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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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