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Abstract

Background: Long-term trends mask critical recent dynamics in the prevalence of under- and overweight.

Objective: The objective of this study was to compare annualized prevalence rates of both under- and overweight among
nonpregnant women aged 19-49 y during the periods covering 7) the 1990s-the early 2000s and 2) the early 2000s-the
late 2000s or early 2010s, by rural-urban residence.

Methods: Data are from nationally representative surveys (29 Demographic and Health Surveys and 4 national surveys).
Standardized protocols were used to measure weight and height. Underweight was defined as body mass index
(BMI) < 18.5 kg/m? and overweight as BMI = 25 kg/m?.

Results: From the 1990s to the early 2000s, most countries were making progress on decreasing the prevalence of
underweight, especially in rural areas. Although many countries continued to make progress more recently, several
countries in Sub-Saharan Africa that previously had a decreasing prevalence of underweight now have an increasing
prevalence of underweight. For example, in rural areas of Senegal, the prevalence of underweight decreased 0.23%
annually between 1992 and 2005, then increased 1.60% annually between 2005 and 2010. Meanwhile, the prevalence of
overweight is increasing in nearly all countries, and in approximately half of all countries, the rate of increase is greater in
rural areas than in urban areas. Although underweight persists as more prevalent than overweight in rural areas of many
East Asian, South Asian, and Sub-Saharan African countries, the ratio of underweight to overweight in many countries has
decreased over time, indicating that this trend is reversing.

Conclusions: Select countries in Sub-Saharan Africa may be more susceptible to food crises and should be targets for

intervention. At the same time, global health efforts need to focus on preventing overweight, particularly in rural areas,

which are quickly catching up to their urban counterparts.
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Introduction

Scientific evidence consistently supports urbanization as a key
underlying factor in the rise in prevalence of overweight in low-
and middle-income countries (LMIC)®, whereas underweight
has traditionally affected mainly rural areas (1-5). However,
areas officially designated as “rural” are not immune to the
effects of urbanization (6-9), nor are “urban” areas free of the
burden of underweight (10, 11). Widespread access to cheap,
energy-dense foods and motorized transportation in conjunction
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with rapid expansion of global mass media have led to more
urbanized ways of life in areas classically designated as “rural” (6—
9). Indeed, an analysis of the World Health Survey (2002-2003)
found similar effects of urbanization on the prevalence of under-
and overweight in urban and rural areas (5). Furthermore, the
vulnerability of the urban poor to health risks such as under-
weight is increasingly recognized by researchers and international
organizations, including the UN (12). Analysis of recent data is
needed to identify populations susceptible to increasing burdens
of under- and overweight in order to develop appropriate
interventions and policies.

Women are a critically important population subgroup for
targeting given evidence that prepregnancy BMI is a strong
predictor of neonatal and childhood health outcomes (13). For
example, maternal underweight is associated with an increased
risk of having small-for-gestational-age and low-birth-weight
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infants (14, 15) and maternal overweight is associated with
increased risk of congenital defects in infants (16). Improving
maternal health was 1 of 8 UN Millennium Development Goals
and will likely be a key component of the post-2015 develop-
ment agenda. Updated data on maternal under- and overweight
in LMIC are needed to inform the direction of this agenda.

Previous studies of trends in body composition among adults in
LMIC focused only on overweight (17-19), included a single
country (20, 21), used both measured and self-reported weight and
height data (17), calculated only a single annualized prevalence rate
spanning several decades (22), and did not evaluate separate trends
in rural vs. urban regions within countries (18-20), which is
essential, because national-level estimates mask important sub-
national variations.

This study is unique in examining annualized prevalence
rates of both under- and overweight among nonpregnant women
aged 19-49 y during the periods covering 1) the 1990s—the early
2000s and 2) the early 2000s—the late 2000s or early 2010s,
by rural-urban residence, and then the changes in prevalence
between these 2 periods.

Methods

Data sources. Most data (surveys from 29 countries) are from the
Demographic and Health Surveys (DHSs), a series of nationally represen-
tative surveys typically conducted every 5 y (23). Details of sampling
methodology for the DHSs are described elsewhere (24). Additional data
are from the Indonesian Family Life Surveys (representative of 83% of the
Indonesian population) (25), the China Health and Nutrition Surveys
(representative of 56% of the Chinese population) (26), the Brazilian
national surveys (nationally representative) (27), and the Mexican Health
and Nutrition Surveys (nationally representative) (28-30).

Study population and sample size. All analyses were restricted to
nonpregnant women aged 19-49 y (except for the 1989 and 2003
surveys in Brazil, for which pregnancy status was not available). Thirty-
three countries had data from at least 3 surveys and were therefore
included in this analysis. For countries with more than 3 surveys, the
oldest survey and 2 most recent surveys were included in this analysis.
The mean rural sample size was 3670 and the mean urban sample size
was 3333; the overall rural sample size was 363,320 and the overall
urban sample size was 329,933.

Measures. All surveys used standardized protocols to measure weight and
height (31). BMI was calculated as weight in kilograms divided by height
in meters squared. Underweight and overweight were defined according
to the WHO’s recommendation: underweight, BMI < 18.5 kg/m?, and
overweight, BMI = 25 kg/m” (32).

Rural-urban residence was defined by each country’s national statis-
tical office at the time of each survey. “Urban” areas included large cities
(capitals and cities with over 1 million population), small cities (population
over 50,000), and towns (other urban areas) (33). “Rural” areas were
assumed to be countryside (33). Data on gross domestic product per capita
(GDPPC) are from the 2010 World Bank Development Indicators (34).
Results presented in the figures are sorted by GDPPC.

Statistical analysis. All statistical analyses were conducted using Stata,
version 13 (StataCorp). We calculated the prevalence of underweight and
overweight at 3 time points for all countries (rural areas, Supplemental
Table 1, and urban areas, Supplemental Table 2). Standard errors and
95% Cls were calculated using the Taylor series linearization variance
estimator in Stata, which accounts for the complex sampling method. As
a sensitivity analysis to explore the effects of demographic shifts in age
distribution over time, data were age-standardized to the 2010 world
population (35) (rural areas, Supplemental Table 1, and urban areas,
Supplemental Table 2). Results presented in the text and figures are
unstandardized unless otherwise indicated. To compare past and recent
trends in the prevalence of under- and overweight, we calculated

2 annualized prevalence rates for each country: 1) earliest (1990s) to
middle (early 2000s) survey and 2) middle (early 2000s) to latest (late
2000s or early 2010s) survey. We then calculated the difference between
these 2 annualized prevalence rates. The relative prevalence of under- vs.
overweight was calculated by dividing the prevalence of these measures
at each of the 3 time points. All analyses were stratified by rural-urban
residence (33).

Results

Earlier trends in the prevalence of underweight. The
annualized change in the prevalence of underweight for both the
earlier and later time periods, across all countries and sorted by
region and GDPPC within region, is presented in Figure 1. From the
1990s to the early 2000s, underweight was decreasing to a greater
extent in rural areas than in urban areas in all countries outside of
Sub-Saharan Africa except Nepal, where the prevalence was
decreasing by 0.30% annually in rural areas and by 0.70% annually
in urban areas. In Sub-Saharan Africa, there was much greater
variability. For example, 6 countries (Nigeria, Ghana, Cameroon,
Mali, Madagascar, and Ethiopia) had greater decreases in the
prevalence of underweight in urban areas than did rural areas, and 4
countries (Zambia, Kenya, Zimbabwe, and Niger) had increases in
the prevalence of underweight in both rural and urban areas.

Later trends in the prevalence of underweight. More
recently (early 2000s to late 2000s or early 2010s), the
prevalence of underweight continued to decrease or remained
unchanged in most (79% of countries) rural and urban areas
(Figure 1). However, 3 countries stood out as having large
increases in underweight relative to the earlier time period:
Senegal, Madagascar, and Mali, although the large increase
in urban areas in Mali was somewhat attenuated in age-
standardized analyses. For example, in Madagascar, the prev-
alence of underweight was previously not increasing in rural
areas and decreasing by 0.50% annually in urban areas, but
during the more recent time period, it was increasing by 1.40%
and 1.20% annually in rural and urban areas, respectively. Rural
areas in China, Mexico, Cameroon, and Tanzania, and urban
areas in Bolivia and Malawi, also experienced this “flip,”
whereby an underweight prevalence that was decreasing in
earlier time periods was increasing in more recent time periods.
There were also some important improvements to note. For
example, in Zambia and Zimbabwe, where the prevalence of
underweight was previously increasing in both rural and urban
areas, the prevalence of underweight has been decreasing more
recently. In rural areas of Niger, there were also improvements in
the prevalence of underweight, which was previously increasing
but decreased during the more recent time period. However, of
note, in urban areas of Niger, unstandardized results indicated
that underweight was increasingly slightly in the earlier time
period (0.17% annually), whereas age-standardized results
indicated that underweight was decreasing slightly (—0.23%
annually); in the more recent time period, both unstandardized
and age-standardized results indicated that underweight was
decreasing in this population.

Earlier trends in the prevalence of overweight. The annu-
alized change in the prevalence of overweight for both the
earlier and later time periods, across all countries and sorted
by region and GDPPC within region, is presented in Figure 2.
The prevalence of overweight was increasing in most coun-
tries (82% in rural areas; 85% in urban areas) during the
period covering the 1990s to the early 2000s. The major
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National annualized change in the prevalence of underweight among nonpregnant women aged 19-49 y by rural-urban residence,

sorted by region and 2010 per capita gross domestic product within region. Underweight was defined according to the WHQO’s recommendation

as BMI < 18.5 kg/m?.

exceptions were Nigeria, where the prevalence was decreasing
by 2.75% annually in rural areas, and Rwanda, where the
prevalence was decreasing by 1.60% annually in urban areas.
The prevalence of overweight in many rural areas was already
catching up to urban areas during this earlier time period;
indeed, in 27% of countries, the prevalence of overweight in
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rural areas was increasing at a rate greater than that in urban
areas. However, there was a clear distinction between Sub-
Saharan Africa and all other regions: overweight was not
increasing as much in rural areas and remained much lower
than urban areas in most Sub-Saharan African countries in
contrast to countries in other parts of the world.
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FIGURE 2 National annualized change in the prevalence of overweight among nonpregnant women aged 19-49 y by rural-urban residence,
sorted by region and 2010 per capita gross domestic product within region. Overweight was defined according to the WHO’s recommendation as

BMI = 25 kg/m?.
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Later trends in the prevalence of overweight. More recently
(early 2000s to late 2000s or early 2010s), the prevalence of
overweight continued to increase in most countries (85 % in both
rural and urban areas) (Figure 2). Indeed, several countries with
a previously decreasing or unchanged prevalence of overweight
witnessed large increases in the prevalence of overweight during
the later time period. For example, in urban Rwanda, the annual
change in the prevalence of overweight went from —1.60% to
+1.80%; in urban Zambia it went from 0% to +2.00%; and
in urban Brazil it went from —0.17% to +1.86%. Two key
exceptions to this trend were Mexico and Benin. In Mexico,
overweight was previously increasing by nearly 2% annually,
but is now decreasing slightly in both rural and urban areas.
Results from age-standardization were similar, but did not
indicate a decreasing prevalence but, rather, a substantially
smaller increase (e.g., in rural areas, from +1.94% to —0.07% in
unstandardized analyses and from +1.74% to +0.18% in age-
standardized analyses). In Benin, overweight was increasing by
1.40% and 3.40% annually in rural and urban areas, respec-
tively, but is now decreasing by 0.40% annually in rural areas
and unchanged in urban areas.

Similar to the earlier time period, during the more recent time
period (early 2000s to late 2000s or early 2010s), the prevalence
of overweight in rural areas was increasing at a rate greater than
that in urban areas in 33% of countries (Figure 2). Furthermore,
there was again a clear distinction between Sub-Saharan Africa
and all other regions: rural areas were not catching up to urban
areas in as many Sub-Saharan African countries as countries in
other parts of the world (21% in Sub-Saharan Africa vs. 50% in
all other regions combined).

Relative prevalence of under- vs. overweight. In Latin
America and the Caribbean, the prevalence of overweight was
substantially higher than the prevalence of underweight in both
rural and urban areas for all survey years except 1994 in
rural Haiti (Supplemental Table 1). For example, in 2010, the
prevalence of over- and underweight in rural Colombia was
53.66% and 3.21%, respectively. Furthermore, later surveys
tended to have ratios of underweight to overweight closer to
zero than did earlier surveys, indicating that the prevalence of
overweight is increasingly surpassing that of underweight in this
region. Similarly, in Turkey, Jordan, and Egypt, the prevalence of
overweight exceeded that of underweight across all survey years.

This phenomenon of a greater burden of overweight than
underweight was also observed in the more recent surveys from
urban areas in East Asia and the Pacific, South Asia, and Sub-
Saharan Africa. In most rural areas in these regions, however, the
prevalence of underweight continues to exceed that of over-
weight. For example, in 2011, the prevalence of under- and
overweight in rural Bangladesh was 26.88% and 12.79%,
respectively (Supplemental Table 1). In Sub-Saharan Africa, rural
areas of 6 countries (Senegal, Mali, Burkina Faso, Madagascar,
Niger, and Ethiopia) had similar situations with the most recent
prevalence of underweight exceeding that of overweight. For
example, in 2011, the prevalence of under- and overweight in
rural Ethiopia was 25.25% and 3.13%, respectively (Supplemen-
tal Table 1). Of note, 3 Sub-Saharan African countries with the
lowest GDPPC (Madagascar, Niger, and Ethiopia) fell into this
group.

There is some evidence to suggest that the prevalence of
overweight in some rural areas of East Asia and the Pacific and
South Asia is approaching that of underweight, as indicated by
the decreasing ratios of underweight to overweight in these
regions over time. For example, the ratio in Bangladesh went

from 16.83 in 1993 to 2.10 in 2011. There was much more
heterogeneity in this ratio over time in Sub-Saharan Africa, with
an increasing trend observed in some countries over time (e.g.,

Niger) and a decreasing trend observed in other countries (e.g.,
Cote d'Ivoire and Mali).

Discussion

During the period spanning the 1990s to the early 2000s, the
majority of countries included in this analysis were making
progress on decreasing the prevalence of underweight, especially
in rural areas. Although many countries continued to make
progress more recently, several countries in Sub-Saharan Africa
that previously had a decreasing prevalence of underweight now
have an increasing prevalence of underweight. Meanwhile, the
prevalence of overweight is increasing in nearly all countries,
and in approximately half of all countries, the rate of increase is
greater in rural areas than in urban areas.

As early as 1992-2000, there was evidence suggesting that
the burden of overweight was exceeding that of underweight in
LMIC, particularly those with higher per capita gross national
incomes (3). Here we document that this trend is not only
continuing, but also expanding to include both urban and rural
areas, particularly in Asia, as well as Latin America and the
Caribbean. We suspect that the factors underlying these shifts in
disease burden relate to concurrent changes in the food value
chain of LMIC, whereby transnational retail sectors have
expanded rapidly and the purchasing of consumer packaged
foods and beverages has increased (36). However, the research
community has not yet quantified changes in the food system
spanning agriculture to retail in LMIC or the resulting health
effects. This will be a critical next step in understanding and
preventing the burden of malnutrition in these countries.

We found a set of Sub-Saharan African countries with in-
creasing underweight and varying shifts in overweight status.
The prevalence of underweight in Senegal, which was decreasing
during the earlier time period (1992-20035), is now on the rise in
both rural and urban areas (2005-2010). This shift in progress on
alleviating underweight in this population could be the result of
rises in the cost of food following the 2007-2008 food crisis and a
poor harvest in 2007. For example, in July 2008, the price of rice
in Senegal was more than double the price in July 2007 (37).
Similarly, in Mali (2001-2006) and Madagascar (2003-2008),
the prevalence of underweight increased in the later time period in
both rural and urban areas. However, unlike in Senegal, where the
prevalence of overweight concurrently decreased, in Mali and
Madagascar, the prevalence of overweight remained constant or
increased in the later time period, particularly in urban areas.
Other studies reported that recessions (both national and global)
may result in increases in underweight and decreases in over-
weight, particularly in low-income countries (38, 39). The results
presented here should inform population monitoring and inter-
vention targeting strategies in Sub-Saharan Africa aimed at food
security in the face of food crises. Furthermore, future research
should involve positive deviance analyses to understand why
some countries are more resilient to food crises than others.

Zambia (1992-2001 vs. 2001-2007), Zimbabwe (1994-
2005 vs. 2005-2010), and Niger (1992-1998 vs. 1998-2006)
managed to turn around an increasing prevalence of under-
weight, and most recently are decreasing their prevalence of
underweight. This is an especially important observation for
Niger, because although the prevalence of underweight is
decreasing, it remains quite high at 17.32% in rural areas.
Continued monitoring of these countries—particularly Niger,
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for which more recent data are not available—and evaluation of
potential policies that may have protected these countries from
rising food prices is needed (40).

The prevalence of overweight in Mexico was previously
increasing dramatically: nearly 2% annually between 1988 and
2006 in both rural and urban areas. However, more recently
(2006-2012), the prevalence of overweight has been decreasing
slightly in nonpregnant adult women. This result is consistent
with a recent review of overweight in Mexico that reported a drop
in the rate of increase in overweight among Mexican women aged
20-49 y (20). This decrease could be the result of national
initiatives beginning in 2006 with the design of a national obesity
prevention policy, and including the development of national
recommendations on beverage intake in 2008, the signing of the
National Agreement for Health and Nutrition in 2010, and
initiatives to ban sodas and regulate unhealthy foods in schools. A
similar slowing of the rate of increase in overweight was observed
in Benin, where the prevalence of overweight was increasing by
3.40% annually between 1996-2001, but was unchanged
between 2001-2006, a period before the global recession during
which Benin’s growth in real output averaged 4% (41). This
result is surprising given recent documentation of the nutrition
transition in urban areas of Benin (42-44) and warrants further
investigation.

There are several challenges of this analysis worth noting.
Rural and urban residence was defined by each country; thus,
definitions vary between countries (45). Furthermore, although
dichotomization of this variable improves interpretability of the
results, we recognize that urbanicity is a continuum. Researchers
comparing the DHS rural-urban classification scheme to the
Global Rural-Urban Mapping Project, which is based on satellite
imagery of nighttime lights, showed that some areas classified as
“rural” in the DHSs may in fact be periurban when using
household electrification as a marker of urbanicity (46).
Updated, uniform definitions of rural-urban residence in the
DHSs and other large demographic surveys are warranted (47).
Nonetheless, use of country-specific classifications of rural-
urban residence renders results more readily translatable into
targeted national policies to prevent under- and overweight.

Additional challenges of this analysis include the fact that 3
countries (Cambodia, Ethiopia, and Rwanda) did not have data
available in the 1990s. Their earliest surveys with available data
were conducted in 2000 and, therefore, the trends in under- and
overweight prevalence in these countries are slightly more recent
than those reported for other countries. Furthermore, we
calculated annualized rates of change, which should not be
interpreted as actual rates of increase or decrease in the
prevalence of under- or overweight over time, because these
changes might have occurred in a nonlinear fashion. Finally, the
DHSs only collect data on women in the household. As data
become available, sex differences will be an important area to
explore. Meanwhile, the results presented here are of particular
importance because women of childbearing age are a critical
point of intervention, with prepregnancy BMI being a strong
predictor of child health outcomes (13, 15, 48).

To our knowledge, this is the first study to document changes
in the trends of under- and overweight prevalence in nationally
representative surveys of nonpregnant adult women from 33
LMIC. Results suggest that select countries in Sub-Saharan
Africa may be more susceptible to food crises, and should be
points of policy intervention to avoid future adverse outcomes.
At the same time, global health efforts must focus on preventing
overweight, particularly in rural areas, which are quickly
catching up to their urban counterparts.
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