanisms of action in 
humans remain to be deciphered. 
Strategies to transiently modulate 
the human intestinal microbiota and 
to potentially increase its richness 
need to be explored [22, 25]. Spe-

cific nutrition, prebiotics, and probi-
otics may be efficient avenues for 
the prevention of obesity. The recent 
success of a diet rich in non-digest-
ible carbohydrates in children with  
Prader–Willi syndrome, resulting in 
weight loss and reduction of inflam-
mation as well as structural changes  
of the intestinal microbiota, highlights  
the feasibility of dietary modulation 
of the gut microbiome to manage 
metabolic diseases [28].

•  The human microbiota is a dense and diverse microbiome.

• It includes 100 trillion microorganisms, as many as the number of cells in the human body.

•  Each individual harbours hundreds of different species, most of which (70–80% of the dominant species) 
have not yet been cultured.

• A few dozen species are conserved between individuals (a core), representing a stable community.

• The gut microbiota is a true organ, protecting health and well-being throughout all life stages.

•  The colonic microbiota is a key organ, interacting with food (fermentation), interacting with cells (the immune 
and nervous systems), and protecting against pathogens (barrier function).

• Dysbiosis has been observed in several chronic diseases.

•  Dysbiosis is observed in obesity, and a loss of microbiota richness and diversity is associated with 
inflammatory status.

Key points

•  Standardization of analysis tools and processes is required.

• Longitudinal studies are needed.

• The impact of medication/drugs should be considered.

• Mechanisms of action remain to be deciphered.

•  Holistic studies should be designed, associating excellent phenotyping of patients and deep characterization 
using metabolomics, immunomics, transcriptomics, and metagenomics.

• An ecological understanding of the intestinal ecosystem is needed.

Research needs
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dometrial cancers [5]. An estimated 
13% of incident cancer cases world-
wide, and approximately 20% of in-
cident cases in Europe and North 
America, are attributable to obesity 
[6]. More than 40 000 new cancer 
diagnoses in the USA each year are 
attributed to obesity. In addition to 
having a higher risk of developing 
cancer, obese individuals are more 
likely to have reduced response to 
anticancer therapies [7], and obesi-
ty is implicated in about 20% of all 
cancer-related mortalities [8]. This 
includes prostate cancer, for which 
obesity is associated with progres-
sion but not incidence [9].

This chapter characterizes the 
many ways in which obesity can 
influence normal epithelial tissue 
homeostasis, cancer development, 
and/or cancer progression, includ-
ing metabolic perturbations involv-
ing hormonal, growth factor, and 
inflammatory alterations as well as 

During the past 50 years in the 
USA, the prevalence of obesity, de-
fined as having a body mass index 
(BMI) of 30 kg/m2 or greater, has tri-
pled. Today, nearly 40% of adults and 
20% of children in the USA are obese 
[1]. Worldwide, more than 600 mil-
lion adults are obese and 2.1 billion 
are overweight [2]. Obesity increas-
es the risk of several chronic diseas-
es and comorbidities [3], including 
type 2 diabetes, cardiovascular dis-
ease, hypertension, chronic inflam-
mation, and, as discussed in this 
chapter, cancer.

In the USA, obesity has recent-
ly surpassed tobacco use as the 
leading preventable cause of can-
cer-related death [4]. As illustrated 
in Fig. 12.1, obese individuals are at 
a higher risk of developing several 
different cancer types, including 
breast (in postmenopausal women), 
ovarian, liver, kidney, colon, pancre-
atic, gastric, oesophageal, and en-

interactions with the stroma and 
vasculature.

Obesity affects each hallmark 
of cancer

Hanahan and Weinberg identified the 
essential biological capabilities ac-
quired by all cancer cells during the 
multistep development of a tumour 
in their classic article “The hallmarks 
of cancer”, published in 2000 [10], 
and updated these in their 2011 ar-
ticle “Hallmarks of cancer: the next 
generation” [11]. These essential 
aberrations of cancer cells, summa-
rized in Fig. 12.2, include sustaining 
proliferative signalling, increased 
chronic inflammation, evading growth 
suppressors, resisting cell death, ge-
nome instability, enabling replicative 
immortality, inducing angiogenesis, 
and activating processes related to 
invasion and metastasis. Conceptu-
al progress in the decade between 
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these two articles led to the iden-
tification of additional hallmarks, 
including reprogramming of ener-
gy metabolism, evading immune 
destruction, and the creation of the 
tumour microenvironment through 
the recruitment of various non-can-
cerous cells. Emerging evidence 
supports the concept that metabolic 
reprogramming, inflammation, and 
genome instability (including epige-
netic changes) underlie many of the 
other hallmarks and foster multiple 
hallmark functions.

In the case of cancer-associated 
metabolic reprogramming, cancer 
cells preferentially metabolize glu-
cose through glycolysis rather than 
oxidative phosphorylation, even 
in the presence of oxygen [11–13]. 
Thus, citric acid cycle intermedi-
ates are not used for adenosine 
triphosphate (ATP) production and 
are shuttled out of the mitochondria, 
providing precursors for nucleotide, 
amino acid, and lipid synthesis path-
ways for the dividing cell [13]. In this 
way, cancer cells readily take up 
and metabolize glucose to provide 
substrate for production of daughter 
cells, and levels of glucose uptake 
transporters (GLUT) and glycolytic 
enzymes (e.g. hexokinase II) are el-
evated in most cancers [14].

Metabolic syndrome 
and systemic metabolic 
perturbations

The interactions between cellular 
energetics in cancer cells and the 
systemic metabolic changes asso-
ciated with obesity are emerging 
as critical drivers of obesity-related 
cancer. Intrinsically linked with obe-
sity is metabolic syndrome, which is 
characterized by insulin resistance, 
hyperglycaemia, hypertension, and 
dyslipidaemia and is associated with 
alterations in several cancer-related 
host factors. In both obesity and  
metabolic syndrome, alterations oc-
cur in circulating levels of insulin and 

Fig. 12.1. Obesity-related cancers. Based on recent systematic reviews and 
meta-analyses (www.aicr.org/continuous-update-project/), obesity is as-
sociated with an increased risk of developing and dying from the following  
cancers: breast (in postmenopausal women), ovarian, endometrial, liver, pan-
creatic, kidney, colon, oesophageal (adenocarcinoma subtype), and gallblad-
der. In addition, obesity is associated with progression (but not incidence) of 
prostate cancer. Reprinted with permission from Hursting SD, O’Flanagan 
CH, Bowers LW (2015). Breaking the cancer-obesity link. The Scientist. 1 
November 2015. Available from: http://www.the-scientist.com/?articles.view/
articleNo/44280/title/Breaking-the-Cancer-Obesity-Link/.

Fig. 12.2. Obesity affects each of the well-established hallmarks of cancer, 
including reprogrammed energy metabolism, sustained proliferative signal-
ling, increased chronic inflammation, increased genome instability, enabled 
replicative immortality, enhanced angiogenesis, activated processes related 
to invasion and metastasis, and resistance to growth suppressors, cell death 
inducers, and immunoregulators. Reprinted from Hanahan and Weinberg 
(2011) [11], copyright 2011, with permission from Elsevier.
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insulin-like growth factor-1 (IGF-1); 
adipokines, such as leptin, adiponec-
tin, resistin, and monocyte chemo-
tactic factors; inflammatory factors, 
such as interleukin-6 (IL-6), IL-10, 
and IL-17; interferon-γ and tumour 
necrosis factor-α (TNF-α); several 
chemokines; lipid mediators, such 
as prostaglandin E2 (PGE2); and 
vascular-associated factors, such 
as vascular endothelial growth fac-
tor (VEGF) and plasminogen activa-
tor inhibitor-1 (PAI-1) [15, 16]. Each 
of these factors has a putative role 
in the development and progression 
of cancer as well as several other 
chronic diseases [15, 16], including 
cardiovascular disease and type 2 
diabetes. These factors are explored 
in more detail below.

Insulin, IGF-1, and growth 
factor signalling

As shown in Fig. 12.3, insulin, a pep-
tide hormone produced by pancre-
atic β-cells, is released in response 
to elevated blood glucose. Hyper-
glycaemia is a hallmark of metabol-
ic syndrome and is associated with 
insulin resistance, aberrant glucose 
metabolism, chronic inflammation, 
and the production of other metabolic 
hormones, such as IGF-1 [17]. IGF-1 
is a peptide growth factor produced 
primarily by the liver after stimulation 
by growth hormone. IGF-1 regulates 
the growth and development of many 
tissues, particularly during embryon-
ic development [18]. IGF-1 in circula-
tion is typically bound to IGF-binding 
proteins (IGFBPs), which regulate the 
amount of free IGF-1 bioavailable to 
bind to the IGF-1 receptor (IGF-1R) 
to induce growth or survival signal-
ling [19]. In metabolic syndrome, the 
amount of bioavailable IGF-1 is in-
creased via hyperglycaemia-induced 
suppression of IGFBP synthesis and/
or hyperinsulinaemia-induced pro-
motion of hepatic growth hormone 
receptor expression and IGF-1 syn-
thesis [17]. Elevated circulating IGF-1 

is an established risk factor for many 
cancer types [19].

Downstream of both the insulin 
receptor and IGF-1R is the phos-
phatidylinositol-3 kinase (PI3K)/Akt 
pathway (Fig. 12.3), one of the most 
commonly altered pathways in epi-
thelial cancers [20]. This pathway 
integrates intracellular and extracel-
lular signals, such as growth factor 
concentrations and nutrient avail-
ability, to regulate cell survival and 

proliferation, protein translation, and 
metabolism. Activation of receptor 
tyrosine kinases, such as the insulin 
receptor or IGF-1R, stimulates PI3K 
to produce lipid messengers that 
facilitate activation of the Akt cas-
cade [20]. Akt regulates the mam-
malian target of rapamycin (mTOR) 
[21], which controls cell growth, 
proliferation, and survival through 
downstream mediators. mTOR ac-
tivation is inhibited by increased 

Fig. 12.3. Obesity causes many metabolic disturbances (often characterized 
as metabolic syndrome), including insulin resistance, hyperinsulinaemia, and 
elevated bioavailable insulin-like growth factor-1 (IGF-1), which can activate 
receptor tyrosine kinase signalling through the phosphatidylinositol-3 
kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) pathway. An 
increase in steady-state signalling through this pathway can drive increases 
in cellular proliferation and protein translation, and reinforce cancer-
associated metabolic reprogramming. Obesity is also associated with 
adipose remodelling, including the formation of crown-like structures and 
pro-inflammatory changes in the adipose secretome, including increased 
leptin and cytokines and decreased adiponectin. This typically results 
in increased inflammatory signalling through the nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-κB) pathway and increased 
cyclooxygenase-2 (COX-2) activity. In addition, obesity often increases 
circulating levels of plasminogen activator inhibitor-1 (PAI-1) and vascular 
endothelial growth factor (VEGF), which can result in increased angiogenesis 
and decreased vascular integrity regulators, such as tissue plasminogen 
activator (tPA) and urokinase-type plasminogen activator (uPA).
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adenosine monophosphate (AMP)- 
activated protein kinase (AMPK) 
under low-nutrient conditions [22]. 
Increased activation of mTOR is 
common in tumours and many nor-
mal tissues from obese and/or dia-
betic mice [23], and specific mTOR 
inhibitors block the tumour-enhanc-
ing effects of obesity in mouse 
models [24–26]. Furthermore, both 
rapamycin (an mTOR inhibitor) and 
metformin (an AMPK activator) have 
been shown to block tumour for-
mation in multiple animal models 
[27–31]. Interestingly, in some mod-
el systems rapamycin has also been 
shown to block inflammation associ-
ated with tumour formation [32].

Chronic inflammation: the 
role of adipose tissue

White adipose tissue (WAT) consists 
mainly of adipocytes, which serve to 
store neutralized triacylglycerides 
for use during periods of energy defi-
cit. This is in contrast to brown ad-
ipose tissue, which generates body 
heat, particularly in neonate infants 
[33]. The secretome of white versus 
brown adipocytes differs markedly 
(Fig. 12.4). WAT is characterized by 

secretion of leptin, resistin, PAI-1, in-
flammatory cytokines, and free fatty 
acids, whereas brown adipose tis-
sue is characterized by secretion of 
bone morphogenetic proteins, lactate 
(which induces uncoupling proteins), 
retinaldehyde, triiodothyronine (T3), 
and other factors associated with 
response to cold stress and/or in-
creased energy expenditure [33]. 
Moreover, brown adipocytes produce 
adiponectin (but not leptin) and fibro-
blast growth factor-21, which can be 
anti-inflammatory and insulin-sensitiz-
ing [33]. Also contained in WAT are 
several types of stromal cells, includ-
ing pre-adipocytes, vascular cells,  
fibroblasts, and a host of immune 
cells, such as adipose tissue mac-
rophages [34].

The increase in adipose tissue 
mass associated with obesity drives 
chronic inflammation in at least three 
ways, depicted in Figs. 12.3 and 12.4 
and summarized below.

Altered adipose secretome

Leptin

Levels of leptin, a peptide hormone 
produced by adipocytes, are posi-

tively correlated with adipose stor-
age and nutritional status, and leptin 
functions as an energy sensor. Lep-
tin release from adipocytes signals 
to the brain to reduce appetite. In 
an obese state, WAT overproduces 
leptin and the brain becomes de-
sensitized to the signal [35]. Lep-
tin release is stimulated by several 
hormones and signalling factors, 
including insulin, glucocorticoids, 
TNF-α, and estrogen [36]. Leptin 
interacts directly with peripheral tis-
sues, interacts indirectly with hypo-
thalamic pathways, and modulates 
immune function, cytokine produc-
tion, angiogenesis, carcinogenesis, 
and many other biological process-
es [36].

The leptin receptor is structural-
ly and functionally similar to class I 
cytokine receptors, including in their 
ability to signal through the signal 
transducer and activator of tran-
scription (STAT) family of transcrip-
tion factors. STATs induce transcrip-
tion programmes for several cellular 
processes, including cell growth, 
proliferation, survival, migration, 
and differentiation, and the activity 
of STATs is commonly deregulated 
in cancer [37].

Fig. 12.4. The secretomes of white versus brown adipocytes. (a) White adipocytes, when they accumulate 
triglyceride, produce more cancer-associated factors, such as leptin, resistin, insulin-like growth factor-1 (IGF-1), 
free fatty acids, tumour necrosis factor-α (TNF-α), and interleukin-6 (IL-6). They also decrease their production of 
adiponectin. (b) The secretome of brown adipocytes includes several factors involved in thermogenesis, decreased 
inflammation, normalized insulin sensitivity, and/or increased energy expenditure, such as adiponectin, bone 
morphogenetic proteins (BMPs), neuregulin-4, lactate, triiodothyronine (T3), retinaldehyde, and fibroblast growth 
factor-21 (FGF-21).
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Adiponectin

Adiponectin is the most abundant 
hormone secreted from WAT. In 
contrast with leptin, levels of adi-
ponectin are negatively correlated 
with adiposity. Adiponectin functions 
to counter the metabolic alterations 
associated with obesity and hyper-
leptinaemia by modulating glucose 
metabolism, increasing fatty acid 
oxidation and insulin sensitivity [38], 
and reducing IGF-1/mTOR signalling 
through AMPK activation. Adiponec-
tin can also reduce pro-inflammato-
ry cytokine expression and induce 
anti-inflammatory cytokine expres-
sion via inhibition of the nuclear fac-
tor kappa-light-chain-enhancer of 
activated B cells (NF-κB) [39]. Due 
to the anti-tumorigenic function of 
adiponectin, drugs mimicking its ac-
tion are now coming to the fore as 
anticancer drugs and may pave the 
way in helping to treat obesity-re-
lated cancers [40]. Although leptin 
levels correlate with poor cancer 
prognosis and adiponectin levels 
correlate with favourable prognosis, 
it is the ratio of these two adipokines 
that may be important in cancer, 
rather than their absolute concen-
trations [41].

Sex hormones

Sex hormones have long been as-
sociated with obesity [42]. BMI is 
positively correlated with levels of 
estrone, estradiol, and free estradiol 
in postmenopausal women who are 
not taking hormone replacement ther-
apy [43]. Increased estrogen levels 
are also observed in obese men [42, 
44], whereas testosterone levels are 
significantly decreased [45]. Changes 
in sex hormones can have profound 
effects on the body, including men-
strual disturbances, hirsutism, hyper-
tension, erectile dysfunction, gynae-
comastia, and increased adiposity 
[42]. Moreover, high estrogen levels 
are associated with a significantly 

increased risk of postmenopausal 
breast cancer [42, 43, 46], ovarian 
cancer [47], and endometrial cancer 
[48].

In premenopausal women, es-
trogen is synthesized mainly in 
the ovaries, whereas in postmeno-
pausal women, endogenous es-
trogen is produced at peripheral 
sites. In obese postmenopausal 
women, adipose tissue is the main 
source of estrogen biosynthesis 
[43]. Circulating estrogens bind to 
either of the cytoplasmic estrogen 
receptors, ERα and ERβ, resulting 
in receptor dimerization and re-
cruitment to the nucleus. ERα and 
ERβ can bind directly to DNA or 
to other transcription factors to in-
duce expression of genes involved 
in a variety of cellular processes, 
including growth, proliferation, and 
differentiation [49]. The two recep-
tors have opposite roles in cancer: 
ERα is mitogenic and ERβ is tu-
mour-suppressive [50]. Obese post-
menopausal cohorts are more con-
sistently associated with increased 
risk of hormone receptor-positive 
than hormone receptor-negative 
breast cancers [51]. The increase in 
circulating estrogens and a greater 
risk of ER-positive breast cancer 
in obese women has led to several 
trials investigating the effectiveness 
of adjuvant therapy with aromatase 
inhibitors and ER antagonists (e.g. 
tamoxifen) in obese breast cancer 
patients [52]. Obesity may also 
play a role in development of male 
breast cancer, because aromatase 
in adipocytes converts androgens to 
estrogens. More than 90% of male 
breast cancer is ER-positive, and ta-
moxifen forms part of the standard 
of care [53].

Crown-like structures

Obesity further drives subclinical in-
flammation in visceral and subcuta-
neous WAT, characterized by rings 
of activated macrophages surround-

ing engorged or necrotic adipocytes 
and referred to as crown-like struc-
tures. This adipocyte–macrophage 
interaction results in a pro-inflam-
matory secretome from both cell 
types that activates the cellular 
transcription factor NF-κB, leading 
to increased levels of cytokines and 
other inflammatory factors, and trig-
gers inflammation [54].

Adipose remodelling and lipid 
infiltration in other tissues

Stored triacylglycerides undergo li-
polysis within the cytoplasm of ad-
ipocytes and are released into the 
bloodstream as free fatty acids dur-
ing times of low substrate availability 
or heightened energy requirements 
[55]. Once in the circulation, free 
fatty acids can be used for β-oxida-
tion by peripheral tissues to provide 
intermediates for both the citric acid 
cycle and oxidative phosphorylation 
to generate energy. In a diseased 
state such as metabolic syndrome 
or type 2 diabetes, WAT does not 
respond appropriately to changes 
in energy requirements, resulting in 
altered metabolic signalling charac-
terized by elevated adipokine and 
cytokine production [56]. As stat-
ed above, cancer cells undergo a 
massive metabolic reprogramming 
to adapt to changing energy needs 
associated with the generation of 
daughter cells [11,  13]. In particular, 
there is a high demand for fatty ac-
ids for the formation of lipid bilayers 
in dividing cells. Excess WAT there-
fore promotes tumour cell prolifera-
tion through the provision of circulat-
ing fatty acids [57].

When lipid storage capacity in 
adipose tissue is exceeded, sur-
plus lipids often accumulate within 
muscle, liver, and pancreatic tissue 
[58]. As a consequence, muscle dys-
function and hepatic and pancreat-
ic steatosis can develop; each has 
been positively associated with in-
sulin resistance and ultimately leads 
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to impairment of lipid processing and 
clearance within these tissues [58]. 
As a result of lipotoxic and inflamma-
tion-mediated adipocyte dysfunction, 
the liver and pancreas are unable to 
cope with the overflow of lipids and 
lipotoxic effects of free fatty acids 
[59]. Consequently, lipid intermedi-
ates impair the function of cellular 
organelles and cause further release 
of cytokines, which foster insulin re-
sistance by activating intracellular ki-
nases, thus impairing the cell’s ability 
to respond to insulin.

Obesity is the most common 
cause of non-alcoholic fatty liver 
disease (NAFLD), a spectrum of 
diseases including variable degrees 
of simple steatosis, non-alcoholic 
steatohepatitis (NASH), and cirrho-
sis [60]. Simple steatosis is benign, 
whereas NASH is characterized by 
hepatocyte injury, inflammation, 
and/or fibrosis, which can lead to 
cirrhosis, liver failure, and hepato-
cellular carcinoma [61]. NAFLD is 
diagnosed when liver fat content is 
greater than 5–10% by weight in the 
absence of alcohol use or other liver 
disease [62]. About 80% of cases of 
cryptogenic cirrhosis present with 
NASH, and 0.5% of these patients 
will progress to hepatocellular carci-
noma, a percentage that increases 
significantly with hepatitis C-associ-
ated cirrhosis [63].

NAFLD is one of the most com-
mon chronic diseases [64, 65], and 
the incidence in both adults and chil-
dren is rising rapidly [65, 66]. Further-
more, the prevalence of fatty liver 
disease has increased concomitantly 
with the increase in childhood obesity 
during the past 30 years [66]. NAFLD 
is a multifactorial disorder linked to 
components of metabolic syndrome, 
including hypertriglyceridaemia, obe-
sity, and insulin resistance [62]. Ul-
timately, hepatic steatosis leads to 
impairment of lipid processing and 
clearance in the liver. Lipotoxic and 
inflammation-mediated mechanisms 
have been suggested to be respon-

sible for adipocyte dysfunction and 
remodelling of peripheral lipid stor-
age capacities, resulting in release of 
free fatty acids and increased hepatic 
lipid burden [67]. In NAFLD, the liver 
is overwhelmed with excess lipids. 
The lipotoxic effects of free fatty 
acids and lipid intermediates impair 
the function of liver cell organelles 
by mechanisms that involve produc-
tion of reactive oxygen species, en-
doplasmic reticular stress, activation 
of pro-inflammatory programmes, 
and eventually death of hepatic cells 
[68]. The accumulation of toxic lipids 
and the release of pro-inflammatory 
cytokines cause insulin resistance by 
activating JNK, PKC, and other kinas-
es, thereby impairing insulin signal-
ling [69]. Disturbed insulin signalling 
contributes to diminished fatty acid 
oxidation and assembly and secre-
tion of very-low-density lipoprotein 
(VLDL) through inadequate regula-
tion of peroxisome proliferator-acti-
vated receptor (PPARα and PPARγ) 
[70]. Activation of cellular defence 
programmes, specifically activation 
of NF-κB, is an important determinant 
for disease progression from steato-
sis to NASH [71]. Although those at 
risk of hepatocellular carcinoma cur-
rently make up a small proportion of 
the population, as the prevalence of 
obesity and type 2 diabetes contin-
ues to rise, this will become a more 
significant public health concern.

Pancreatic adipocyte infiltration 
and fat accumulation appears to be 
an early event in obesity-associated 
pancreatic endocrine dysfunction 
and can trigger pancreatic steato-
sis, non-alcoholic fatty pancreatic 
disease (NAFPD), and pancreatitis 
[72, 73]. In addition, “fatty pancreas” 
has been positively associated with 
visceral WAT mass and systemic 
insulin resistance [72, 73]. Together, 
pancreatic steatosis and NAFPD 
contribute to the already complex 
metabolic and inflammatory pertur-
bations associated with obesity and 
metabolic syndrome.

Angiogenesis

As adipose tissue grows, so too 
does the need for new blood ves-
sels. Angiogenesis is the outgrowth 
of new blood vessels from existing 
blood vessels and is mediated by 
factors such as VEGF, which can 
be produced and secreted by both 
adipocytes and tumour cells. VEGF 
is angiogenic, is mitogenic, and has 
vascular permeability-enhancing ac-
tivities specific for endothelial cells 
[74]. Circulating levels of VEGF are 
increased in obese individuals, and 
expression of VEGF is associated 
with poor prognosis in several obe-
sity-related cancer types [75]. Se-
cretion of angiogenic factors induc-
es local blood vessel development 
through interactions with proximal 
endothelial cells; release of VEGF 
into the circulation can interact with 
peripheral tissues and may also fa-
cilitate angiogenesis at tumour sites. 
In addition to providing adequate 
oxygen and nutrients to cells with-
in the primary tumour mass, newly 
forming blood vessels presumably 
provide a route into the circulation 
for cells to metastasize to distal 
sites in the body. Excess VEGF may 
complicate treatment options for 
obese patients, because anti-VEGF 
therapies (e.g. bevacizumab) have 
reduced efficacy in obese colon 
cancer patients compared with non-
obese individuals [76].

Another angiogenic factor, PAI-1, 
is a serine protease inhibitor produced 
by endothelial cells, stromal cells, 
and adipocytes in visceral WAT [77]. 
Increased circulating PAI-1 levels, fre-
quently found in obese subjects, are 
associated with an increased risk 
of atherosclerosis and cardiovascu-
lar disease, diabetes, and several 
cancer types [77]. PAI-1, through its 
inhibition of plasminogen activators, 
regulates fibrinolysis and the integ-
rity of the extracellular matrix [78].  
Remodelling of the extracellular matrix 
is a key feature of invasive cancers 
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and is involved in the development 
of metastatic disease [79]. There-
fore, PAI-1 is a potential anti-angio-
genic target in some obese popula-
tions. However, caution should also 
be exercised when administering 
such treatments in obese patients, 
because the application of an an-
ti-angiogenic therapy will induce 
hypoxia in the primary tumour and 
may encourage cells to metasta-
size, which is already a concern in 
obese patients.

Emerging mechanism  
linking obesity and cancer: 
the microbiome

An emerging field of research is the 
influence of the microbiome, the 
community of commensal, symbiot-
ic, and pathogenic microorganisms 
that inhabit an individual, on obesi-
ty and related chronic diseases. In 
both humans and mice, two divi-
sions of bacteria, the Bacteroidetes 
and Firmicutes, represent more than 
90% of all phylogenetic types in the 
gut, although there are large differ-
ences between individuals at the 

species level [80]. The relative ratio 
of these two divisions is significantly 
altered with obesity, with a decrease 
in Bacteroidetes and a correspond-
ing increase in Firmicutes, resulting 
in a microbiome with an enhanced 
ability to harvest dietary energy. 
This increased metabolic potential is 
transmissible between subjects: col-
onization of a germ-free mouse with 
the microbiota of an obese (versus 
lean) mouse leads to a significantly 
greater gain of fat mass, indepen-
dent of energy intake [81].

Obesity is also associated with 
an overall reduction in gut bacte-
rial diversity [82], and decreased 
bacterial richness has been linked 
to elevated systemic inflammation, 
measured by plasma C-reactive 
protein and white blood cell counts 
[83]. Furthermore, weight loss does 
not significantly improve C-reactive 
protein levels in obese subjects with 
low microbiome richness [84], sug-
gesting that resistance to the inflam-
mation-reducing effects of weight 
loss may be mediated by differenc-
es in microbiome richness. Other 
studies have demonstrated that 

high-fat feeding is accompanied by 
impairments in gut barrier function, 
including decreased gene expres-
sion for tight junction proteins and 
higher plasma levels of lipopolysac-
charide, a component of the outer 
membrane of gram-negative bac-
teria [85]. Lipopolysaccharide has 
previously been shown to induce 
metabolic endotoxaemia, charac-
terized in part by elevated infiltration 
of macrophages into adipose tissue 
and expression of pro-inflammatory 
cytokines [86]. Increased system-
ic inflammation is also apparent in 
mice fed high-fat diets, and these 
diet-related effects can be com-
pletely prevented by treatment with 
a broad-spectrum antibiotic [85]. 
Therefore, gut microbial dysbiosis 
and impaired barrier function as-
sociated with obesity can induce 
chronic systemic and adipose tissue 
inflammation. Given the known role 
of this type of inflammation in the 
progression of many cancer types 
[87], it is highly probable that obesi-
ty-induced perturbations of the gut 
microbiota are a contributing factor 
in the obesity–cancer link.

•  Obesity is an established risk factor for many cancers.

•  Obese cancer patients, relative to non-obese patients, often have poorer prognosis, are resistant to 
chemotherapies, and are more prone to developing distant metastases.

•  Multiple mechanisms underlie the obesity–cancer link, and each hallmark of cancer is affected by obesity.

•  Perturbations in systemic metabolism and inflammation, and the effects of these perturbations on cancer-
prone cells, are a current research focus.

•  Obesity-induced changes in the microbiome, and their impact on pro-tumorigenic metabolic and inflammatory 
signals, are an emerging research area.
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deficiencies and child stunting, tend  
to coexist in vulnerable subgroups 
in developing countries, making this 
health challenge even more com-
plex [1, 4, 6–8].

Among the main causes of the 
alarming increase in the prevalence 
of obesity, researchers around the 
world have recognized important 
changes in food systems (including 
changes in supply, prices, distribu-
tion, energy density, and preparation 
of food) and a reduction in physical 
activity levels; these changes have 
not been adequately characterized 
and monitored [9–11]. The ecologi-
cal model of obesity has been used 
to develop a conceptual framework 
for understanding the complexity of 
obesity, by identifying immediate, 
subjacent, and basic causes. This 
framework is useful to identify op-
portunities for action (Fig. 13.1) [12].

Given the rapid rise in the prev-
alence of obesity in most countries, 
health systems have not been able 

Obesity as a major public 
health problem

Worldwide, currently an estimated 
2.1 billion people are overweight or 
obese, and 3.4 million adult deaths 
per year are attributable to over-
weight and obesity [1, 2]. Obesity 
is a major public health problem, 
and no countries in the world have 
achieved significant decreases in 
the prevalence of obesity during 
the past 33 years [1]. Obesity is the 
most important risk factor for non-
communicable diseases (NCDs), 
which dominate the global burden of 
disease [3]. Most of the obese indi-
viduals live in developing countries, 
where nearly 80% of the deaths 
due to NCDs occur [4]. Obesity and 
NCDs occur disproportionately in 
low-income populations, creating 
a vicious cycle and contributing to 
social and economic inequalities 
[5]. Obesity and other malnutrition 
problems, such as micronutrient 

to adjust to the new epidemiological 
transition; therefore, in some cases 
resources have not been invested 
optimally to combat this epidemic, 
generating important deficiencies 
in prevention, early diagnosis, inter-
disciplinary treatment, adherence to 
treatment, and control and preven-
tion of complications [13].

The purpose of this chapter is 
to review the main opportunities 
that have been identified in the lit-
erature for action to prevent and 
control the obesity epidemic from 
the public health perspective and to 
describe the steps needed to tackle 
the problem.

Main areas of opportunity to 
prevent and control obesity

Several reports from the World 
Health Organization (WHO) have 
recognized the importance of devel-
oping policies and actions to prevent 
NCDs. The reports have focused on 
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at-risk individuals and groups, in-
cluding early detection and screen-
ing systems, comprehensive health 
assessment, setting of appropriate 
targets, and monitoring of results [5, 
13, 14]. A major recommendation in 
the 2008–2013 WHO action plan is 

diet and physical activity through 
different preventive strategies, such 
as improving the knowledge and 
skills of the community, reducing 
the exposure of the population to 
obesogenic environments, and im-
proving management strategies for 

“to raise the priority accorded to non-
communicable diseases in develop-
ment work at global and national lev-
els, and to integrate prevention and 
control of such diseases into policies 
across all government departments” 
[13]. However, a basic condition and 

Fig. 13.1. Conceptual framework of obesity determinants based on the ecological model. Adapted with permission 
from Barquera et al. (2013) [12].
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a major challenge for action is the 
availability of evidence-based re-
search on the health effects and the 
cost–effectiveness of policy options 
[13, 15].

There are several policy options 
to prevent obesity that have been 
explored and for which enough ev-
idence has been generated to con-
clude that they are cost-effective. 
Among these are (i) school-based 
interventions, (ii) worksite interven-
tions, (iii) mass media campaigns, 
(iv) physician counselling, (v) phys-
ical activity interventions, (vi) fiscal 
measures, (vii) regulation of food 
advertising, and (viii) food label-
ling [16–44] (Table 13.1). Hawkes 
et al. have developed a framework 
to organize policy options, which 
comprises three domains: the food 
environment, the food system, and 
behaviour change communication. 
In addition, they have mapped in-
terventions around the world in this 

framework by domain, policy area, 
and policy options/actions [26].

Given the multifactorial nature of 
obesity, as in other complex public 
health problems, a combination of 
interventions is more likely to gen-
erate good results than focusing on 
only a single measure [33].

Monitoring and benchmarking 
of obesity prevention efforts

The international Bellagio Confer-
ence on Program and Policy Op-
tions for Preventing Obesity in the 
Low- and Middle-Income Countries 
was held in 2013. The Bellagio Con-
ference group identified the food and 
beverage industries (the Big Food 
and Big Beverage sectors) as a ma-
jor impediment to the implementation 
of obesity prevention policies, and 
showed evidence of strong actions 
taken by Big Food to oppose food 
policies that benefit public health. In 

addition, the group documented the 
limitations of governments to protect 
public policy from such vested inter-
ests. The Bellagio Conference group 
developed the Bellagio Declaration, 
which identifies specific actions for 
sectors of society to counter the un-
dermining influence of Big Food on 
healthy food policies [45, 46].

One of the most important rec-
ognized challenges to tackle obesity 
is adequate monitoring of the food 
environment and of policy efforts 
[13, 47]. This information is essen-
tial to analyse trends and to improve 
or adjust policies. Recently, the In-
ternational Network for Food and 
Obesity/noncommunicable diseas-
es Research, Monitoring and Action 
Support (INFORMAS) developed 
11 different protocols to assess 
diverse aspects of the food envi-
ronment. These protocols provide 
useful and sustainable low-cost  
tools to contribute to the information 

Table 13.1. Policy options to prevent obesity

Domain Type of intervention Actions/policy optionsa

Behaviour change communication School-based School-based interventions have been demonstrated to be successful in preventing and 
controlling obesity in various studies, including several in middle-income countries. School 
healthy eating guidelines that forbid soda and unhealthy foods are in place in most Latin 
American countries [18, 27].

Worksite Worksite interventions are promising alternatives to increase physical activity and decrease 
energy intake. Governments could generate incentives to promote this policy option [16, 21].

Mass media campaigns Various countries, such as Brazil, Colombia, Mexico, and the USA, have published national 
nutrition guidelines and have developed diverse media campaigns to prevent and control 
obesity [28–31].

Physician counselling Physician counselling is an effective means of controlling obesity in adults. It also has 
independent benefits, such as improving glucose control and blood pressure. Although it is 
one of the most expensive interventions, it is cost-effective [20, 32, 33].

Physical activity Programmes to increase physical activity have many benefits in addition to the contribution to 
preventing and controlling excess weight. For example, a recent study in countries including 
Colombia, Mexico, and the USA concluded that Ciclovía programmes (community-based mass 
programmes in which streets are temporarily closed to motorized transportation, allowing 
exclusive access to individuals for recreational activities and physical activity) are cost-
beneficial from the public health perspective [21, 34].

Food environment Fiscal measures In Mexico, a 10% excise tax on sugar-sweetened beverages and junk food was implemented 
in 2014. A recent evaluation has demonstrated that the policy decreased purchases of taxed 
beverages and increased purchases of untaxed beverages [25, 35, 36].

Regulation of food advertising Food marketing is recognized as an important driver of the consumption of unhealthy foods, in 
particular for children. Although it is not a direct driver of obesity, food marketing is associated 
with unhealthy diets [37–39].

Food labelling Food labelling is a powerful tool to help populations to easily make healthier choices. Various 
studies have modelled estimated potential improvements in diet with this type of intervention. 
However, these regulatory efforts face strong opposition from the food industry. In addition, the 
understanding of nutrition information from voluntary labelling of foods by manufacturers has 
proved to be poor among consumers in both developed and developing countries [40–44].

a Policy options are based on the NOURISHING framework of Hawkes et al. (2013) [26].   
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challenge and have the additional ad-
vantage of allowing cross-sectional 
multicountry comparisons, which 
could facilitate insights into national 
efforts in the absence of trends [48].

Cost–effectiveness of obesity 
interventions

Many approaches to policies have 
been tried, including communi-
ty-based interventions and policy 
interventions that target either chil-
dren only or the general population. 
The effectiveness and reach of 
these interventions vary widely, as 
do the costs of implementing them. 
Only a few attempts have been 
made to compare the cost–effec-
tiveness of these interventions.

Gortmaker et al. [49] estimated 
the cost–effectiveness of seven in-
terventions that are generally consid-
ered to be the most promising. They 
modelled the reach, costs, and re-
turns for the population of the USA in 
2015–2025. The seven interventions 
were: (i) an excise tax on sugar-sweet-
ened beverages, (ii) restaurant menu 
calorie labelling, (iii) elimination of the 
tax subsidy for advertising unhealthy 
food to children, (iv) nutrition stan-
dards for school meals, (v) nutrition 
standards for all other food and bev-
erages sold in schools, (vi) improved 
early care and education policies and 
practices, and (vii) increased access 
to adolescent bariatric surgery. The 
authors found that most of these in-
terventions not only could prevent 
many cases of childhood obesity 
but also would potentially cost less 
to implement than they would save 
for society. For example, the estimat-
ed health-care cost saved per dollar 
spent was US$ 30.78 for the excise 
tax on sugar-sweetened beverages 
and US$ 32.53 for the elimination of 
the tax subsidy for advertising un-
healthy food to children [49].

The McKinsey Global Institute 
performed an economic analysis 
of 44 interventions [50]. Its report 

concluded that although no single 
solution creates sufficient impact to 
reverse obesity, almost all of the in-
terventions are highly cost-effective 
from the viewpoint of society. This 
means that the health-care costs 
and productivity savings that accrue 
from reducing obesity outweigh the 
direct investment required to deliver 
the intervention [50].

Integrating prevention and 
management of obesity

Although considerable benefit is to 
be expected from preventive actions 
(top–down corporate and govern-
ment interventions and bottom–up 
community-based interventions), it 
is unavoidable that a considerable 
proportion of the population will be-
come or remain overweight or obese. 
An integrated approach is necessary 
using the principles of NCD manage-
ment. For example, these principles 
have been translated into an integrat-
ed health-care standard [51].

The integrated health-care stan-
dard for obesity involves strategies for 
diagnosis and early detection of high-
risk individuals as well as appropriate 
combined lifestyle interventions for 
those who are overweight and obese 
and, when appropriate, additional 
medical therapies. This standard 
transcends traditional boundaries 
of conventional health-care sys-
tems and health-care professions; 
instead, it focuses on competences 
of groups of health professionals who 
organize care from a patient-oriented 
perspective. This approach also im-
plements the elements of matched 
and stepped care (increasing levels 
of care are matched to the individu-
al’s needs based on weight-related 
health risk, so that interventions are 
not more intensive than needed but 
not less intensive than needed). In-
tegrating and implementing such 
integrated care will require many 
steps, including training of health-
care professionals [52].

Example of a successful 
obesity-related policy in  
Latin America

As an example of a successful obe-
sity-related policy in Latin America, 
the case of a tax on sugar-sweetened 
beverages in Mexico is discussed.

During the past decades, var-
ious studies suggested that the 
consumption of sugar-sweetened 
beverages was associated with the 
alarming epidemic of obesity and 
diabetes in Mexico and that there 
was a pressing need to reduce con-
sumption of these products as part 
of the policies to prevent and control 
nutrition-related NCDs [53–58]. At 
the same time, important interven-
tion studies and meta-analyses con-
ducted around the world confirmed 
the unhealthy effects of consump-
tion of sugar-sweetened beverages 
[59–66].

In 2010, the Ministry of Health of 
Mexico, with support from the Na-
tional Institute of Public Health, de-
veloped the National Agreement for 
Nutritional Health – Strategy to Con-
trol Overweight and Obesity [67] 
and launched several efforts to re-
duce consumption of sugar-sweet-
ened beverages and junk food. The 
recommendations included healthy 
hydration, taxation, restrictions on 
the marketing of unhealthy prod-
ucts, labelling, and strategies to 
improve nutrition in the work and 
school environments, among oth-
ers. This document faced strong op-
position from the beverage and food 
industry [68].

In 2012, the National Academy 
of Medicine of Mexico published 
a position book on policies to pre-
vent and control obesity, endorsing 
the previously recommended policy 
actions, including taxation of sug-
ar-sweetened beverages [69]. Dur-
ing 2013, in the context of a world 
economic recession and a fall in  
oil prices, the government approved 
an initiative for an excise tax on  
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•  Obesity is mostly a societal problem, resulting from behaviours that are driven largely by upstream 
environmental factors.

•  There are several cost-effective policy options to prevent obesity, including taxation, regulation of marketing 
of unhealthy foods/beverages, and adequate front-of-package labelling systems.

•  Monitoring and benchmarking of the food system and of obesity prevention and control policies are essential 
to compare national efforts across countries, analyse trends, and achieve better results.

Key points

•  Behavioural and environmental determinants of food choice and physical activity practices should be studied.

•  Cost-effective top–down policy interventions and bottom–up community-based approaches are needed 
to prevent and control obesity.

•  Benchmarking of the food policy environment across countries is needed to identify best practices.

Research needs

sugar-sweetened beverages and 
junk food, with strong support from 
civil society, including health and 
consumer associations, academia, 
and opposition parties. This policy 
was implemented in 2014 and has 
been under evaluation since then. 
Various analyses have observed a 
reduction in consumption of these 
products after taxation, after ad-
justing for seasonality (change in 
temperature; holidays and festiv-
ities) and population growth [35, 
70–73], despite major efforts from 
industry to maintain sales with ag-

gressive marketing campaigns. The 
results and experience in Mexico 
are now being used by other Lat-
in American countries as a back-
ground to promote similar initiatives.

Conclusions

Obesity and its consequences are 
among the greatest global health 
burdens, leading to impairment of 
health-related quality of life and con-
siderable costs to society. Although 
there are individual differences 
in susceptibility, obesity is by and 

large a societal problem, resulting 
from health-related behaviours that 
are driven largely by upstream en-
vironmental factors. Many options 
for policies to prevent obesity are 
available, and many of these are 
effective and cost-effective. Inte-
grated management of the obesity 
epidemic requires top–down gov-
ernment policies, bottom–up com-
munity-based approaches, and the 
involvement of many sectors of soci-
ety. Integrating evidence-based pre-
vention and management of obesity 
is essential.
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and mortality, for which the incidence 
is expected to increase over the next 
10 years [5]. The most common his-
tological type of oesophageal cancer 
worldwide is squamous cell carcino-
ma, which has a higher incidence 
in developing countries than in de-
veloped countries [5]. Identified risk 
factors for oesophageal squamous 
cell carcinoma include smoking, al-
cohol consumption, drinking hot tea, 
consumption of red meat, poor oral 
health, low intake of fresh fruits and 
vegetables, and low socioeconomic 
status [6, 7], whereas risk factors 
for oesophageal adenocarcinomas 
include chronic heartburn, tobacco 
use, white race, and obesity [8]. If 
the rise in the prevalence of obesity 
continues in LMICs, there may be an 
increase in the incidence of oesopha-
geal adenocarcinoma, colorectal can-
cer, and other cancers, as well as a 
continued high incidence of stomach 

There is an abundance of ev-
idence that obesity and/or weight 
gain are related to a variety of types 
of cancer [1], for several of which the 
incidence is rising in low- and mid-
dle-income countries (LMICs) [2]. 
Obesity-related cancers of particular 
concern in LMICs include colorec-
tal and oesophageal cancers [1] 
and breast cancer, which is related 
to weight gain in postmenopausal 
women [3]. Convincing evidence 
is available that other cancers are 
associated with obesity, including 
pancreatic, endometrial, and kidney 
cancers, and possibly gallbladder 
cancer [4].

Although weight gain and obesity 
may have been studied extensive-
ly in high-income countries (HICs), 
the cofactors and etiologies may be 
slightly different in LMICs. An exam-
ple is oesophageal cancer, a serious 
malignancy in terms of prognosis 

cancer, liver cancer, and oesopha-
geal squamous cell carcinoma. It will 
be important to monitor trends in the 
incidence and the epidemiology of 
these cancers in LMICs in the com-
ing years.

Cultural diversity

Most research on obesity and can-
cer has focused on Caucasians in 
HICs. Although many of the identi-
fied risk factors in HICs will have the 
same physiological effects in LMICs, 
the determinants may be different, 
in addition to other environmental 
and genetic differences across pop-
ulations. Novel risk factors may be 
identified in newly studied popula-
tions and regions.

Diet is shaped by many factors, 
such as knowledge about diet, food 
availability, budgetary constraints, 
and health conditions. Similarly, a 
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quency with which they are routinely 
consumed [12]. It will be important 
to identify dietary patterns related to 
weight gain and obesity in a varie-
ty of settings to evaluate the major 
lifestyle, behavioural, and policy in-
fluences, in an effort to plan public 
health interventions appropriately.

Recent research exploring the 
effect of dietary patterns on mortality 
suggests that overall nutritional qual-
ity may be more predictive than indi-
vidual dietary components. Defining 
dietary quality usually involves com-
parison of the dietary intakes with 
guidance provided for that region.

In 2014, the United States De-
partment of Agriculture (USDA) Nu-
trition Evidence Library summarized 
the literature on dietary patterns and 
obesity as part of a larger review 
of dietary patterns and several out-
comes [12]. Dietary patterns can be 
assessed in various ways, including 
numerical indices designed to gauge 
adherence to a particular recom-
mended pattern (e.g. the Healthy 
Eating Index in the USA) or da-
ta-driven approaches that use math-
ematics to empirically derive food 
intake patterns inherent in a study 
population.

The USDA review concluded that 
“there is moderate evidence that, in 
adults, increased adherence to die-
tary patterns scoring high in fruits, 
vegetables, whole grains, legumes, 
unsaturated oils, and fish; low in total 
meat, saturated fat, cholesterol, sug-
ar-sweetened foods and beverages, 
and sodium; and moderate in dairy 
products and alcohol is associated 
with more favorable outcomes relat-
ed to body weight or risk of obesity”, 
with some variation by sex, race, or 
body weight status [12]. Adherence 
to a Mediterranean diet score or 
a dietary guidelines-related score 
was associated with decreased risk 
of obesity and with decreased body 
weight, body mass index (BMI), 
waist circumference, or body fat per-
centage. Mediterranean or dietary 

variety of factors influence daily phys-
ical activity, including dwellings, ur-
banization, employment constraints, 
and health conditions. A broad review 
of cultural determinants of obesity 
in LMICs is presented in Chapter 2. 
To the extent possible, evaluation of 
these factors that influence weight 
gain and obesity will inform efforts 
to mitigate the rising prevalence of 
obesity in the study populations.

Reporting and analyses of 
dietary intakes

Evaluation of biases in reported in-
take of macronutrients in HICs has 
shown underreporting of intake of 
carbohydrates and fat, but less un-
derreporting of protein intake [9]. 
However, obese subjects are more 
likely to underreport intake of all ma-
cronutrients [9], and the lack of ac-
curacy is dependent on the specific 
dietary assessment instrument used 
[10]. Such associations may be sim-
ilar in research conducted in LMICs 
[11].

Whereas lack of food composition 
tables may be a current limitation in 
many regions, use of food patterns 
may be helpful, and may be more per-
tinent and more applicable for com-
paring results across populations in 
LMICs. If nutrient data are preferred, 
regional food composition tables 
from neighbouring countries could 
be used, or Food and Agriculture 
Organization of the United Nations 
(FAO) food composition data by con-
tinent  (http://www.fao.org/infoods/
en/) could be used. Significant efforts 
and funding are needed to develop 
country-specific and continent-specif-
ic food composition tables.

Foods and nutrients are eaten 
in a variety of combinations and 
can have interactive or cumulative 
effects when consumed together. 
Dietary patterns are defined as the 
quantities, proportions, variety, and 
combinations of different foods, 
drinks, and nutrients, and the fre-

guidelines-related dietary patterns 
generally reflect a plant-based, min-
imally processed, nutrient-dense diet.

A variety of scores were includ-
ed in the USDA review, including the 
Mediterranean Diet Score (MDS), 
the relative Mediterranean Diet 
Score (rMED), the Healthy Eating 
Index (HEI-1995 and HEI-2005), 
the Diet Quality Index-Internation-
al (DQI-I), the Dietary Guidelines 
Adherence Index (DGAI), and the 
French Programme National Nutrition 
Santé Guideline Score (PNNS-GS).  
Overall, common dietary compo-
nents related to decreased risk of 
obesity were fruits, vegetables, 
whole grains, legumes, and fish. 
Sugar-sweetened food and drink 
components were included and 
scored negatively in most of the di-
etary guidelines indices. Data-driven 
studies that used factor or cluster 
analyses or reduced rank regression 
provided limited or insufficient evi-
dence for the association of dietary 
patterns with favourable body weight 
status [12].

Future efforts in LMICs should 
have regional similarities in the ap-
proaches and methods used, and 
use of guidance-based indices may 
prove more effective. Once die-
tary patterns in various countries/
cultures are identified, a culturally 
appropriate set of dietary guidance 
recommendations may be used to 
calculate indices of nutritional quality 
for analyses in relation to outcomes, 
such as obesity.

Much attention has been focused 
on the association of childhood and 
adolescent obesity with higher risk 
of obesity in adulthood [13]. A sys-
tematic review on childhood nutrition 
and obesity later in life showed that 
diets high in energy-dense, high-fat, 
low-dietary-fibre foods were associ-
ated with later obesity [14]. This re-
view of the evidence highlighted that 
food patterns better explained the 
link with later obesity than individual 
foods or nutrients.



Chapter 14. Which new data are needed to explore the relationships of diet and dietary patterns to obesity and weight gain? 115 C
H

A
PT

ER
 1

4

Given that metabolic syndrome 
is likely to be a comorbid condition 
with the rising prevalence of obesi-
ty in LMICs, an evaluation of dietary 
patterns related to ameliorating the 
components of metabolic syndrome 
shows promise. Three dietary pat-
terns were shown to improve com-
ponents of metabolic syndrome (a 
Mediterranean dietary pattern, the 
Dietary Approaches to Stop Hyper-
tension [DASH] diet, and the Nordic 
diet), and they were characterized 
by increases in intake of fruits, vege-
tables, whole grains, dairy products, 
whey protein, calcium, vitamin D, 
monounsaturated fatty acids, and 
omega-3 fatty acids [15]. Future 
studies in LMICs may benefit from a 
similar approach evaluating dietary 
patterns associated with compo-
nents of metabolic syndrome.

There have been many interven-
tion studies in children to prevent 
obesity later in life. A particularly 
interesting recent study in Finland 
shows promise. This longitudinal 
trial provided repeated dietary coun-
selling aimed at reducing saturated 
fat intake beginning in infancy. The 
long-term risk, up to age 20 years, of 
metabolic syndrome was 40% lower 
in the intervention group [16]. Know-
ing the variety of region-specific die-
tary patterns and their associations 
with obesity and other morbidities 
will enable the implementation of 
interventions to improve nutritional 
status and general health.

Although they are not included 
in specific dietary pattern analyses, 
sugar-sweetened beverages have 
been shown to increase the risk 
of a variety of conditions in HICs. 
Literature reviews have found a 
strong association of high intakes 
of sugar-sweetened beverages with 
weight gain [17, 18], and evidence 
exists that decreasing the intake of 
sugar-sweetened beverages reduc-
es the prevalence of obesity and 
obesity-related diseases [19]. New 
efforts in LMICs should monitor the 

intakes of sugar-sweetened bever-
ages as part of dietary surveillance 
programmes in the diverse regions.

Surveillance to assess current 
intakes and trends

Surveillance efforts provide informa-
tion on the population’s weight and 
nutritional status as well as on food 
system variables at one time point 
and across time points. A food sys-
tem encompasses foods, nutrition, 
health, community economic devel-
opment, agriculture, and the social, 
political, economic, and environmen-
tal contexts of these processes.

For assessing baseline nutri-
tional status and dietary changes 
over time, it will be important that 
suitable methods for measuring diet 
and nutrition-related behaviours are 
used in various LMICs. There is a 
need to evaluate the use of available 
methods in LMICs, their potential for 
standardization, and the capacity to 
develop new methods to enhance 
assessment, comparisons, and pool-
ing of data.

For surveillance, it is desirable to 
use 24-hour recalls with standard-
ized methodologies that will permit 
comparisons across populations at 
both the food and nutrient levels. 
Repeated surveys of diet, anthro-
pometric measures, and physical 
activity will generate baseline infor-
mation and enable assessment of 
changes over time at the popula-
tion level. Such data are needed in 
low-resource countries to evaluate 
the current status of the population 
and to address adverse trends with 
a variety of prevention and control 
programmes.

Intervention studies in countries/
regions are needed to learn about 
physiological changes and the sus-
tainability of the changes. For exam-
ple, a 2-year worksite intervention 
study in Israel showed favourable ef-
fects in weight loss and lipid profiles, 
with the largest effects in the Mediter-

ranean-diet and low-carbohydrate-di-
et groups compared with the low-fat-
diet group [20]. There was high com-
pliance during the study (85%), and a 
6-year follow-up showed long-lasting 
post-intervention effects on dietary 
intakes, weight, and lipid parameters 
[21]. The participants were invited 
to the clinic for a regular check-up, 
anthropometry, and a blood sample 
once a year during the follow-up 
period. Although the special labels 
were not available in the cafeteria 
after the intervention study ended, 
most participants continued to con-
sume their specific dishes from the 
intervention study. At 6 years, 67% of 
the participants were complying with 
the original diet, demonstrating that 
appropriate, sustainable diets and in-
tervention methods hold promise for 
future intervention research.

Short-term intervention studies 
can also be revealing. In a 2-week 
food exchange programme, African 
Americans were fed a high-fibre, 
low-fat African diet and rural Africans 
were fed a high-fat, low-fibre diet 
typical of high-income countries [22]. 
The food interventions resulted in 
the acquisition of microbiota and oth-
er biological parameters consistent 
with those found in the original diet 
group. There were changes in colon-
ic mucosal proliferation rates and in-
flammation, and in characteristics of 
the microbiota and the metabolome 
that are associated with cancer risk. 
Given that the microbiota and inflam-
mation have been related to obesity 
[23–25], further work in this area is 
worthwhile. Similar targeted inter-
vention studies in LMICs may reveal 
dramatic effects from changes in di-
etary composition, with implications 
for improved health.

Influence of early life and 
life-cycle

Increasing attention is being paid 
to the role of factors across the 
life-course in relation to weight and 
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health outcomes in adulthood. More 
specifically, the role of nutrition in 
early development has been sug-
gested to influence metabolic pa-
rameters and disease outcomes 
later in life [26]. It has been shown 
that a mother’s own birth weight in-
fluenced her adult BMI, and that the 
risk of large-for-gestational-age off-
spring was increased among wom-
en with a high adult BMI who also 
had a high birth weight [27]. A vari-
ety of studies have shown indepen-
dent effects of maternal BMI and 
offspring BMI, adiposity, abdominal 
obesity, and insulin resistance [28, 
29]. Such observations suggest a 
vicious cycle of overweight across 
generations.

In 2011, the United Kingdom 
Scientific Advisory Committee on Nu-
trition (https://www.gov.uk/government/
groups/scientific-advisory-committee- 
on-nutrition) published a review enti-
tled “The influence of maternal, fetal 
and child nutrition on development 
of chronic disease in later life” [30]. 
The review warned against the later 
health consequences of excessive 
nutrient supply during early fetal and 
infant life, and emphasized that cur-
rent dietary patterns of girls and 
women of reproductive age are a 
particular concern. The review sug-
gested that improving the nutritional 
status of these women and of infants 
and young children has the potential 
to improve the health of future 
generations.

Further work on birth cohorts or 
other prospective studies in LMICs 
is likely to provide additional in-
sights into developmental causes 
of obesity and noncommunicable 
diseases. Early-life factors operate 
together with exposures that ac-
cumulate over the life-course [31], 
but fundamental information on 
key time periods is still lacking. Al-
though prospective studies are an 
important area of research, as are 
surveillance, intervention, and im-
plementation research, resources 

and expanded research capacity 
are of the highest priority.

Discussion

Diet and physical activity are shaped 
by many physical, social, and cultural 
determinants, which need to be inves-
tigated in each population. New ef-
forts should take into account factors 
that may modify energy requirements 
and response to dietary intakes, such 
as ageing, sex, body composition, ac-
tivity level, environmental exposures, 
smoking, genetics, and disease sta-
tus. The prevalence and etiologies of 
obesity in different populations need 
to be evaluated, addressing many 
of these factors and with culturally 
adapted methods.

To effectively advance the role 
of nutrition in improving and main-
taining optimal weight status in pop-
ulations, efforts need to be made 
to develop capacity and coordinate 
training efforts to support nutrition 
research. A key priority is nutrition 
surveillance; intervention research 
and implementation sciences are 
also important. Efforts should be-
gin with evaluation of the available 
dietary methods in LMICs, their po-
tential for standardization, and the 
capacity to develop new methods to 
enhance assessment, comparisons, 
and pooling of data. The potential of 
using 24-hour recalls with standard-
ized methods should be evaluated, 
because they have been used suc-
cessfully in many populations.

Given the evidence suggesting 
that physical activity and nutrition 
may interact in their influence on 
metabolic programming, research 
should include examination of the 
role of physical activity and its inter-
action with nutrition. These observa-
tions are of paramount importance in 
some LMIC settings, where emerg-
ing evidence suggests that physical 
activity patterns are changing and 
that nutrient supply early in life may 
vary with time and often moves to-

wards food patterns that are less 
nutrient-rich. The prime importance 
of addressing physical activity in 
energy balance is discussed in 
Chapter 6, and these efforts could 
incorporate parallel capacity-build-
ing approaches to those for dietary 
assessment.

Further research focused on 
food patterns in LMICs may be ben-
eficial in identifying helpful interven-
tions for specific populations and 
subgroups. In some regions, lack 
of food composition tables may be 
a current limitation. It may be useful 
to conduct evaluations at the food 
level now, which may be followed by 
nutrient-level evaluations when food 
composition tables become available. 
Food pattern analyses in popula-
tions have many advantages. They 
can be used to develop dietary guid-
ance, evaluate the nutritional quality 
of diets, evaluate associations with 
weight gain and obesity, and enable 
informed interventions to improve 
nutritional status. It will be important 
to identify dietary patterns related to 
weight gain and obesity in a varie-
ty of settings to evaluate the major 
lifestyle, behavioural, and policy in-
fluences, in an effort to plan public 
health interventions and research ef-
forts appropriately. In addition, given 
the evidence from other countries, 
new efforts in LMICs should monitor 
the intake of sugar-sweetened bev-
erages as part of dietary surveillance 
programmes.

Conclusions

There is clearly a need for capaci-
ty-building and resources devoted 
to nutrition research in LMICs. The 
first step would be a comprehensive 
assessment of resources already in 
place, and the identification of gaps 
and priorities for moving forward. 
Repeated surveillance surveys are 
essential in LMICs, to evaluate the 
current and future status of the pop-
ulation and to address undesirable 
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trends with prevention and control 
programmes. It is recognized that 
few prospective studies are currently 

under way in LMICs, and resources 
will be needed to pursue this impor-
tant area of research. Input from local 

research communities, health minis-
tries, and policy-makers is critical for 
the success of new efforts in LMICs.

•  The prevalence of obesity is increasing in LMICs.

•  Cultural and environmental aspects of the context are drivers of the obesity epidemic and require evaluation 
in each setting.

•  Dietary quality is a main driver of weight gain and maintenance of optimal body weight.

•  Evaluation of dietary patterns may be helpful in identifying region-specific patterns related to weight gain 
and obesity.

•  Evaluation of dietary patterns will inform intervention strategies.

•  Physical activity influences body weight, and the interaction of physical activity with dietary intakes affects 
weight status.

•  Surveillance efforts provide information on current status and trends over time, and enable pooling of data 
across regions.

•  Early-life time periods are important, and childhood obesity is particularly problematic.

Key points

The following are needed in LMICs.

•  Develop capacity and coordinate training efforts for nutrition research.

•  Evaluate current methods and plan for standardized methods within and across regions.

•  Build capacity to monitor and conduct research on physical activity.

•  Develop methods to evaluate dietary patterns related to body weight status.

•  Develop interventions related to foods and dietary patterns to improve nutritional status and modify negative 
trends in weight status in the populations.

•  Prospective studies are needed to evaluate influences over the life-course, and resources are needed to 
support such studies.
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