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Cardiovascular diseases are among the leading
causes of death in low- and middle-income
countries (LMICs),1 where mortality from such
diseases has been increasing and is expected to
continue doing so until 2030.2 In parallel to
this trend, there has been an increase in
average body mass index (BMI; defined as
weight in kilograms divided by the square of
height in meters) in most regions of the world.3

With population-based studies indicating a U-
or J-shaped relation between BMI and cardio-
vascular disease mortality,4,5 these shifts in
BMI may increase the proportion of the pop-
ulation at greatest risk for cardiovascular dis-
eases. As such, increases in BMI may contribute
to escalating cardiovascular disease mortality
in LMICs,6 highlighting the need for under-
standing BMI patterns and predictors.

Comparative longitudinal data that can be
used to monitor BMI changes (often expressed
according to prevalence of underweight, over-
weight, and obesity) across LMICs are scant;
however, existing data suggest that the prevalence
of underweight has decreased, the prevalence of
overweight and obesity has increased, and, in
general, there is a greater burden of overweight
than underweight in most LMICs, particularly in
urban areas.7---9 Shifts in the key determinants of
weight, including diet and physical activity, are
hypothesized to influence these patterns.3 Major
changes in global dietary consumption have
increased per capita food intake in LMICs, as well
as the proportion of people’s daily diet derived
from energy-dense and fatty foods.3,10---12 Al-
though cross-national and longitudinal data on
physical activity are limited, available evidence
suggests that forms of transportation, employ-
ment, and leisure activities have become more
sedentary and may contribute to changing pat-
terns of weight at the population level.13,14

Macrolevel economic factors, including eco-
nomic development, urbanization, foreign

investment, and trade liberalization, are hy-
pothesized to drive shifting patterns of dietary
composition, physical activity, and other de-
terminants of nutritional outcomes.3,15 Eco-
nomic growth and attendant increases in per
capita income, for example, are associated with
increased consumption of energy-dense
foods,16 and recent cross-national analyses
suggest that economic development is associ-
ated with a faster rate of growth in the
prevalence of overweight among lower-income
groups in LMICs.17,18 Urbanization is hypothe-
sized to increase access to processed diets,
reduce opportunities for physical activity, and
expose residents to food marketing, thereby
promoting a more sedentary lifestyle associ-
ated with less energy expenditure and greater
caloric intake.15

The influx of foreign direct investment (FDI),
defined as investments by an enterprise in
one country intended to acquire a lasting

management interest in an enterprise operating
in a foreign economy, represents one mecha-
nism through which transnational corporations
enter into new markets. FDI inflows are, along
with greater openness to trade,19 hypothesized
to be a key element in reshaping the global
market for food, particularly in LMICs, by
threatening traditional modes of agricultural
production and facilitating the processing, dis-
tribution, and marketing of lower-cost,
energy-dense food.20,21

Despite the potential role that these
macrolevel economic factors may play in
shaping the epidemiological pattern of diet,
behavior, and weight in LMICs, few empirical
studies have investigated the relation between
contextual factors and individual weight. A
limited number of ecological studies have been
conducted,9,22 but their results cannot be used
to draw inferences about health at the indi-
vidual level. Furthermore, the social patterning
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of diet and physical activity according to area of
residence (urban or rural) and gender suggests
that the macrolevel factors posited to drive
changes in weight may have distinct implica-
tions for particular groups of individuals,23,24

and ecological studies cannot assess whether
associations between macrolevel economic
characteristics and weight vary according to
such individual-level characteristics.

We used data from a sample of approxi-
mately 200 000 adults from 40 LMICs to
describe the ecological associations between
macrolevel economic factors hypothesized to
drive changes in determinants of weight
(i.e., economic development, urbanization, FDI,
trade liberalization) and average BMIs across
countries and examine the association between
macrolevel characteristics and the probability
at the individual level of underweight and
overweight or obesity relative to normal
weight. We also assessed cross-level interac-
tions of macrolevel factors with gender and
area of residence.

METHODS

The World Health Survey (WHS) was car-
ried out in 2002---2003 in 70 countries across
all continents and levels of development to
provide comparable cross-national measures of
population health, health services, and other
health system activities. The sampling frame for
these nationally representative surveys in-
cluded 100% of the eligible population in each
surveyed country. A probability sampling de-
sign was used to select individual respondents.
In most countries, multistage cluster sampling
was used to randomly select private house-
holds for interviews. Resident adults aged 18
years or older were eligible to be interviewed;
a Kish table was used to select a respondent
from each household to complete the individ-
ual interview. The WHS has been used exten-
sively for making cross-national comparisons of
population health, including weight.25---29 Fur-
ther details are available elsewhere.30,31

We used the World Bank income classifica-
tions for low- and middle-income countries
(those with gross national incomes of $12 195
or below) to identify 43 LMICs from the 70
WHS countries; we excluded 3 countries with
missing information on the macrolevel charac-
teristics of interest or missing probability of

selection weights for all respondents. The
average response rate across the 39 countries
with available data on response rate (these data
were not reported for Bosnia and Herzegovina)
was 96.09%. We restricted our analyses to
adults between the ages of 18 and 65 years.

Measures

We used self-reported height and weight to
calculate BMI and weight status. BMI was used
to classify respondents as underweight (BMI <
18.5), normal weight (BMI = 18.5---24.9), or
overweight---obese (BMI ‡25.0; hereafter re-
ferred to as “overweight”) according to the
World Health Organization’s classification sys-
tem.32

Data were collected on respondents’ demo-
graphic characteristics (e.g., sex, age, marital
status), and interviewers recorded information
on area of residence (urban or rural) at the time
of the assessment. We measured socioeco-
nomic status (SES) according to respondents’
years of educational attainment, split into
country-specific tertiles for our analysis. We
used the approach developed by Ferguson
et al.33 to estimate country-specific household
permanent income; this approach assumes that
SES is a latent variable that can be estimated on
the basis of ownership of assets (e.g., radios,
televisions, cars), access to services (e.g., elec-
tricity, running water, sewerage), and known
predictors of income (e.g., age and education),
in this case via a dichotomous hierarchical
ordered probit model. This method has been
used in prior WHS analyses34,35 as well as
other investigations,36 and validation studies
show moderate to high correlations between
estimated income and reported household in-
come.33We split household permanent income
into country-specific quartiles for our analysis.

Measures of health status included overall
self-rated health (categorized as good to excel-
lent, moderate, or bad to very bad) and the
extent to which respondents reported difficulty
moving around in the preceding 30 days
(categorized as no to mild difficulty, moderate
difficulty, or severe to extreme difficulty). We
measured whether the respondent was a cur-
rent smoker of any tobacco products.

At the country level, we used information
from the World Bank’s World Development
Indicators database for the year 2000 to
measure levels of economic development,

urbanization, and FDI.37 We assessed eco-
nomic development according to per capita
gross domestic product (GDP), converted to
international dollars (via purchasing power
parity rates) and mean centered for our multi-
variable analyses. Urbanization was measured
according to the percentage of a country’s
population living in urban areas, as defined by
national statistical offices; this variable was
also mean centered for our analyses. We
measured FDI inflows as a percentage of GDP,
a common measure of level of FDI penetra-
tion,19,38 and standardized these data as z scores
so that higher values reflected greater FDI.

Trade liberalization was measured accord-
ing to countries’ mean tariff percentage aver-
aged over the years 1990 to 1999, a common
measure of openness to trade; these data were
based on calculations by Wacziarg and
Welch39 and derived from the United Nations
Conference on Trade and Development, the
World Bank, and the World Trade Organiza-
tion. The average tariff was unavailable for 5
countries, and in these cases we substituted the
mean tariff for the year most proximate to
1995 from the World Development Indicators
database.37 Mean tariffs were standardized as z
scores and reverse coded so that higher values
reflected greater openness to trade.

Statistical Analyses

Approximately 38% of the participants were
missing data on at least one individual-level
covariate, raising concerns that a complete-case
analysis would introduce selection bias. We
used multiple imputation, which has been
demonstrated to reduce bias and improve
efficiency relative to listwise deletion, for
these missing data.40,41 Imputation was carried
out in Amelia II, which imputes data via a
bootstrapping-based expectation maximization
algorithm under the assumptions that data are
missing at random and complete data are in
multivariate normal form.42,43 We used avail-
able information on health and sociodemo-
graphic covariates to produce 10 imputed
data sets.

We calculated country-specific mean BMIs
for men and women and used random
effects meta-regression analyses to assess the
unadjusted ecological associations between
macrolevel factors and male and female mean
BMIs across countries. These models, run via
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TABLE 1—Response Rate, Sample Size, and Weighted Mean Body Mass Index by Region and Country: 40 Low- and Middle-Income Countries

Included in the World Health Survey, 2002–2003

Region and Country

Response

Rate, %a
Sample

Size, No.

Total, Weighted

Mean BMI (SE)

Men, Weighted

Mean BMI (SE)

Women, Weighted

Mean BMI (SE)

Africa

Burkina Faso 98.75 4538 20.87 (0.12) 21.00 (0.15) 20.76 (0.18)

Chad 97.20 4305 24.07 (0.12) 24.00 (0.15) 24.14 (0.16)

Congo 98.18 2376 23.46 (0.17) 23.23 (0.21) 23.68 (0.24)

Cote D’Ivoire 99.22 3023 23.17 (0.09) 23.06 (0.11) 23.33 (0.15)

Ethiopia 98.92 4645 21.01 (0.10) 21.01 (0.11) 21.01 (0.16)

Ghana 96.70 3541 22.72 (0.09) 22.18 (0.12) 23.24 (0.13)

Kenya 95.85 4009 22.59 (0.13) 21.79 (0.17) 23.36 (0.18)

Malawi 96.06 4866 23.56 (0.08) 23.78 (0.12) 23.35 (0.10)

Mali 84.80 3485 20.67 (0.14) 20.71 (0.17) 20.64 (0.21)

Mauritania 98.74 3527 23.48 (0.13) 22.69 (0.19) 24.22 (0.17)

Mauritius 98.08 3538 23.63 (0.10) 23.52 (0.12) 23.75 (0.14)

Namibia 98.65 3911 23.06 (0.12) 22.94 (0.18) 23.16 (0.16)

Senegal 90.06 2812 22.72 (0.15) 22.22 (0.17) 23.19 (0.23)

South Africa 90.02 2241 24.14 (0.16) 24.07 (0.19) 24.22 (0.22)

Swaziland 98.26 2816 25.82 (0.16) 25.57 (0.25) 26.02 (0.22)

Zambia 93.92 3586 22.29 (0.11) 22.23 (0.17) 22.36 (0.16)

East Asia and the Pacific

China 99.97 3487 21.93 (0.07) 22.08 (0.10) 21.79 (0.11)

Lao People’s Democratic Republic 91.42 4628 21.36 (0.05) 21.47 (0.07) 21.24 (0.07)

Malaysia 99.08 5602 23.64 (0.08) 23.56 (0.12) 23.72 (0.11)

Philippines 99.95 9458 21.95 (0.05) 21.98 (0.08) 21.92 (0.08)

Europe and Central Asia

Bosnia and Herzegovina . . . 839 24.58 (0.16) 24.84 (0.25) 24.33 (0.21)

Georgia 98.92 2108 25.06 (0.10) 25.46 (0.14) 24.70 (0.15)

Kazakhstan 99.93 4250 24.62 (0.11) 24.53 (0.18) 24.70 (0.13)

Latvia 93.96 630 25.26 (0.21) 25.07 (0.27) 25.43 (0.30)

Russia 99.91 3229 25.46 (0.17) 25.16 (0.18) 25.64 (0.25)

Turkey 97.46 10 035 24.90 (0.07) 24.89 (0.09) 24.91 (0.10)

Ukraine 89.19 2025 25.13 (0.14) 24.96 (0.19) 25.28 (0.19)

Latin America and the Caribbean

Brazil 100.00 4475 24.36 (0.08) 24.56 (0.10) 24.17 (0.11)

Dominican Republic 94.33 4031 24.60 (0.12) 24.72 (0.16) 24.47 (0.17)

Ecuador 82.20 4167 24.43 (0.11) 24.43 (0.15) 24.43 (0.14)

Mexico 99.67 34 501 25.31 (0.04) 25.18 (0.06) 25.43 (0.06)

Paraguay 97.21 4668 24.56 (0.08) 24.87 (0.10) 24.25 (0.12)

Uruguay 99.73 2494 25.03 (0.10) 25.48 (0.13) 24.59 (0.16)

Middle East and North Africa

Morocco 89.44 4099 23.73 (0.13) 23.23 (0.17) 24.22 (0.19)

Tunisia 99.04 4436 23.96 (0.08) 23.73 (0.09) 24.19 (0.12)

South Asia

Bangladesh 93.67 5225 21.86 (0.09) 21.57 (0.12) 22.16 (0.17)

India 97.06 9158 20.24 (0.07) 20.38 (0.09) 20.10 (0.11)

Nepal 98.51 8057 21.81 (0.08) 21.50 (0.10) 22.13 (0.13)

Pakistan 94.28 5808 22.98 (0.10) 22.94 (0.13) 23.02 (0.16)

Sri Lanka 99.07 6169 21.12 (0.08) 21.18 (0.10) 21.06 (0.12)

Note. BMI = body mass index. The sample size was n = 200 796.
aNumber of individual interviews completed or partially completed divided by number of individuals selected.
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the Metafor package in R,44 were weighted
by the inverse of the standard error of the
gender-specific mean BMI for each country.

We used multinomial regression models with
a logit link function to assess the adjusted
multilevel relations between our individual- and
country-level covariates of interest and the odds
of underweight and overweight relative to
normal weight within each of the 4 strata
defined by gender (male---female) and residence
(urban---rural). We included a random intercept
to account for within-country clustering. All
analyses were weighted by the WHS individual
probability of selection weights. The Mplus
statistical software package (Muthén and
Muthén, Los Angeles, CA) was used to estimate
multilevel models.

RESULTS

Table 1 shows, for each country, weighted
mean BMIs for the overall sample and for men
and women. There were substantial variations
in weight status across LMICs. Mean BMIs were

lowest among Asian countries, with India having
the lowest mean BMI (20.24). Conversely,
average BMIs were highest in countries in
Europe and Central Asia, Latin America, and
the Caribbean. Sample characteristics are shown
in Table 2. Across countries, the mean GDP per
capita (in current international dollars) was
$3448 (SD = 2711.49), the mean percentage of
the population residing in urban areas was
43.68 (SD = 19.26), the mean FDI as a per-
centage of GDP was 2.83 (SD= 2.01), and the
mean tariff percentage was 18.94 (SD= 11.17).

Results from our meta-regression analyses
(Figure 1) suggested that mean BMIs for men
increased by 0.37 units for every $1000
increase in per capita GDP (95% confidence
interval [CI] = 0.24, 0.50), 0.05 units for every
1---percentage-point increase in the proportion
of urban residents (95% CI = 0.04, 0.07),
0.27 units per 1---percentage-point increase in
FDI as a percentage of GDP (95% CI = 0.05,
0.50), and 0.07 units per 1---percentage-point
decrease in the mean tariff (95% CI = 0.03,
0.11). Associations between macrolevel

characteristics and mean BMIs for women were
similar (Figure 2).

Multilevel associations between individual-
and country-level characteristics and the odds
of underweight and overweight relative to
normal weight for urban and rural respon-
dents, stratified by gender, are shown in Tables
3 and 4, respectively. At the individual level,
never-married (vs currently married) status was
positively associated with underweight and
negatively associated with overweight. Higher
incomes were associated with lower odds of
underweight relative to normal weight and
higher odds of overweight relative to normal
weight. Worse health, measured according to
poorer self-rated health and more difficulty
moving around, was positively associated with
both underweight and overweight relative to
normal weight for some groups. For example,
bad or very bad (vs good or excellent) self-rated
health was positively associated with under-
weight relative to normal weight among men
and with overweight relative to normal weight
among urban women.

TABLE 2—Sample Characteristics by Area of Residence and Gender: 40 Low- and Middle-Income Countries Included in the World Health Survey,

2002–2003

Characteristic

Total (n = 200 796),

Mean 6SE

or % (SE)

Urban Men (n = 44 253),

Mean 6SE

or % (SE)

Urban Women

(n = 56 201),

Mean 6SE or % (SE)

Rural Men

(n = 45 914),

Mean 6SE or % (SE)

Rural Women

(n = 54 427),

Mean 6SE or % (SE)

Age, y 35.63 60.07 35.43 60.12 36.22 60.12 35.25 60.13 35.70 60.14

Years of educational attainment 6.56 60.03 8.91 60.05 8.09 60.05 5.89 60.07 4.03 60.05

Continuous household permanent income value –0.4 60.00 0.25 60.01 0.23 60.01 –0.24 60.01 –0.28 60.01

Marital status

Currently married 61.52 (0.11) 56.66 (0.24) 55.37 (0.22) 67.19 (0.23) 67.03 (0.21)

Never married 20.92 (0.09) 29.12 (0.23) 20.03 (0.17) 23.07 (0.21) 13.35 (0.16)

Othera 17.56 (0.09) 14.22 (0.18) 24.60 (0.19) 9.74 (0.14) 19.62 (0.18)

Self-rated health status

Good or excellent 65.15 (0.11) 70.86 (0.22) 60.79 (0.21) 69.12 (0.22) 61.64 (0.21)

Moderate 27.62 (0.10) 24.37 (0.21) 31.68 (0.20) 24.46 (0.20) 28.74 (0.20)

Bad or very bad 7.23 (0.06) 4.77 (0.10) 7.53 (0.11) 6.41 (0.12) 9.62 (0.13)

Level of difficulty moving around in past 30 d

No or mild difficulty 86.43 (0.08) 90.76 (0.14) 85.96 (0.15) 87.62 (0.15) 82.39 (0.16)

Moderate difficulty 9.30 (0.07) 6.85 (0.12) 9.80 (0.13) 8.35 (0.13) 11.59 (0.14)

Extreme or severe difficulty 4.27 (0.05) 2.40 (0.07) 4.24 (0.09) 4.03 (0.09) 6.02 (0.10)

Currently smokes any tobacco products

No 75.21 (0.10) 60.35 (0.24) 87.58 (0.14) 58.16 (0.23) 88.89 (0.14)

Yes 24.29 (0.10) 39.04 (0.23) 12.10 (0.14) 41.16 (0.23) 10.68 (0.13)

Note. Distributions were weighted by probability of selection weights.
aSeparated, divorced, widowed, or cohabiting.
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At the country level, urbanization and trade
liberalization were associated with lower odds
of underweight relative to normal weight
among adults living in urban and rural areas.
For example, each 10---percentage-point in-
crease in the proportion of urban residents per
country was associated with 15% (95% CI =
0.75, 0.96) and 18% (95% CI = 0.74, 0.91)
lower odds of underweight relative to normal
weight among men in urban and rural areas,
respectively. Similarly, a 1---standard-deviation
increase in trade liberalization was associated
with 14% (95% CI = 0.75, 0.99) and 17%
(95% CI = 0.71, 0.96) lower odds of under-
weight relative to normal weight among
women in urban and rural areas, respectively.

Per capita GDP was consistently associated
with higher odds of overweight relative to

normal weight among both urban and rural
men and women, with the increased odds
associated with a $1000 increase in GDP per
capita ranging from 8% (95% CI = 1.01, 1.15)
among urban women to 12% (95% CI = 1.04,
1.19) among rural women. In addition, a 1---
standard-deviation increase in net FDI inflow
as a percentage of GDP was associated with
17% (95% CI = 1.02, 1.35) higher odds of
overweight relative to normal weight among
rural men.

DISCUSSION

We used data from a sample of approxi-
mately 200 000 adults in 40 LMICs to test the
associations between macrolevel economic
characteristics hypothesized to drive changes in

global patterns of diet and physical activity
(i.e., economic development, urbanization, FDI,
trade liberalization) and individual weight status.
At the ecological level, economic development,
urbanization, FDI, and trade liberalization were
associated with higher mean BMIs among both
men and women. After accounting for
individual-level characteristics and measured
compositional differences between countries in
our multilevel regression models, we found that
greater urbanization and trade openness were
associated with a lower probability of under-
weight relative to normal weight, whereas eco-
nomic development and FDI were associated
with a higher probability of overweight.

Macrolevel Determinants of

Weight Status

Neoliberal policies encouraging FDI and re-
duced barriers to trade are hypothesized to
drive rapid transformations of the global food
environment, particularly growth in unhealthy
food and beverage commodities in LMICs and
the attendant changes in nutritional status
documented over the past 10 to 15
years.20,21,45,46 There is preliminary support
for this hypothesis. Transnational food and
drink companies have penetrated markets in
middle-income countries.20,45 In addition,
Stuckler et al. recently showed that the growth
of per capita consumption of processed foods in
LMICs has outpaced that of higher-income
countries since 1997; furthermore, FDI was
correlated with greater exposure to unhealthy
food commodities in LMICs.20 Neoliberal pol-
icies may also have important influences on
unemployment, wages, and poverty that in turn
affect diet and physical activity patterns, al-
though these effects are poorly understood and
warrant further research.47

Nonetheless, few studies have considered
whether macrolevel exposures, particularly
those related to neoliberalization and greater
market integration, are associated with varia-
tions in nutritional outcomes such as weight
status. Consistent with prior ecological
work,9,22 the results of our meta-regression
analyses showed that levels of economic de-
velopment and urbanization were positively
associated with mean BMIs across countries.
Our results also showed that average BMIs
were higher in countries with greater FDI and
fewer barriers to trade.
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FIGURE 1—Ecological associations between mean BMI among men and macrolevel

characteristics (a) per capita GDP, (b) percentage of urban residents, (c) FDI as

a percentage of GDP, and (d) mean tariff: 40 low- and middle-income countries included in

the World Health Survey, 2002–2003.
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To assess whether macrolevel factors were
related to individual weight status indepen-
dently of compositional characteristics, we used
multilevel regression models that controlled for
country- and individual-level covariates. Our
findings showed that macrolevel factors were
associated with nutritional status variations in
LMICs. Higher levels of urbanization and trade
liberalization were associated with lower odds
of underweight relative to normal weight
among both urban and rural men and women.
We corroborated previous findings17,18 by
showing that economic development was as-
sociated with higher odds of overweight rela-
tive to normal weight. In addition, FDI was
positively associated with the odds of over-
weight relative to normal weight among rural
men, providing preliminary evidence that

regulatory environments facilitating invest-
ments by foreign companies may adversely
affect nutritional status in LMICs.

It is unclear why FDI was associated with
overweight among rural but not urban resi-
dents. FDI may have a detrimental impact on
rural residents because the influx of cheaper
foods into a food system may endanger
farming practices and alter patterns of con-
sumption among rural residents.20 For ex-
ample, qualitative evidence from Gambia
suggests that the emergence of a “remittance
economy” has driven the increase in obesity
in rural areas by altering the goods sold at
village shops and increasing the sale of vege-
table oils, in particular, suggesting that FDI
may influence patterns of consumption in
rural areas.48

Longitudinal work assessing whether
changes in economic development, urbaniza-
tion, and FDI influence distributions of weight
within countries is needed to identify causal
effects of macrolevel factors on nutritional
status. Furthermore, country-specific evidence
suggests that the effects of macro-economic
factors may vary across contexts. For instance,
a shift in nutritional outcomes characterized
by receding underweight and increasing
overweight has not been observed in India,
despite rapid economic growth,49 suggesting
that the association between economic de-
velopment and overweight or obesity is not
universal. In addition, although research sug-
gests that the North American Free Trade
Agreement transformed food systems in
Mexico, the growing presence of transnational
food companies in the Brazilian market has, in
part because of government legislation, not
completely displaced traditional food sys-
tems.45,50

Individual-Level Determinants of

Weight Status

Our multilevel regression models showed
that marital, socioeconomic, and health status
were the most important individual-level cor-
relates of weight. Relative to being currently
married, never having been married was pos-
itively associated with underweight and nega-
tively associated with overweight relative to
normal weight among men and women. These
patterns may reflect sociocultural factors, in-
cluding norms favoring a larger body size as
a marker of health, beauty, or affluence; alter-
natively, they may reflect the absence of stig-
matization of obesity51 or unmeasured
marriage-related characteristics that are asso-
ciated with weight.

With respect to SES, the seminal work of
Sobal and Stunkard showed that, by contrast
with high-income countries, the relation be-
tween SES and obesity in LMICs was positive
for men and women.52 Recent work indicates
that the burden of obesity may be shifting
toward socioeconomically disadvantaged
groups, although higher SES is still asso-
ciated with overweight in the majority of
LMICs.8,17,18 Consistent with recent cross-
national evidence,53 we found that house-
hold income was associated with lower odds
of underweight and higher odds of
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the World Health Survey, 2002–2003.
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overweight relative to normal weight. The
association between income and weight may
reflect ownership of material goods and
attendant behavioral changes (e.g., car own-
ership and reduced energy expenditures).

However, it may also point to stress associ-
ated with culture change, long implicated as
an important health determinant,54 as a con-
tributor to body composition patterns in
LMICs.55

By contrast with income, education was not
associated with weight in our analyses, poten-
tially reflecting the relatively more important
role of the economic or material dimension of
class in lower-income settings.56 However,

TABLE 3—Multilevel Regression Model Results Showing Associations Between Individual- and Country-Level Characteristics and Odds of

Underweight and Overweight Relative to Normal Weight Among Urban Men and Women: 40 Low- and Middle-Income Countries Included

in the World Health Survey, 2002–2003

Urban Men Urban Women

Underweight vs

Normal Weight,

OR (95% CI)

Overweight vs

Normal Weight,

OR (95% CI)

Underweight vs

Normal Weight,

OR (95% CI)

Overweight vs

Normal Weight,

OR (95% CI)

Individual-level characteristics

Agea 0.88 (0.83, 0.93) 1.23 (1.16, 1.30) 0.85 (0.81, 0.91) 1.28 (1.21, 1.34)

Marital status

Currently married (Ref) 1.00 1.00 1.00 1.00

Never married 1.42 (1.23, 1.65) 0.63 (0.56, 0.70) 1.44 (1.26, 1.63) 0.68 (0.61, 0.76)

Otherb 0.92 (0.72, 1.19) 0.97 (0.86, 1.09) 1.09 (0.92, 1.30) 0.94 (0.86, 1.03)

Educational attainment tertile

Lowest (Ref) 1.00 1.00 1.00 1.00

Middle 0.98 (0.82, 1.18) 1.14 (1.00, 1.30) 0.95 (0.81, 1.11) 1.02 (0.92, 1.12)

Highest 0.88 (0.71, 1.08) 1.08 (0.96, 1.22) 0.86 (0.73, 1.03) 0.86 (0.75, 0.99)

Household permanent income quartile

1 (lowest; Ref) 1.00 1.00 1.00 1.00

2 0.96 (0.81, 1.15) 1.16 (1.02, 1.31) 1.00 (0.86, 1.16) 1.16 (1.08, 1.24)

3 0.92 (0.75, 1.14) 1.30 (1.13, 1.49) 0.96 (0.81, 1.14) 1.17 (1.07, 1.28)

4 (highest) 0.76 (0.57, 1.01) 1.49 (1.33, 1.67) 0.83 (0.70, 0.98) 1.28 (1.15, 1.43)

Self-rated health status

Good or excellent (Ref) 1.00 1.00 1.00 1.00

Moderate 1.17 (0.98, 1.39) 1.01 (0.90, 1.14) 1.15 (1.03, 1.30) 1.20 (1.11, 1.30)

Bad or very bad 1.58 (1.18, 2.11) 1.19 (0.97, 1.46) 1.26 (0.93, 1.69) 1.20 (1.03, 1.40)

Level of difficulty moving around in past 30 d

No or mild difficulty (Ref) 1.00 1.00 1.00 1.00

Moderate difficulty 1.29 (1.06, 1.56) 0.89 (0.75, 1.04) 1.26 (1.04, 1.52) 1.07 (0.93, 1.22)

Extreme or severe difficulty 1.29 (0.90, 1.84) 0.95 (0.76, 1.18) 1.08 (0.82, 1.42) 1.18 (1.01, 1.38)

Currently smokes any tobacco products

No (Ref) 1.00 1.00 1.00 1.00

Yes 1.18 (1.05, 1.33) 0.77 (0.71, 0.84) 1.40 (1.21, 1.61) 0.83 (0.69, 1.01)

Country-level characteristics

Per capita GDPc 1.00 (0.90, 1.10) 1.09 (1.02, 1.16) 0.96 (0.87, 1.07) 1.08 (1.01, 1.15)

Population in urban areas, %d 0.85 (0.75, 0.96) 1.15 (0.95, 1.17) 0.92 (0.80, 1.06) 1.00 (0.90, 1.10)

Foreign direct investment, % of GDPe 1.00 (0.86, 1.16) 0.99 (0.89, 1.10) 0.95 (0.85, 1.06) 0.96 (0.87, 1.05)

Mean tarifff 0.87 (0.76, 1.00) 1.11 (0.93, 1.33) 0.86 (0.75, 0.99) 1.10 (0.96, 1.26)

Note. CI = confidence interval; GDP = gross domestic product; OR = odds ratio. The sample size was n = 100 454.
aCentered at 18 years of age and divided into 10-year groups.
bSeparated, divorced, widowed, or cohabiting.
cMean centered and divided by $1000.
dMean centered and divided by 10%.
eStandardized as a z score, with higher values reflecting greater foreign direct investment.
fStandardized as a z score and reverse coded, with higher values reflecting greater openness to trade.
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income may mediate the effect of education on
weight, and adjusting for both variables simul-
taneously may attenuate the direct effect of
education. Our analyses showed nonlinearity
in the association between health and weight. A
U-shaped association between health status,

disability, and body weight could reflect the
reciprocal relation between health status and
weight (i.e., decreased body weights are
related to existing disease and increased
disability and health problems among the
overweight).57

Limitations

There were limitations to our analyses. First,
we relied on self-reported height and weight.
Prior research in developing contexts has
shown minor deviations between self-reported
and measured weights and concluded that

TABLE 4—Multilevel Regression Model Results Showing Associations Between Individual- and Country-Level Characteristics and Odds of

Underweight and Overweight Relative to Normal Weight Among Rural Men and Women: 40 Low- and Middle-Income Countries Included

in the World Health Survey, 2002–2003

Rural Men Rural Women

Underweight vs

Normal Weight,

OR (95% CI)

Overweight vs

Normal Weight,

OR (95% CI)

Underweight vs

Normal Weight,

OR (95% CI)

Overweight vs

Normal Weight,

OR (95% CI)

Individual-level characteristics

Agea 0.96 (0.91, 1.01) 1.16 (1.09, 1.25) 0.94 (0.89, 0.99) 1.16 (1.09, 1.23)

Marital status

Currently married (Ref) 1.00 1.00 1.00 1.00

Never married 1.37 (1.18, 1.59) 0.74 (0.61, 0.90) 1.33 (1.17, 1.50) 0.72 (0.59, 0.87)

Otherb 1.00 (0.81, 1.25) 1.11 (0.98, 1.27) 0.98 (0.84, 1.15) 0.96 (0.87, 1.05)

Educational attainment tertile

Lowest (Ref) 1.00 1.00 1.00 1.00

Middle 0.95 (0.81, 1.10) 1.05 (0.92, 1.19) 1.00 (0.87, 1.14) 1.02 (0.89, 1.16)

Highest 0.87 (0.75, 1.00) 1.05 (0.92, 1.20) 1.10 (0.94, 1.28) 0.93 (0.80, 1.08)

Household permanent income quartile

1 (lowest; Ref) 1.00 1.00 1.00 1.00

2 0.95 (0.87, 1,02) 1.14 (1.00, 1.29) 0.92 (0.84, 1.01) 1.12 (1.04, 1.21)

3 0.84 (0.75, 0.95) 1.16 (1.00, 1.35) 0.84 (0.76, 0.93) 1.22 (1.11, 1.33)

4 (highest) 0.76 (0.64, 0.90) 1.46 (1.27, 1.69) 0.69 (0.61, 0.80) 1.30 (1.14, 1.50)

Self-rated health status

Good or excellent (Ref) 1.00 1.00 1.00 1.00

Moderate 1.13 (1.00, 1.27) 1.03 (0.93, 1.15) 1.07 (0.99, 1.16) 1.06 (0.96, 1.16)

Bad or very bad 1.33 (1.05, 1.68) 1.10 (0.86, 1.41) 1.13 (0.93, 1.36) 1.13 (0.92, 1.39)

Level of difficulty moving around in past 30 d

No or mild difficulty (Ref) 1.00 1.00 1.00 1.00

Moderate difficulty 1.07 (0.92, 1.25) 1.05 (0.88, 1.25) 1.16 (0.99, 1.37) 1.08 (0.93, 1.24)

Extreme or severe difficulty 1.19 (0.96, 1.47) 1.18 (0.94, 1.48) 1.16 (0.94, 1.43) 1.28 (1.07, 1.54)

Currently smokes any tobacco products

No (Ref) 1.00 1.00 1.00 1.00

Yes 1.13 (0.98, 1.31) 0.76 (0.67, 0.87) 1.23 (1.06, 1.44) 0.76 (0.66, 0.88)

Country-level characteristics

GDP per capitac 0.97 (0.88, 1.08) 1.10 (1.02, 1.18) 1.01 (0.92, 1.10) 1.12 (1.04, 1.19)

Population in urban areas, %d 0.82 (0.74, 0.91) 1.05 (0.91, 1.20) 0.84 (0.73, 0.96) 1.01 (0.88, 1.15)

Foreign direct investment, % of GDPe 0.94 (0.81, 1.09) 1.17 (1.02, 1.35) 0.93 (0.83, 1.04) 1.10 (0.95, 1.26)

Mean tarifff 0.87 (0.76, 0.99) 1.09 (0.87, 1.36) 0.83 (0.71, 0.96) 1.08 (0.87, 1.34)

Note. CI = confidence interval; GDP = gross domestic product; OR = odds ratio. The sample size was n = 100 341.
aCentered at 18 years of age and divided into 10-year groups.
bSeparated, divorced, widowed, or cohabiting.
cMean centered and divided by $1000.
dMean centered and divided by 10%.
eStandardized as a z score, with higher values reflecting greater foreign direct investment.
fStandardized as a z score and reverse coded, with higher values reflecting greater openness to trade.
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self-reports are acceptably valid.58 Despite
similar conclusions in the context of developed
countries,59 other studies indicate underre-
porting of weight and overreporting of
height.60 We found that our estimates of the
prevalence of overweight were similar to mea-
sured estimates for some countries49,61but that
rates were potentially underestimated in
others,62 although direct comparisons are
complicated by differences in sampling, time
periods, and sampling variability. Differential
misclassification of weight status by levels of
development, urbanization, FDI, or trade may
have biased our estimates of the effects of
macrolevel characteristics on patterns of un-
derweight and overweight.

Second, we assumed that control for country-
and individual-level compositional characteris-
tics was sufficient to control for confounding
between macrolevel economic characteristics
and individual-level weight. However, important
unmeasured characteristics could have biased
our results. Third, one macrolevel characteristic
may mediate the effect of another, and such
temporal relations cannot be clarified with
cross-sectional data. Longitudinal analyses are
needed to identify the effects of a particular
characteristic independently of other secular
trends.

Conclusions

Our results suggest that multilevel eco-
nomic factors, including SES and levels of
trade liberalization, may be implicated in
global shifts in epidemiological patterns of
weight. Macro-economic factors may act as
a double-edged sword, improving health in
some situations and threatening it in others.
Longitudinal investigations focusing on spe-
cific policies related to diet, physical activity,
and weight represent a potentially fruitful area
for future work. j
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