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Abstract

Objective—This systematic examination and meta-analysis examined the scope and variation of
the worldwide double burden of diseases and identified related socio-demographic factors.

Design—We searched PubMed for studies published in English from January 1, 2000, through
September 28, 2016, that reported on double disease burden. Twenty-nine studies from 18 high-,
middle- and low-income countries met inclusion criteria and provided 71 obesity-undernutrition
ratios, which were included in meta-regression analysis.

Results—All high-income countries had a much higher prevalence of obesity than undernutrition
(i.e., all the obesity/undernutrition ratios > 1); 55% of the ratios in lower-middle-and low-income
countries were < 1, but only 28% in upper-middle-income countries. Meta-analysis showed a
pooled obesity-undernutrition ratio of 4.3 (95% CI = 3.1-5.5), which varied by country income
level, subjects’ age, and over time. The average ratio was higher in high- rather than in lower-
middle and low-income countries (B [SE] = 10.8 [2.6]); in adults vs. children (7.1 [2.2]), and in
data collected since 2000 vs. before 2000 (5.2 [1.5]; all p values < 0.05).
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Conclusions—There are considerable differences in the obesity vs. undernutrition ratios and in
their prevalence by country income level, age groups, and over time, which may be a consequence
of the cumulative exposure to an obesogenic environment.
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INTRODUCTION

The double burden of malnutrition is defined by the World Health Organization (WHO) as
the coexistence of undernutrition along with overweight/obesity or diet-related non-
communicable diseases (NCDs).! Several studies have examined this double burden,
especially in low- and middle-income countries. Most are based on data from cross-sectional
surveys or country-level aggregating statistics dating from the early 2000s.2-° In general, the
studies indicate that a double burden is not exclusive to urban areas and those with high
income status, but also happens in rural areas and those with low income status.® 7
Economic development, poverty, urbanization, and lifestyle changes® are most commonly
suggested as reasons for this. This body of research is also pertinent to the developmental
origins of adult disease (e.g., the Baker hypothesis, metabolic programming, thrifty
phenotype, etc.),? which helps explain the coexistence of high-prevalence undernutrition and
obesity as well as lifestyle-related chronic diseases such as cardiovascular diseases and
diabetes.

The reported prevalence of undernutrition and obesity has varied considerably across
available studies, which may be due to the diverse study populations, study designs, outcome
measures, and analytic methods. There are very few systematic reviews examining the
diversity and range of the double burden of diseases and its variation by population
characteristics.”: 10 The present study is such an examination and meta-analysis, designed to
elucidate the degree of the worldwide double burden and its variations and to identify
attributable socio-demographic factors (e.g., subjects’ sex, age, country income level, and
secular trends).

METHODS AND MATERIALS

Literature Search Strategy

We searched PubMed for relevant articles published in English from January 1, 2000,
through September 28, 2016. We developed search strategies based on various combinations
of related key words for double burden, obesity, malnutrition, undernutrition, and nutritional
transition. The initial search yielded 700 publications, which led to 274 studies after
removing duplicates from multiple search results. A title and abstract screening was
performed to exclude irrelevant publications, which resulted in 219 studies. After two
coauthors performed a second round of full-text screening for eligibility, 29 final papers met
our inclusion criteria (see Appendix 1). These studies were from 18 high-, middle- and low-
income countries: Bangladesh (n = 2), Brazil (2), Chile (2), China (3), India (3), Indonesia
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(2), Iran (3), Mexico (2), and 10 other countries (one study each from Albania, Colombia,
Ecuador, Gambia, Guatemala, Libya, Nigeria, Peru, South Africa, and the USA).

Inclusion and Exclusion Criteria

Studies included in the review met the following inclusion criteria: a) published in English
and since 2000, b) reported both prevalence of malnutrition/undernutrition and overweight/
obesity or diet-related NCDs, c) original study, d) in the general population, ) focused on
one country or population, f) having a total number of study subjects > 5000, and g)
available in full text.

Studies were excluded if: a) no report on prevalence of malnutrition/undernutrition,
overweight/obesity, or diet-related NCDs, b) not an original study (review papers, using
aggregated data [from the United Nations (UN), WHO, etc.]), ¢) not using a general
population (refugees, island tribes, infants under 2 years old only, etc.), d) having mixed
countries or study samples, €) having a total study subject of < 5000, or f) full text was not
available.

Data Extraction

Data were extracted and arranged following PRISMA guidelines into standardized data
extraction form by two of our investigators. Information extracted included publication year;
study setting; country; study subjects’ demographics; source for classification of
underweight, overweight, and obesity; patterns of undernutrition, obesity, and diet-related
NCDs; and suggested driving force behind the double burden. Sex- and age-specific
undernutrition and obesity values were specifically abstracted unless the articles reported an
overall value for the whole study subject group. To maximize comparability, we chose the
values using overweight/obesity and underweight as the main outcomes in data extraction
rather than overweight, obesity, stunting, wasting, anemia, or other body compositions if a
study used multiple measures, since 82.8% of articles fit this description. If an article
reported outcomes in multiple years, we selected time points of up to four years with regular
intervals to ensure studies received balanced weights in meta-analysis.

Key Study Variables

The key outcome variables were (a) undernutrition and obesity/overweight prevalence as
reported in the articles and (b) our calculated obesity-undernutrition ratio (see below). Key
exposure variables included the study population’s characteristics, time span, country’s level
of economic development (income level), and world region.

1) Disease ratio of obesity and over-nutrition-related NCDs to undernutrition
(obesity-undernutrition ratio)—The majority of the 71 data points from 29 studies
reported underweight (76.1%), stunted (15.5%), and others (8.4%) as the measures of
undernutrition, and overweight/obesity (73.2%), obesity (18.3%), and overweight (8.5%) as
the indices of obesity. No study reported the prevalence of diet-related NCDs. To show the
coexisting disease burden of undernutrition and obesity, we calculated their ratio. Among 71
obesity-undernutrition ratios for various groups (by country, sex, age, and data collection
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year), the majority of the obesity-undernutrition ratio information (53.5%) was presented in
terms of the prevalence of overweight/obesity and underweight.

2) Country’s level of economic development and world region—The 18 countries
covered by these 29 studies were classified into three categories based on gross national
income (GNI) per capita, using the World Bank Atlas method for the 2017 fiscal year. High-
income countries were those with a GNI per capita of $12,476 or higher (Chile and the US);
upper-middle-income countries were those with a GNI per capita from $4,036 to $12,475
(Albania, Brazil, China, Colombia, Ecuador, Iran, Libya, Mexico, Peru, and South Africa);
lower-middle- and low-income countries had a GNI per capita of $4,035 or less
(Bangladesh, Guatemala, India, Indonesia, and Nigeria).11

In addition, these 18 countries were grouped regionally as Asia, Eastern Europe, Middle
East, Africa, North America, South America, Central America, or Oceania according to the
UN’s country grouping.12 We considered diversity of populations by world region of study
rather than by racial groups represented. This was because some countries have multiple
ethnic groups, but the information on racial composition reported in most studies was
limited.

3) Sex, age, and secular trends—To better attribute double burden estimates, papers
were categorized by sex as “male only,” “female only,” or “both/non-specific.” We examined
the relationships between age and data collection year with the obesity-undernutrition ratio
by nonparametric smoothing curve using the LOWESS method?3 and categorized age and
data collection year at the points of slope change into three age groups (below 9, between 9—
29, and above 30 years) and two data collection year groups (before 2000 and since 2000).
These age and data collection year categories were subsequently used in regression models
given their non-linear relationships with the obesity-undernutrition ratio.

Statistical analysis—First we examined the range of the prevalence and the obesity-
undernutrition ratios by study subject characteristics (i.e., sex, age) and by type of countries
(economic development level and geographic location).

In conducting a test for heterogeneity in our meta-regression analysis, we found strong
evidence of heterogeneity in the obesity-undernutrition ratio between studies (using the
“meta” command in STATA, Q = 39551.5, df = 70, p < 0.001; 12 = 99.8%). So meta-
regression models with random effects were conducted for analyzing the associations
between the obesity-undernutrition ratio and the study characteristics of interest. This
approach provided restricted maximum likelihood estimates of regression parameters, and
random effects allowed for the potential variations in the associations between the obesity-
undernutrition ratio and the study characteristics across the multiple studies. To give more
weight to study estimates with better precision (e.g., smaller standard errors, etc.), sample
size was considered relative to the weighting factor and used for meta-regression models
with random effects using the “metareg” command in STATA.

The meta-regression model with random effects was used to determine which factors
explained the heterogeneity. We included variables that had been suggested in the literature
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to be contributing factors to the heterogeneity of the double burden of diseases, such as age,
14 country income level,3 and secular trends.1® 16 Sex, study setting, and different types of
undernutrition and obesity measures did not have significant associations with the obesity-
undernutrition ratio.

The differences in pooled mean estimates of obesity-undernutrition ratios by country income
level were presented in separate forest plots. All analysis was performed using Stata Release
14 (College Station, TX). Statistical significance was set at P < 0.05.

Characteristics of studies

The 29 studies included were from 18 countries worldwide, which differed greatly. Ten
studies were conducted in Asia, seven in South America, four in Africa, three studies each in
the Middle East and Central America, and one each from North America and Eastern
Europe. Most studies were conducted in middle-income countries (n = 25, 86%), one in a
low-income country (Gambial?), and three in high-income countries (Chile,> 16 and the
USA18),

Table 1 summarizes the main characteristics and findings of the 29 studies, ordered by target
age group, world region (Asia, Middle East, Africa, Europe, and South/ Central/ North
America), country, and publication year. Study subjects’ age and sex composition varied.
Results were reported in 14 studies for children, in nine studies for adults, and six studies for
both children and adults. Seven studies included female adults aged 15 and above,
accounting for the child-bearing period.

All studies were based on a cross-sectional design (27 studies used national-level survey
data with health, nutrition, or education program perspectives). Data in studies were
collected from 1974 to 2012. No study examined the double burden within individuals
across the life-course. Six studies provided series of data by multiple years.

Findings of the double burden

The prevalence of obesity varied from 4.0% (for obesityl’) to 54.7% (overweight and
obesity19), while undernutrition (underweight) varied from 1.0%20 to 39.1%.21 The obesity-
undernutrition ratio ranged from 0.122 to 27.8.23 A few papers compared the undernutrition
and obesity status between age groups, male vs. female, urban vs. rural, slum vs. non-slum,
and over time as well. Young children were more likely to be at risk of undernutrition, while
adults had higher obesity prevalence (e.g., 13.2% of children aged < 5 were stunted in their
growth, while 51.2% of adults aged 18-64 were overweight or obese?4). Steep increases of
the obesity-undernutrition ratio were shown across age groups2% 21 25 (e.g., 5.0 in children
aged < 5 vs. 19.0 in adults aged 15-4920) and years of data collectionl® 16.23.25-27 (¢ 9. 0.6
in 1975 vs. 2.1 in 199727). However, one study had similar obesity-undernutrition ratios by
years among children younger than 5 years old.28 Obesity was more prevalent in urban and
high socio-economic status (SES) populations, while undernutrition was more prevalent in
rural and low-SES populations. The obesity-undernutrition ratio was higher in urban22: 29
(e.g., urban 1.4 vs. rural 0.9) and non-slum areas than the ratio in rural and slum areas.?!
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Figure 1 shows three major groups in the association between the prevalence of
undernutrition and obesity by country income level. First, studies from lower-middle- and
low-income countries had higher undernutrition, and data points were grouped in the right
side of the graph compared to those from upper-middle- and high-income countries.
Although data from lower-middle and low-income countries were scattered widely, the
majority of adult data tended to have higher obesity but lower undernutrition compared to
children.

Second, data from high-income countries had lower undernutrition than others, located on
the left side of the graph, but data points varied by obesity level, which was distinguished by
year of data collection (1987 to 2006). Studies with recent data had a higher prevalence of
obesity compared to others.

Finally, most data from upper-middle-income countries were between high- and lower-
middle- and low-income countries. The majority of adult data had lower undernutrition and
higher obesity and was thus positioned to the left side of the graph compared to children.

Pooled estimates of obesity-undernutrition ratio and its associated factors in meta-

analysis

The pooled obesity-undernutrition ratio was 4.3 (95% CI = 2.9-5.7), with significant
heterogeneity between studies from the meta-analysis of 71 data points from 29 studies. The
forest plots by country income level in Figure 2 indicated general patterns in the obesity-
undernutrition ratio by age group (adult/child), country, and over time. All high-income
countries had a much higher prevalence of obesity than of undernutrition (the ratio > 1
[Appendix 2]; pooled ratio = 7.1 (95% CI = 4.8-9.4); obesity-undernutrition correlation
coefficient r = —-0.61, p = 0.02); 55.0% of the data from lower-middle- and low-income
countries had a lower prevalence of obesity than undernutrition (the ratio < 1; r = -0.61, p =
0.002); while the ratios of upper-middle-income countries were between the two groups
(27.8% of data had the ratio < 1; r = -0.32, p = 0.05).

The obesity-undernutrition ratios among children, in Central/South America, and using
recent data were higher than those among with adults, in Asia and the Middle East, and
using older data in upper-middle-income countries (number of data points = 36 out of 16
studies). The obesity-undernutrition ratio varied from 0.31° to 27.8,23 and their pooled ratio
was 4.2 (95% CI = 1.7-6.7) in upper-middle-income countries.

Most of the obesity-undernutrition ratio in lower-middle- and low-income countries (22 data
points taken from 10 studies) were from Asian countries. Their ratio was generally ordered
by subject age. Children had a lower ratio than adults. The obesity-undernutrition ratio
varied from 0.122 to 19.0,20 and their pooled ratio was 2.8 (95% CI = 1.1-4.4) in lower-
middle- and low-income countries.

In the meta-regression model, the obesity-undernutrition ratio was significantly associated
with country income level, subject age, and over time (Table 2). The average obesity-
undernutrition ratio was significantly higher in the group aged 30 years and above compared
to those aged 8 years and below (p = 7.1, SE = 2.2, p < 0.01). Also, the ratio increased by
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country income level: low- and lower-middle-income countries had a 10.8 (SE = 2.6, p <
0.001) lower ratio and upper-middle-income countries had a 7.7 (SE = 2.2, p < 0.001) lower
ratio than high-income countries. The ratio using data collected since 2000 was 5.2 (SE =
1.5, p < 0.001) higher than that in previous years.

Factors associated with double burden of diseases worldwide

We gained insight into the driving factors behind the double burden of diseases from 29
studies. These studies discussed possible causes from three perspectives: lifestyle changes in
diets and physical activity, urbanization and economic development, and policy in individual
countries. In regard to lifestyle, researchers attributed the double burden to more sedentary
jobs and activities with computers and TV,2% 30 a decreased amount of physical activity due
to more automobile use and less walking,19: 22 28. 31-33 a5 wel| as diet shift including less
fruits/vegetables intake!® but increased carbohydrate/high-caloric-beverage

consumption2®: 28. 32 than before. As the effects of urbanization and economic development,
researchers noted the roots of the double burden lying in increased purchasing power along
with more capital-intensive agriculture28: 29. 31, 34 and cheap, energy-dense food production,
22,26 glongside increased food prices and food insecurity among the low-SES population
due to income inequality through urbanization.1”- 35 36 Studies suggested that educating
people for better health awareness,?! putting more focus on preventing obesity and related
chronic disease than on undernutrition,2%: 25 33. 37 and developing appropriate healthcare
structures in particular for low-SES populations through fortification, policy, and
government programs1®: 33. 38 would be beneficial to reduce the double burden of diseases.

DISCUSSION

Along with the spread of the obesity epidemic worldwide, in 2014 the WHO declared that
the double burden of diseases was an important public health issue. The double burden is
characterized by the coexistence of both undernutrition and obesity or diet-related non-
communicable chronic diseases. NCDs are responsible of two-thirds of the 57 million global
deaths annually, and about 80% of these are in low- and middle-income countries.? Several
studies have examined the double burden of diseases in low-and middle-income countries by
using data from cross-sectional surveys or using country-level aggregating statistics since
the early 2000s.39-41 However, the reported prevalence of undernutrition and obesity varied
considerably in these studies.

Our systematic review summarized the global double-burden of malnutrition in typical
patterns using an obesity-undernutrition ratio. All high-income countries had a higher
obesity prevalence than undernutrition; however, 55.0% of the data from lower-middle- and
low-income countries had a higher undernutrition prevalence than obesity; and upper-
middle-income countries were between the two groups. The pooled obesity-undernutrition
ratio was 4.3 (95% CI = 2.9-5.7) in the 29 studies from 18 countries, and the ratio varied by
country income level, age, and over time. The obesity-undernutrition ratio was significantly
lower in middle-income countries vs. high-income countries. In contrast, a higher obesity-
undernutrition ratio was found among 30-year-olds and older than among 8-year-olds and
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younger, as well as in studies using data collected since 2000 as compared to that before
2000 (p < 0.01).

According to a recent systematic analysis, the global overweight/obesity rate in 2013 was
estimated as 37.5% in adults and 13.2% in children.#2 Overweight/obesity rose by 27.5% for
adults and 47.1% for children between 1980 and 2013, and obesity is still more prevalent in
developed countries than in developing countries (e.g., obesity rate among adults in 2012 or
the nearest year: the United States—35.3%, Australia—28.3%, Canada—25.4%, the United
Kingdom—24.7%%3), although the age-standardized obesity prevalence in both regions has
been increasing.

On the other hand, low- and middle-income countries are experiencing the industrialization
and urbanization that drive the epidemic of NCDs, as well as facing the unfinished agenda of
combatting infectious diseases. Malnutrition and infection in early life may increase the risk
of NCDs in later life.3 For example, one review paper reported that 11 mega-countries (>
100 million inhabitants), which were mostly low- or middle-income countries, were facing
rapid epidemiologic, nutritional, and physical activity transitions because of changes in food
systems and unhealthy lifestyles along with urbanization. As an example of low-income
countries, Ethiopia and Nepal had an increased prevalence of overweight and a reduced
prevalence of underweight between the 1990s-2000s. In particular, the annualized change in
prevalence of overweight among women aged 19-49 was higher in urban than rural areas
(Ethiopia: 0.36 vs. 0.18, Nepal: 1.33 vs. 0.87)** based on data collected from nationally
representative samples, although the change in underweight was the same or smaller in
urban vs. rural areas. Regional differences within a low-income country are also important to
consider in the global double burden of diseases.

There are several possible interpretations of the significant heterogeneity in the magnitude of
the obesity-undernutrition ratio reported in this study based on subject age, country income
level, and over time. First, the higher obesity-undernutrition ratio among adults (= 30 years
old) vs. in younger groups, in more recent data (collected > 2000) vs. previous studies, and
in higher-income vs. lower-income countries may be a consequence not just of economic
developmental factors but also of the cumulative impact of longer exposure to an obesogenic
environment, which encourages people to eat unhealthily and not to exercise enough. Such
prolonged obesogenic exposure may create a more pronounced risk for obesity in adults,
45,46 thus increasing the ratio.

In addition, we found that North, South, and Central American countries reported higher
obesity-undernutrition ratios than other regions. The prevalence of overweight/obesity was
highest in the Americas (62% for overweight in both sexes, and 26% for obesity) and was
the lowest in South East Asia (14% overweight in both sexes, and 3% for obesity).*
Increased urbanization may lead to the integration of a region into international markets and
reduce the consumption of traditional dishes based on cereals, legumes, fresh fruits and
vegetables, while increasing the consumption of ultra-processed products with high amounts
of sugars, salt, and fats—a “westernized diet.”8: 49 Over the past decade, fast-growing
economies buoyed by a commodities boom, including countries such as Mexico, Colombia,
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and Brazil, have seen a rising middle class that has consumed more processed food and has
had an increasingly sedentary lifestyle.50: 51

The well-documented lifestyle changes regarding food consumption and physical activity, as
well as urbanization, economic development, and health policy in many countries have
contributed to the double burden. This is relevant to the recent conclusions of a WHO
International Agency for Research on Cancer (IARC) Expert Panel. They examined and
reported on the evidence regarding energy balance and obesity, with a focus on low- and
middle-income countries.52 Poor-quality diet and unbalanced energy intake could cause the
coexistence of undernutrition and over-nutrition. Educational interventions and policies to
improve health awareness and limit consumption of sugar-sweetened beverages and high-
calorie-dense foods are desired to prevent a higher double burden in the future.

Beside its strengths, this study has some limitations. First, most identified studies were
conducted in middle-income countries, and very few studies were from high-income
countries, so the latter study samples might not be representative. This is due to the fact that
undernutrition is not a major concern in high-income countries. Second, we could not
investigate the effects of population SES on the obesity-undernutrition ratio since the studies
either did not include SES measures or they used different SES measures (e.g., education
level, residence area, etc.). Third, many studies are cross-sectional studies. Future research
should use longitudinal data to examine changes over time in diverse groups regarding the
double burden of diseases and its associated factors. Defining the relationship between
health policies and disease prevention programs in promoting healthy lifestyles would help
fight the double burden of diseases, especially among the countries undergoing rapid social
transitions.

CONCLUSION

Many of the studies we identified have reported the coexistence of undernutrition and
obesity in middle-income countries, but the obesity-undernutrition ratios have differed
considerably by country economic development levels, age groups, and over time. Higher
obesity-undernutrition ratios were found in adults, in high-income countries, and in studies
using more recent data. Further research is needed to better understand the contributions of
various factors to the double disease burden, especially since limited research has been
conducted using longitudinal data and in low-income countries. National policies and
intervention programs are needed to address the challenges, especially in those countries
facing rapid social economic transitions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Double burden of undernutrition and obesity in 18 countries by country economic
development level: coexistence of undernutrition and obesity
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A. Upper-middle-income countries (ND = 36)
Under %
Author Country MeaN  SeX . pition Obesity ES(95% Cl) Weight
aelyr) (%) (%) (%)
Freire et al, 2014 Ecuador 3 M&F 253 86 - | 034 (-0.79,1.47) 278
Samniento et al., 2014 Colombia 3 M&F 132 52 g : 039 {-041,1.20) 279
Zhang et al., 2016 China 9 M&F 266 143 —— | 050 (-1.76, 2.76) 274
Kroker-Lobos et al., 2014 Mexico 25 M&F 155 83 - ! 054 {-068,1.75) 278
Monteiro et al., 2004 Brazil 50 F 127 74 . d : 058(012,1.05) 2380
Kroker-Lobos et al., 2014 Mexico 25 M&F 136 9 ksl | 066 (-037,1.70) 279
Zhang et al., 2016 China 9 M&F 173 127 —_——— : 070(-1.76,3.16) 273
Rahmanian et al., 2014 Iran 14 M 20 165 ——— | 082(-1.29,2.94) 274
Zhang et al., 2015 China 125 E 161 128 gl ! 085{011,1.58) 279
Motlagh et al., 2011 Iran 6 M&F 191 162 L ] : 085{073,0.96) 2380
Rahmanian et al., 2014 Iran 14 F 15 166 s ! 111{-102,3.23) 274
Xuetal, 2015 China 49 F 109 144 = : 132 (056, 2.09) 279
Monteiro et al., 2004 Brazil 50 F 66 123 & | 186 (140,2.33) 280
Zhang et al., 2017 China 9 M&F 78 148 ——O—IL 180 (-1.10, 4.90) 269
Kelishadi et al., 2015 Iran 12 M&F 98 196 - 200(130,2.70) 279
Monteiro et al ., 2004 Brazil 50 F 6 127 * | 212(165,258) 2380
Xuetal, 2015 China 49 M 72 16 ol : 222{143,3.01) 279
Loret de Molaetal., 2014 Peru 3 M&F 5 112 * | 224 (182, 266) 280
Zhang et al., 2015 China 125 M 98 227 =3 : 232(158,3.05) 279
Conde et al., 2014 Brazil 50 E 116 269 L 2 232(203,2.61) 2380
Conde et al., 2014 Brazil 50 M 77 119 e | 232(203,2.62) 2380
Loret de Molaetal., 2014 Peru 3 M&F 41 97 * : 237(194,2.79) 280
Flores et al., 2009 Mexico 8 M&F 988 252 - | 255(140,3.69) 278
Armstrong et al., 2016 South Africa 95 M&F 58 154 E : 270(165,3.75) 279
Loret de Mola et al., 2014 Peru 3 M&F 53 148 L2 279(237,3.21) 280
Zhang et al., 2018 China 9 M&F 45 146 ] 320(-0.10, 6.50) 267
Kroker-Lobos et al., 2014 Mexico 8 M&F 101 348 -0-: 345(258,4.31) 279
Freire etal., 2014 Ecuador 305 F 154 547 - 355(278,4.33) 279
Adel et al., 2008 Libya 25 M&F 43 162 - 3.77(231,5.23) 200
Kroker-Lobos et al., 2014 Mexico 8 M&F 69 344 4-0- 499(415,5.82) 279
Freire et al, 2014 Ecuador 8 M&F 35 304 | - 869 (769,9.68) 279
Hyskaetal., 2014 Albania 85 F 19 188 : —— 989 (788,11.91) 275
Conde et al., 2014 Brazil 50 F 36 48 1 L ] 13.33 {1299, 13.68) 2.80
Hyskaetal A 2014 Albania 85 M 15 243 : —— 16.20 (14.25,18.15) 275
Samiento et al., 2014 Colombia 41 M&F 28 512 | ® 1829 (1793, 18.64) 2.80
Conde et al., 2014 Brazil 50 M 18 5041 | @ 27.83(2749,28.18) 280
Overall {l-squared = 99.9%, p = 0.000) o 422(171,6.72) 100.00
NOTE: Weights are from random effects analysis :
I |
-282 0 282
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B. Lower-middle- and low-income countries (ND = 22)

Page 15

%
Author Country Mean  Sex Etnrlijt?t;n Obesity ES (95% Cl) Weight
age(v) (%) (g (%)
Shafique et al., 2007 Bangladesh 30 F 388 4.1 L ] i 0.11(-0.11, 0.32) 475
Sandjaja et al., 2013 Indonesia 6.5 M&F 289 5 —— : 017 (-1.57, 1.91) 452
Gaur et al., 2012 India 195 F 391 75 —_— : 0.19 (-1.66, 2.04) 449
Sande et al., 2001 Gambia 48 M&F 179 4 —— : 0.22(-1.23, 1.68) 4.59
Shafique et al., 2007 Bangladesh 30 F 29.7 9.1 - : 0.31(-0.23, 0.84) 473
Gaur et al., 2012 India 195 F 25 1 —— : 0.34 (-1.47, 2.15) 4.50
Subramanian et al., 2007  India 32 F 321 123 L4 : 0.38(-0.00, 0.77) 4.74
Gaur et al., 2012 India 295 F 181 7 —.—: 0.39 (-1.64, 241) 444
Sengupta et al., 2015 India 32 F 3.8 185 L d : 0.52(0.16, 0.87) 4.74
Sandjaja et al., 2013 Indonesia 6.5 M&F 192 10.7 —-.—: 0.56 (-1.26, 2.37) 450
Sengupta et al., 2015 India 32 F 323 241 L i 0.75 (040, 1.09) 474
Vaezghasemi et al., 2014 Indonesia 40 M&F 20 17 = : 0.85 (0.09, 1.61) 4.71
Kamal et al., 2015 Bangladesh 32 F 242 292 - : 1.21(0.37, 2.04) 469
Vaezghasemi et al., 2014 Indonesia 40 M&F 18 25 - : 1.39 (0.68, 2.10) 4.71
Kandala et al., 2015 Ngeria 32 F 12 209 '.-: 1.74 (1.10, 2.38) 472
Gaur et al., 2012 India 295 F 156 31.9 —.:— 2.04 (0.13, 3.96) 447
Gaur et al., 2012 India 395 F 1.7 38.6 + 3.30 (1.05, 5.55) 437
Ramirezzeaet al., 2014  Guatemala 3 M&F 1 5 : 5.00 (4.33, 5.67) 471
Gaur et al., 2012 India 47 F 94 494 —;—.— 5.26 (1.30,9.21) 375
Gaur et al., 2012 India 395 F 7 47.5 : 6.79 (4.76, 8.81) 444
Gaur et al., 2012 India 47 F 45 529 : 11.76 (8.38, 15.13)  3.98
Ramirezzea et al., 2014  Guatemala 32 F 26 495 : -~ 19.04 (18.37,19.71) 4.71
Owerall (I-squared = 99.3%, p = 0.000) 0 276 (1.09, 4.43) 100.00
1
NOTE: Weights are from random effects analysis :
I I
-19.7 0 19.7

Figure 2.

Comparing meta-analysis results of reported obesity-undernutrition ratio in middle- and low-

income countries

A. Upper-middle-income countries (ND = 36)

B. Lower-middle- and low-income countries (ND = 22)
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Table 2

Results of meta-regression analysis: Economic and socio-demographic factors associated with the obesity-
undernutrition ratios based on reported prevalence in 29 studies

Predictors Beta Standard Error  p value
Sex

Male (ref, ND = 11)

Female (ND = 31) =177 1.96 0.37

Male and Female (ND = 29) 1.24 2.15 0.56
Age group

< 8 years old (ref, ND = 27)

9-29 years old (ND = 18) 1.97 1.89 0.30

= 30 years old (ND = 26) 7.09 2.15 0.002

Country income level
High (ref, ND = 13)

Upper-middle (ND = 36) -7.67 2.18 <0.001

Lower-middle and low (ND = 22) -10.78 2.59 <0.001
Time trend

Data collection before 2000 (ref, ND = 18)

Data collection since 2000 (ND = 53) 5.24 1.53 <0.001

ND: number of data points.

*
71 data points from 29 studies were analyzed using a Stata “Metareg” command with dummy variables of age group, sex, country income level,
and secular trend.

Age, country income, and secular trend were categorized at the points of slope change into two/three groups. These categories were subsequently
used in regression models given their non-linear relationship of age with the obesity-undernutrition ratio.
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Table 3

Suggested factors contributing to double burden of disease worldwide *

Page 20

Categories Examples and related studies Countries Number of
studies
Lifestyle changes in diets and physical . Lack/decreased/low level of physical activity China, 9
activity . . Bangladesh,
. High use of computer/TV; sedentary jobs Ecuador,
. Diet shifts: high access to high-energy-dense foods, mi?ce‘f |:;F1},elrr§n,
high intake of calories, carbohydrates, and sugar- ’
sweetened beverages; low consumption of fresh
fruits/vegetables
Urbanization/Economic development . Labor-saving technology from urbanization Bangladesh, 11
Brazil, China
. Urbanization causing low fruit/vegetable production  Gambia, India,
and poor diet Indonesia, Peru,
. Female schooling increasing incomes Vietnam
. Improved economic status and purchasing power
used for energy-dense foods intake
. High maldistribution of food through income
inequality: overconsumption by wealthy vs. food
insecurity in poor
. Inadequate coverage/assistance for the poor, along
with economic development
Policy . Inappropriate government policies and programs on  Albania, 6
food consumption and food fortification Ecuador
i Guatemala,
. Undesirable healthcare system Iran, Mexico
. Lack of educational interventions that stress good
nutrition, physical activity, or preventing obesity/
overweight
. Lack of policies/ programs to address the double
disease burden, but mainly programs addressing
undernutrition, poverty, and/or food insecurity
. Primary health care services lack nutritionists
Other . Low health awareness India 1

*
Results were based on the 29 studies we reviewed.
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