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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.

http://www.fao.org/infoods/en/
http://www.fao.org/infoods/en/
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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 

https://www.gov.uk/government/groups/scientific-advisory-committee-on-nutrition
https://www.gov.uk/government/groups/scientific-advisory-committee-on-nutrition
https://www.gov.uk/government/groups/scientific-advisory-committee-on-nutrition
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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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