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Abstract

The prevalence of overweight and obesity in India has increased substantially in
recent decades, and Indians are particularly predisposed to diabetes. Despite this,
recent trends in the socioeconomic patterning of overweight and obesity are
currently unknown, and reliable future forecasts of overweight, obesity and
diabetes to assist policy makers are over-simplistic. The main aims of this thesis
were to: (I) examine recent trends in the socioeconomic patterning of overweight
and obesity in India, (IT) estimate the future prevalence of overweight, obesity and

diabetes to 2040, and (IIT) estimate residual lifetime risk of diabetes.

The first objective was addressed using multilevel regression analysis, and the
second and third by building dynamic simulation models. Input data
were extracted from national surveys, census demographic data and community

level cohort studies.

The research identified considerably greater increases in overweight and obesity
prevalence between 1998 and 2016 in poorer, compared to richer, socioeconomic
groups particularly in urban areas, the most economically developed states, and
among women. Among 20-69-year-old Indians, overweight and obesity
prevalence is forecast to reach 30% and 10% among men, and 27% and 14%
among women by 2040. The resultant prevalence of diabetes among urban men
and women, respectively, in 2040 is expected to reach 27% and 25%. The lifetime
probability of developing diabetes at 20 years among urban men and women is
69% and 75%, respectively, however is considerably higher among the obese

population.

This thesis marks the most recent attempt to identify the trends in the
socioeconomic patterning of excess weight in India, the most thorough attempt to
forecast future overweight, obesity and diabetes, and the first to examine the
lifetime risk of diabetes. These findings are intended to guide future policy and

monitor progress goals related to both excess weight and diabetes.
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Chapter One. Background

1.1. Introduction

In 2016, of the 1.9 billion adults who were overweight or obese worldwide, 650
million were classified as obese. Globally, the pace of growth in the prevalence of
overweight and obesity is alarming; increasing three-fold between 1975 and 2016
and increasing in every region of world>. The rapid increase in excess weight
globally is caused by a combination of higher consumption of energy-dense fatty
foods, and increasingly sedentary behaviour, driven by sectoral shifts in
employment and urbanisation'. Overweight and obesity are important risk factors
for certain non-communicable diseases (NCDs), including diabetes, coronary

heart disease (CHD), stroke and some cancers”.

The increasing prevalence of NCDs is consistent with theories of an
epidemiological transition, whereby a predominance of infectious diseases is
replaced by an increasing prevalence of ‘man-made’ or chronic disease*’. This
transition is known to occur as countries undergo economic development and shift
from a previous state of high fertility and high mortality, to low fertility and low
mortality (known as the demographic transition)®’. The initial mortality declines,
emanating from economic modernisation’ leads to rapid population growth,
population ageing, and considerable urbanisation. Between 1960 and 2015, whilst
the global economy (in terms of Gross Domestic Product (GDP) per capita)
approximately doubled®, the proportion of the world’s population living in

obesogenic urban environments increased from 34% to 54%’.

Currently, NCDs are responsible for around 71% of global mortality; claiming 41
million lives per year'. In low- and middle-income countries (LICs and MICs),
approximately 85% of deaths between the ages 30 and 69 years are attributable to
NCDs. Diabetes, a disease with a strong positive association with overweight and
obesity'', has witnessed almost a tripling in the number of cases between 2000 and
2017 (from 151 to 425 million people)''. Conservative estimates predict that the

number of adults aged 20-79 with diabetes will increase from 425 million to 629
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million between 2017 and 2045; a 48% increase''. Diabetes-related complications
include cardiovascular disease (CVD), neuropathy, and eye-disease'!, and has also
been found to increase the risk of heart attacks and stroke by two and three times,
respectively'?. Global trends in the future diabetes burden and prevalence are
expected to vary considerably by broad regions. According to the International
Diabetes Federation (IDF), whereas the expected increase in the diabetes burden
between 2017 and 2045 in Europe (a region with a predominance of High Income
Countries (HIC)) is 16%, the number of adults with diabetes in South East Asia is

expected to increase by 84% over the same period''.

Such is the public health challenge associated with the rising burden of NCDs and
the threat it poses to global long-term development, the World Health
Organization (WHO) has outlined targets for tackling the future burden. The
‘Global Action Plan for the Prevention and Control of Non-communicable
Diseases 2013-2020’" outlined its intention to reduce premature mortality from
NCDs by a quarter by 2025, in addition to stopping further increases in global
obesity beyond the 2010 level. The 2030 Agenda for Sustainable Development has
since aimed to reduce premature mortality attributable to NCDs by 33% by 2030™.

India is a Low-Middle Income Country (LMIC) with a population of 1.3 billion
in 2015 according to the United Nations (UN) World Population Prospects. The
country is experiencing a rapid epidemiological transition, whereby NCDs now
account for 61.8% of all deaths”. At the same time infectious diseases still pose a
significant health challenge, consistent with a ‘non-Western’ epidemiological
transition model whereby rapid mortality declines occur at lower levels of
economic development compared to when HICs went through the same

transition'®"’.

The prevalence of overweight and obesity in India has increased considerably in
recent decades. Whereas the prevalence of overweight and obesity combined
approximately doubled among men aged 15-49 from 9.7% to 18.9% between 2005
and 2016"", the prevalence increased among women between 1998 and 2016,

from 10.6% to 20.7%'"*°. Between 1990 and 2016, the prevalence of diabetes
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among Indian adults has increased from 5.5% to 7.7%"', with a considerably

higher prevalence in urban areas compared to rural areas®.

Indians are also known to have an elevated predisposition to diabetes at
comparatively lower levels of Body Mass Index (BMI) than in White European
populations™?; a metric commonly used to assign overweight and obesity status’.
Indians have also been found to experience the onset of diabetes around a decade

22 Furthermore, not only is India the second most

earlier than Europeans
populous country on earth, with a diverse disease profile and one of the lowest
overall expenditures on health per capita globally’”’, it is considerably
heterogenous with regards economic development sub-nationally. For instance,
the per capita net state domestic product (PCNSDP) in Goa is approximately ten
times that of Bihar®®.

Socioeconomic position (SEP) is a commonly cited correlate of excess weight™ 2.
However the nature of this association changes with economic development,
whereby it is commonly associated with affluence at earlier development levels,
and poverty at later stages of development®>* Understanding the most vulnerable
subpopulations within India’s heterogenous makeup, for instance different
socioeconomic groups within the country, will become increasingly important

moving forward when deciding upon strategies to counter the growing prevalence

of overweight and obesity, and the rising diabetes epidemic.

The increasing prevalence of diabetes, overweight and obesity in India also
necessitates accurate and sophisticated forecasts that incorporate future
demographic changes. The development of such models will be useful in testing
future scenarios of interventions on the future prevalence. Additionally, it can aid
in the monitoring of progress towards goals related to excess weight and diabetes;
for instance, the National Health Policy (NHP) 2017 which targets the screening
and treatment of 80% of diabetes cases and the reduction of premature mortality
related to diabetes by 25% by 2025%. Finally, given that more than 50% of
individuals with diabetes in India are not diagnosed®**, diabetes forecasts can

help estimate the future burden of undiagnosed diabetes.
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Finally, understanding the burden of diabetes above and beyond prevalence can
offer new insights into potential challenges. The prevalence of diabetes 1s limited
in that it solely expresses a population-level burden, without any reference to how
diabetes impacts individuals®. Estimates of lifetime risk, that express the
probability of individuals developing diabetes, is currently unknown in India,
where there is a comparatively lower prevalence of overweight and obesity*® and
lower life expectancy’’, however a higher predisposition at all ages and BMI
levels, compared to Western European populations®*?**%Such evidence on
the subpopulations at elevated risk of developing diabetes, and the extent of the
increased risk, can identify the subpopulations in most urgent need of health

policy attention in a setting with limited healthcare resources.

1.2. Aims and Objectives

The main aims of this thesis are to examine recent trends in the association of SEP
and excess weight among Indian adults; provide estimates of the future prevalence
of overweight, obesity, and diabetes among adults using easily understandable
models with the most contemporary data; and estimate the life time risk of
diabetes. By accomplishing these main objectives, I will provide a more detailed
understanding of the current and future challenges related to excess weight and
diabetes in India. I draw upon carefully collected and objectively measured data
from geographically-representative cross-sectional data, community studies, and

census demographic data.

The specific aims addressed in this thesis are as follows:

1. Examine trends in the socioeconomic patterning of overweight and obesity
between 1998 and 2016 among women (15-49 years) and between 2005
and 2016 among men (15-54 years).

2. Assess how these socioeconomic patterning trends in overweight and
obesity have differed between India’s most and least economically

developed states.
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3. Forecast the future prevalence of overweight and obesity among Indian
adults to 2040 by urban and rural residence (by age, sex and urban/rural
residence).

4. Forecast the future prevalence of diabetes, in light of the forecasted
overweight and obesity, among urban Indian adults, to 2040 (by age and
sex).

5. Estimate the lifetime risk of diabetes among urban Indian adults (by age,

sex, and BMI category).

Although it would be ideal to incorporate a measure of SEP into the forecasts of
overweight and obesity (Aim 3), and consequently the forecasts of diabetes (Aim
4), 1T opt against this due to the expected changing nature of the association
between excess weight and SEP throughout the forecasting period. This would
add considerable uncertainty into a forecasting model as the future risk of
overweight and obesity for different SEP groups would not be known, and
consequently has the potential to make my forecast results less accurate. A
number of systematic reviews have shown that in LMICs, the association between
overweight and obesity and SEP changes substantially towards a negative

association?30:32:3?

, and this is likely to happen at different speeds in different areas
of the country, depending on subnational levels of economic development. Studies
that have aimed to incorporate SEP into predictions of overweight and obesity
assume the same probability of becoming overweight or obese within one SEP
category over a forecasting period”, which I expect to be untrue through
objectives 1 and 2. To avoid such assumptions, I use a comprehensive but

relatively parsimonious model.

Furthermore, for aims 4 and 5, I restrict my analysis to urban areas as the data
required for the diabetes models, specifically the incidence of diabetes, is only
available for urban areas. The CARRS study, with whom I have collaborated to
achieve these aims, restrict data collection to two Indian cities (Delhi and

Chennai) and one Pakistani city (Karachi).
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1.3. Structure of the thesis

This thesis follows a research-paper based structure, with a total of ten chapters,
and including five research papers. The first research paper (Chapter Five) has
been published in BMJ Open, the second paper (Chapter Six) has been published
in BMC Public Health. The third research paper (Chapter Seven) has been
resubmitted with minor corrections to PLoS One. I have included the research
papers in this thesis using standard formatting, rather than the journal formatting,

however, the published articles are included in the Appendix.

In Chapter One (presented here) I have provided some very brief background to
the overweight, obesity and diabetes challenge globally and in India before
providing some rationale for the research that I have undertaken. I have outlined
the main aims and objectives of the thesis, before breaking down the structure of
the thesis. I then provide information on collaborating institutions and research

funding, ethical clearance, and my role in the research.

Chapter Two contains a review of the relevant literature. In the first part I review
the literature on the association between SEP and overweight and obesity.
Specifically, I review the literature on the association observed in LICs and MICS;
review possible reasons for the positive association in countries at early stages of
development; and describe the literature on the negative association commonly
seem in HICs. I then review the literature on this association in both nationally-
representative and community-based studies in India. The second section of the
review provides a detailed breakdown on models used to predict future overweight
and obesity in a number of international contexts, following a logical order based
on model complexity. This is followed by a review of the very limited forecasts on
overweight and obesity in India. The third section of the literature review follows
a similar structure to the second, however, focusing on forecasts of diabetes
prevalence. Finally, in the fourth section I review the literature focused on

providing estimates of lifetime risk of diabetes.

In Chapter Three I provide detailed context to the overall thesis. Firstly, I describe

the demographic and epidemiological transition in India. I then describe recent
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trends in overweight and obesity in India, before discussing recent trends in global
and India-specific diabetes prevalence. This is followed by a brief overview of
current healthcare spending, in addition to national policy related to overweight
and obesity, and diabetes. Finally, I explain why India is an important and

relevant setting to explore my research questions.

Chapter Four contains an overview of the data and methods used in the thesis.
In the first section, I provide a detailed description of the National Family Health
Survey (NFHS), how the Standard of Living (SoL) index used as a proxy of SEP
was calculated and describe a formalised version of the models to be used in
Chapters Five and Six. In the next section, I provide a detailed description of the
parameters I needed to obtain forecasts of future overweight and obesity
prevalence. I then describe the process used to calculate the diabetes forecasts,

before explaining how estimates of lifetime risk of diabetes were obtained.

Chapter Five is a research paper that analyses the socioeconomic patterning of
overweight and obesity (combined) among urban and rural ever-married adults in
India between 1998 and 2016 among women (15-49 years) and between 2005 and
2016 among men (15-54 years). Repeated cross-sectional data from the NFHS
collected in 1998-99, 2005-06, and 2015-16 was used, and combined overweight
and obesity was defined as a BMI>25kg/m’. Two variables were used to proxy
SEP: firstly, a measure of educational attainment and secondly a SoL index.
Multilevel logistic regressions were adopted to examine trends in the prevalence

of combined overweight and obesity by SEP.

In Chapter Six I include a research paper examining how trends in the
socioeconomic patterning of overweight/obesity (combined) has varied between
India’s most and least economically developed states in recent decades. As in
Chapter Five, the study used geographically-representative data from five of
India’s least and most developed states from the NFHS in 1998-99, 2005-06, and
2015-16. A measure of combined overweight and obesity was the main outcome

(defined in the same way as in Chapter Five), educational attainment and a SoL
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index proxied SEP, and multilevel logistic regressions were used to assess the

trends in the socioeconomic patterning over the study period.

Chapter Seven forecasts the future prevalence of overweight and obesity
separately among Indian adults (20-69 years) by urban and rural areas, and by
five-year age groups, through to 2040. In this study, multi-state lifetables were
used. Transition parameters were derived from a range of sources: NFHS 3 (2005-
06) and 4 (2015-16) were used to estimate the incidence of overweight and obesity
among individuals aged 20-49 years, the Study on global AGEing and Adult
Health (SAGE) waves 0 (2002-04) and 1 (2007-10) were used to estimate the
incidence of overweight and obesity in older ages, and the Sample Registration
System (SRS) abridged lifetables were used to estimate current and future
mortality rates. I used relative risks derived from the literature to appropriately
scale transition parameters. I additionally explore how the future prevalence of
overweight and obesity will change under different future assumptions, such as
high future urbanisation and annual increases in the incidence of overweight and

obesity.

In Chapter Eight, I used a dynamic simulation model, using transition
probabilities, to estimate the prevalence of diabetes among urban Indian adults
(20-69 years) to 2040 using predicted overweight and obesity prevalence from
Chapter Seven. I obtained estimates of diabetes prevalence from the Indian
Council for Medical Research India Diabetes Study (ICMR-INDIAB) study
(2008-13), diabetes incidence from the Centre for Cardiometabolic Risk
Reduction in South-Asia study (CARRS); mortality rates from the SRS abridged
lifetables; and smokeless tobacco consumption data from the Global Adult
Tobacco Surveys (GATS) in 2009-10 and 2016-17. I tested the effect on future
prevalence of diabetes of future changes to diabetes incidence, and future changes

to overweight and obesity prevalence.

Chapter Nine includes the final research paper of this thesis which estimates the

lifetime risk of diabetes for urban Indian adults aged 20 through 79 years, both
overall and separately by BMI status. I used incidence data from the CARRS
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study and mortality rates derived from the SRS to build the model. Furthermore,
I present estimates of diabetes-free life expectancy, by age and BMI, for urban

Indian adults.

Finally, Chapter Ten discusses the findings of the thesis. This includes a summary
of the main findings, an overview of the general limitations and strengths of the
thesis, potential avenues for further research and recommendations for future
survey data that would advance this research. I then discuss a number of

implications of the findings, before providing a conclusion to the thesis.

1.4. Collaborating Institutions and Funding

The collaborating institutions for this research were the London School of
Hygiene and Tropical Medicine (LSHTM) and The Emory Global Diabetes
Research Centre at the Rollins School of Public Health, Emory University in
Atlanta, Georgia. Research funding was obtained from the Economic and Social

Research Council (ESRC) grant number: ES/J500021/1.

1.5. Ethical Clearance

Ethical clearance for the use of the secondary data sources were obtained from the
ethics committee at the London School of Hygiene and Tropical Medicine.
Secondary survey data was anonymised before I obtained it, and data for use in
Chapters Eight and Nine were aggregated before I obtained it. I have included the

ethics approval confirmation letters in the Appendix.

1.6. Role of the candidate

I, the candidate, designed all the studies in this thesis, with assistance from either
my supervisors, the Advisory Committee, or external collaborators. I obtained

non-publicly available data myself through either the Measure DHS website, or
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through co-authors. I conducted all of the data analysis and interpreted findings
with input from co-authors. I produced the initial draft manuscripts for each of
the research papers and the body of this thesis, and subsequently included
revisions suggested by co-authors. A breakdown of my role in each of the research

papers is included in the research paper cover sheet.
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Chapter Two. Literature Review

In this chapter, I provide a review of the relevant literature related to the
socioeconomic patterning of overweight and obesity, forecasts of future
prevalence of overweight and obesity, forecasts of future diabetes prevalence, and
existing research investigating the lifetime risk of diabetes. I provide an overview

of literature from both international studies and research conducted in India.

2.1. Socioeconomic patterning of overweight and obesity

The association of overweight and obesity with SEP has been the subject of a
number of studies and systematic reviews in recent decades. In 1989, Sobal and
Stunkard reviewed over 144 published studies written on the association between
SEP and obesity and concluded that this effect was considerably modified by the
level of economic development of the society in question®'. More specifically, in
LICs, a positive association was observed among men, women and children,
whereas a negative association was found among women in HICs. Another
systematic review of 333 published studies up to 2004, identified similar trends in
the association between obesity and SEP, however the strength of association
varied by the indicator used”. In HICs, the negative association was found to be
more common when using education or occupation as the indicator of SEP,
whereas in LICs, a positive association was more often observed when using a

measure of income as the main exposure.

A more detailed message was presented in Monteiro et al (2004), which reviewed
14 papers on the same association in LICs and MICs*. Among women, 10 of the
14 studies found a higher prevalence of obesity among lower SEP respondents,
marking a negative relationship, and concluded that the association of obesity and
SEP crosses over from a positive one to a negative one after a country achieves a
Gross National Income (GNI) per capita of approximately US$2500. This
threshold level of GNI per capita was revised down to US$1000 by Dinsa et al
(2012) who reviewed 42 studies in LICs and MICs, and ultimately concluded that
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the association is either negative or mixed when examining the association among

women and men, respectively, in MICs™,

In Section 2.1 I review the literature on the socioeconomic patterning of
overweight and obesity among adults in a number of international and India-
specific studies. I will address posited reasons for the commonly observed positive
association in LICs, and the negative association that is characteristic of HICs
using examples from international studies. I subsequently review research
reporting this association in studies using both nationally-representative surveys,

and community-level studies in India.

2.1.1. The association between overweight and obesity and SEP in LICs and
LMICs

2.1.1.1. Evidence from international studies

In LICs, the prevalence of overweight and obesity is commonly higher among
individuals from a higher SEP compared to a lower SEP. Evidence for this
positive association has been demonstrated consistently in literature from a

number of studies.

A study using nationally-representative data from Brazil, collected in 1989 (when
Brazil was considered a developing country and its GDP per capita was lower
than the global average®), found that the prevalence of overweight and obesity was
almost three times higher among men in the highest income quintile compared to
the lowest*”. Another study using nationally-representative population-based
household survey data in Brazil found that the age-adjusted prevalence of obesity
was around 1.5 times higher among the 25% richest Brazilians compared to the
25% poorest (measured by income), and that this association persisted in surveys

conducted in both 1975 and 1989*.
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Demographic and Health Surveys (DHS) conducted in Sub-Saharan Africa have
also detected similar socioeconomic disparities in overweight and obesity
prevalence. A recent study using DHS data from Ghana in 2014 found that 75.3%
of parous reproductive-aged women in the highest wealth quintile were either
overweight or obese (BMI >25.0kg/m?), compared to only 15.9% among those in
the lowest wealth quintile. Similarly, the prevalence amongst those with
secondary or higher education was 66.6%, compared to 27.5% among those with
no education®. Another study examining the socio-demographic correlates of
overweight and obesity (combined) using data from the 2011 Ethiopia DHS
identified double the prevalence of combined overweight and obesity among
reproductive-aged women in the highest wealth quintile, compared to the lowest®.
Using seven DHS surveys between 1992 and 2005 to examine trends in the
association of overweight and obesity with socioeconomic status in sub-Saharan
Africa, Ziraba et al (2009) concluded that the odds of overweight and obesity was
consistently higher among the urban rich population relative to the urban poor in
all surveys (irrespective of whether household wealth or educational attainment
was the exposure of interest), however the extent of the higher odds decreased

over time?.

Similar results have been found using different measures of SEP, for instance
urban areas, compared to rural areas. Neuman et al (2013) conducted a study
investigating the association of BMI with urban/rural residence using 38 DHS
surveys between 1991 and 2010 and covering almost 700,000 women of
reproductive-age. Their results for LICs identified 1.5 times higher mean BMI in
urban areas compared to rural areas, which was fully accounted for after adjusting

for household SEPY.

2.1.1.2. Evidence from South Asian studies

A number of studies focused on South Asia have also investigated the association
of overweight and obesity with SEP. A study in Bangladesh found an 8.1 times

higher prevalence of combined overweight and obesity between 2000 and 2004

38



among rural women with higher education compared with women with no formal
education®. Another study using the Bangladesh DHS in 2004 found 1.7 and 2.4
times higher odds of overweight and obesity (relative to normal weight),
respectively among high, compared to low, socioeconomic status women®’. A
more recent study, using five pooled Bangladesh DHS surveys from 1999 to 2014,
found a 5.6 times higher risk of obesity and 2.3 times higher risk of overweight
(reference: normal weight) among urban women from the highest wealth quintile,
compared to the lowest. In rural areas, the investigators found 7.9 times higher
odds of obesity and 3.4 times higher odds of overweight between the highest and
lowest wealth quintiles®. Janjua et al (2015) identified a similar association in
Pakistan, where women from the highest wealth quintile had 6.8 times higher
odds of obesity compared to women in the lowest quintile’’. Using the Nepal DHS
from 2006, Balarajan and Villamor (2009) identified a 4 times higher prevalence
of overweight and obesity (combined) in the highest wealth quintile, compared to
the middle quintile, whereas no significant difference in combined overweight and
obesity prevalence was found at different levels of educational attainment.
Conversely, the authors found positive associations between SEP and combined
overweight and obesity in Bangladesh in 2004, irrespective of whether wealth
quintile or educational attainment was used as the primary socioeconomic

measure’’.

2.1.1.3. The changing association with economic development

Accompanying economic development, industrialisation and urbanisation, are
shifts in the association between SEP and overweight and obesity. Literature from
a number of transitioning LICs and LMICs have documented larger increases in
the prevalence of overweight and obesity among lower socioeconomic groups
compared to higher ones, leading to an attenuated positive association, and

crucially at a certain level of development, a switch to a negative association’**3,

A higher prevalence of combined overweight and obesity among women working

in higher occupational classes, compared to agriculture and production, was
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found in one study analysing this association in 33 LICs and MICs>*. The same
study however found larger increases in overweight and obesity prevalence
between 1992 and 2009 among the latter group™. Another study using
anthropometric and socioeconomic data from 39 LICs and MICs identified a
larger increase in the prevalence of combined overweight and obesity among low-
income, relative to high-income, women between 1991 and 2008°*°. Ziraba et al’s
(2009) study that investigated the trends in the socioeconomic patterning of
combined overweight and obesity in seven African countries also found that
despite a positive association, the increase in prevalence between 1992 and 2005
among poorer individuals (measured using household wealth and education) was
around 50%, compared to only 7% among the richest*. Monteiro et al (2004)
reported that the 1.6 times higher age-adjusted prevalence of obesity among the
richest 25% of Brazilians (measured by income), compared to the lowest, declined
to a prevalence ratio of one between 1975 and 1997; a period of considerable
economic development®. Large increases in the prevalence of excess weight
among low-income women has also been reported in Vietnam between 1992 and

2002, a period over which Vietnam’s economy doubled®’.

2.1.1.4. Differences in the association by sex

Literature has consistently reported that this changing association between
overweight and obesity, and SEP, is found to happen at lower levels of economic
development for women compared to men. A study investigating the
socioeconomic patterning of obesity in South Africa, a MIC, found that higher
SEP men have a higher risk of obesity compared to lower SEP men. On the other
hand, women of different SEPs did not differ in their risk of obesity®®. Similar
results have been found in Brazil, where the prevalence of overweight and obesity
has not been found to differ between women of different income quintiles*. In
Zhejiang, a province of China undergoing a socioeconomic transformation, high-
income men had a higher risk of obesity compared to low-income men. On the
other hand, higher SEP women had a lower risk of obesity compared to women

with lower SEP women®. Similar results were found by Zhang et al (2017) who
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reported a negative association between overweight and SEP among adult women
(measured by higher levels educational attainment) in Tianjin, China, whereas a
positive association was found among men®. Monteiro et al’s (2004) review
concluded that of the 13 papers that met their inclusion criteria (for instance,
inclusion was contingent on the study sampling both men and women, and being
conducted in a developing country), a positive association between SEP and
obesity was observed in seven of the studies on men, and no negative associations
were reported in any of the studies. On the other hand, among women, a positive
association was observed in two studies, whereas a negative association observed

in 10 of the 13 studies®.

2.1.1.5. Why is SEP positively associated with overweight and obesity in LICs and some
MICs?

The demographic transition (where a society transitions from having high fertility
and mortality to low fertility and mortality), and the epidemiological transition
(characterised by a transition from a high prevalence of infectious diseases to
NCDs) are both accompanied by a concurrent nutrition transition®®**, Simply,
urbanisation and increased incomes that accompany economic growth is
associated with a reduced intake of carbohydrates and fibre, whilst consumption
of fats and sugars increase® . However, although all countries are expected to
progress through the nutrition transition, the cheaper cost of oils and fats in a more
economically interdependent world, in addition to rapid rates of urbanisation, has
meant that LICs are experiencing the nutrition transition at lower levels of
aggregate economic development than countries that transitioned previously®'.
Shifting patterns of consumption in India are particularly characterised by
increased intake of sugary foods and dairy products, an issue initially affecting

high-income rural residents, and urban residents®.
The reasons driving this socioeconomic disparity in overweight and obesity are

not well explored. However, consistent with the theories around food availability

and urbanisation in developing countries, papers reviewing the socioeconomic
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patterning of overweight and obesity have suggested that lower SEP individuals
are protected from excess weight due to an inability to meet nutritional
requirements. On the other hand, the relatively cheap prices of fatty, energy-dense
foods for higher SEP individuals enables them to surpass their nutritional needs

in environments characterised by relative food scarcity>****.

Other theories suggested to explain why the poor are protected against overweight
or obesity include an increased likelihood of working in manual labour, with
relatively high energy expenditure®®*24!43476568 'On the other hand, for higher SEP
individuals, higher education among can improve both employment opportunities
and opportunities for autonomy which can lead to less physical activity and

increased consumption of fatty foods®>®’.

These mechanisms have been explained to happen at times when there are

generally favourable impressions of larger body sizes in LICs**

which may
encourage excess food consumption among higher SEP individuals. Fernald
(2009) reports evidence of this phenomenon across number of middle-income
countries®”. Additionally, Holdsworth et al (2004) also found, in a study among
urban Senegalese women, that overweight was considered as a positive and

30,71

desirable body size

2.1.2. Association of overweight and obesity with SEP in HICs

2.1.2.1. Evidence from international studies
In contrast to the positive association between overweight and obesity and SEP in
societies at early stages of economic development, in HICs overweight and obesity

is associated with a lower SEP3%32%941,

Nationally-representative data from three birth cohorts (1946, 1958 and 1970) in
the United Kingdom, has been shown to find evidence of a higher mean BMI
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(consistently above the BMI threshold for overweight classification) among
individuals in the lowest occupational social class, compared to the highest, in all
of the waves analysed. Additionally, a continuing divergence in mean BMI over
time between the highest and lowest occupational social classes among women
has been documented””. In Organisation for Economic Cooperation and
Development (OECD) countries, lower rates of education have been found to be
strongly associated with higher rates of obesity. One study using national health
surveys from 11 OECD countries found absolute differences in the obesity
prevalence between the highest and lowest educational group as high as 18.3%
points and 18.9% points, among Hungarian and Spanish women, respectively.
The authors further concluded larger inequalities among women compared to

men”’.

Using the Centers for Disease Control and Prevention’s (CDC) Behavioural Risk
Factor Surveillance System data between 1995 and 2008, a study investigating the
effect of socioeconomic factors on obesity in Southern States in the US have
identified positive independent associations, in all states, between the overall
obesity rate and the percentage of people living below the poverty line, the
percentage receiving food stamps, the unemployment rate, and the income level.
The authors further concluded that higher BMI was driven by economic factors,
in addition to consumption of, and expenditure on, low-quality foods™. Another
study identified a three-times higher odds of obesity among adult German women
in the lowest income bracket (relative to the highest), and 1.7 times higher odds of

obesity among women in the lowest educational group (relative to the highest)”.

Another European-focused study, using cross-sectional data on over 3000 middle-
aged and elderly men, identified a significantly higher odds of having a large waist
circumference (WC) - used sometimes to measure obesity - among men with
below high school education relative to those with college education, and that

both smoking, and physical inactivity predicted large WC™.
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2.1.2.2. Why is SEP negatively associated with overweight and obesity in HICs?

In HICs, affording a healthy low-calorie diet has been found to be a more pressing
concern than food scarcity, among lower SEP individuals®. For instance, one
study has reported that in rural South Africa, healthy food choices cost 30% more
per month than an average diet for a five-person household’”’. Another study has
reported socioeconomic inequalities in the energy cost of foods purchased in
supermarkets in the United States, and found that being from a lower SEP, defined
by education and household income, is associated with purchasing cheap high-
calorie foods with high fat content”. In their review on the association between
obesity, quality of diet and food costs, Drewnowski and Specter (2004) not only
reported a negative association between affluence and rates of obesity, but that
this may be associated with the low cost of energy-dense foods that are relatively
affordable to lower SEP individuals™. Such assertions are supported by a report
by the European Commission which stated that in the European Union, up to
60% of manual workers and 57% of unemployed people struggle to afford healthy
diets®. The increasing affordability of high-energy diets along with media and 