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Abstract

Background—Most studies of childhood malnutrition in low- and middle-income countries 

(LMICs) focus on children <5 years, with few focusing on adolescence, a critical stage in 

development.

Objective—To evaluate recent trends in the prevalence of under- and overweight among girls 

(15–18 years) in LMICs.

Methods—Data are from Demographic and Health Surveys (53 countries) and national surveys 

conducted in Indonesia, China, Vietnam, Brazil, and Mexico. The most recent surveys with 

sample sizes ≥50 when stratified by rural-urban status were included: 46.6% of countries had a 

survey conducted in the past 5 years, while the most recent survey for 10.3% of countries was over 

10 years old. The overall rural sample size was 94,857 and urban sample size was 81,025. Under- 

and overweight were defined using the IOTF sex- and age-specific BMI cut-points.

Results—South Asia had the highest prevalence of underweight; nearly double that of East Asia 

& the Pacific and Sub-Saharan Africa, and increasing annually by 0.66% in rural areas. Latin 

America & the Caribbean had the highest regional prevalence of overweight in both rural and 

urban settings and this prevalence is increasing annually by about 0.50%. In urban areas, 38% of 

countries had both an under- and overweight prevalence ≥10%.

Conclusions—There is substantial variation across and within regions in the burden of under- 

and overweight, with increasing dual burdens in urban areas. Innovative public health 

interventions capable of addressing both ends of the malnutrition spectrum are urgently needed.
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Introduction

The world is not flat. The benefits of globalization have not been shared equally. The 

economic gap between the “have’s” and the “have not’s” has widened (1), and chronic 

hunger persists (2) in the face of a global obesity epidemic (3). The co-occurrence of under- 

and overnutrition, largely in low- and middle-income countries (LMICs), is termed “the dual 

burden” and has been documented at the individual, household, and national level in both 

adults and young children (3,4). However, as a result of data scarcity, the dual burden in 

LMICs has yet to be explored in adolescents.

A few published reports on a limited number of countries have evaluated adolescent 

underweight and overweight separately in LMICs, but most are outdated and not nationally 

representative. A systematic review of nine studies published between 2000 and 2009 of 

childhood (2–18 years) overweight and obesity (defined using CDC cut-points (5)) in 

various cities and states of India reported a pooled prevalence of 12.6% and 3.4%, 

respectively (6). Recent data from China indicate an increase in overweight (defined using 

IOTF cut-points (7)) among adolescent girls (11–18 years) from 3.5% in 1991 to 9.3% in 

2011 (8). Similar analyses in Mexico showed an increase in overweight (defined using 

WHO cut-points (9)) among adolescent girls (12–19 years) from 11.1% in 1988 to 35.8% in 

2012 (10). A 2006 systematic review on “worldwide trends in childhood overweight and 

obesity” included only five LMICs (Brazil, Chile, Serbia, Thailand, and China) and only two 

of those five studies included adolescents (Brazil and China) (11). Several years later, in 

2009, a non-systematic review presented limited prevalence data for overweight and obesity 

among adolescents in seven LMICs (Democratic Republic of the Congo, Nigeria, Egypt, 

Bahrain, China, Vietnam, Mexico, and Brazil) and concluded that no country is free of 

increasing overweight (12).

There is an even greater paucity of data on trends in underweight among adolescents in 

LMICs. A recent systematic review reported the prevalence of underweight for adolescents 

in seven Asian LMICs (China, Bangladesh, India, Malaysia, Vietnam, Bahrain, and Iran) 

(13). In that review, the highest prevalence of underweight was observed in Indian 

adolescent girls (15–19 years) (46.8% in 2005–06, defined using IOTF cut-points (14)), 

followed by Malaysian adolescent girls (12–19 years) (14.3% in 2006, defined using WHO 

cut-points (15)) (13). As with the scientific literature on overweight in adolescents, 

interpreting and comparing the literature on underweight is made problematic by the use of 

different cut-points to define over- and underweight.

Adolescence is a key stage in development and poor health outcomes can be traced to this 

period (16). Adolescence not only represents a critical opportunity to improve maternal 

health, but also child health: both maternal underweight and overweight have been linked to 

poor birth outcomes (17,18). According to the World Health Organization, 16 million 

adolescent girls give birth each year (representing 11% of births worldwide) and 95% of 

these births occur in LMICs (19). Therefore, understanding and improving the nutritional 

status of adolescent girls in LMICs can have widespread impacts on global health. The 

objectives of this analysis were to 1) present the latest regional and national estimates for the 

prevalence of underweight, overweight (including obesity), and the dual burden among 
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adolescent girls in LMICs and 2) evaluate recent trends in the regional and national 

prevalence of underweight, overweight (including obesity), and the dual burden.

Methods

Data sources

Most data (53 countries) are from the Demographic and Health Surveys (DHS), a series of 

nationally representative surveys typically conducted every 5 years (available at http://

www.measuredhs.com). Details of sampling methodology for DHS are described elsewhere 

(20). Additional data are from the Indonesian Family Life Surveys (representative of 83% of 

the Indonesian population) (21), the China Health and Nutrition Surveys (representative of 

43% of the Chinese population) (22), the Vietnam National Health Survey (nationally 

representative) (23), the Brazil national surveys (nationally representative) (24), and the 

Mexican Health and Nutrition Surveys (nationally representative) (25).

Study population and sample size

All analyses were restricted to non-pregnant girls aged 15.0 to 18.9 years (except in Brazil 

where pregnancy status was not available). For aim 1, the most recent national surveys with 

anthropometric data and samples sizes ≥50 when stratified by rural-urban status were 

included (n=58). For aim 2, only countries with at least two surveys with anthropometric 

data and sample sizes ≥50 were included (n=39). Surveys completed before 1997–98 were 

not considered. The overall rural sample size was 94,857 (mean: n=835; range: n=74 for 

China in 2011 to n=10,364 for India in 2005) and urban sample size was 81,025 (mean: 

n=978; range: n=65 for China in 2011 to n=7606 for India in 2005). The mean age of the 

rural sample was 16.5 years and of the urban sample was 16.6 years. A summary of survey 

characteristics is presented in Supplemental Table 1.

Measures

All surveys used standardized protocols to measure weight and height. BMI was calculated 

as weight in kilograms divided by height in meters squared. Under- and overweight 

(including obesity) were defined using the sex- and age-specific cut-points recommended by 

the IOTF (7,14). The dual burden was defined as having prevalences of both underweight 

and overweight ≥10%.

Urban and rural status was defined by each country’s statistical office at the time of each 

survey. Data on national population and gross domestic product per capita (GDPPC) are 

from the 2010 World Bank Development Indicators (26).

Statistical analysis

All statistical analyses were conducted using STATA, version 13 (StataCorp, College 

Station, Texas). Nationally representative prevalence estimates of underweight and 

overweight were calculated according to urban-rural status. To evaluate recent trends in the 

prevalence of under- and overweight, we calculated the annualized change in prevalence 

according to urban-rural status using the two most recent surveys for each country. In order 

Jaacks et al. Page 3

Pediatr Obes. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.measuredhs.com
http://www.measuredhs.com


to improve data visualization and interpretation, national-level results were sorted by 

GDPPC.

Results

Latest regional and national prevalence of under- and overweight

The latest regional and national prevalence of under- and overweight are presented in Figure 

1 and Figure 2, respectively. While there appears to be a trend in rural areas towards higher 

overweight prevalence in countries with higher GDPPC, this trend is not as evident in urban 

areas: the average overweight prevalences for the top 10 versus bottom 10 countries by 

GDPPC in rural areas were 14.0% and 5.4%, respectively, but in urban areas they were 

much closer at 16.9% and 12.2%, respectively. Nearly one-third (n=17/58) of countries 

included in this analysis had a GDPPC >$2500 (Figure 2, Brazil through Egypt). With the 

notable exceptions of Namibia, Mexico, and Peru (which had much higher overweight 

prevalences in urban areas), all countries with a GDPPC >$2500 had approximately 

equivalent overweight prevalences in rural and urban areas.

Underweight remains a significant concern among adolescent girls in LMICs: 67% of rural 

areas and 50% of urban areas had a higher prevalence of underweight compared to 

overweight. South Asia had the highest prevalence of underweight, nearly double that of 

East Asia & the Pacific and Sub-Saharan Africa. While this may largely reflect 2005 data 

from India where approximately 40% of both rural and urban adolescent girls are 

underweight, the other two South Asian countries included in this analysis (Nepal and 

Bangladesh) also had underweight prevalences >20% indicating widespread undernutrition 

in this region. All East Asian & Pacific countries with the exception of urban China also had 

underweight prevalences >20% in both rural and urban areas. In contrast, there was 

substantial geographic variation in Sub-Saharan Africa with underweight prevalences as 

high as 36% in rural Senegal and as low as 4% in urban Malawi. There was also some 

geographic variation in Latin America & the Caribbean, though overall, the prevalence of 

underweight was quite low: only three of the nine countries included in the analysis of this 

region had prevalences > 10% in rural areas (Brazil, Guyana, and Haiti).

Latin America & the Caribbean had the highest regional prevalence of overweight in both 

rural and urban areas. Mexico in particular emerged as having the highest prevalence of 

overweight with over one-third of adolescent girls classified as overweight: prevalence of 

33% and 42% in rural and urban areas, respectively. Two other Latin American countries, 

Bolivia and Nicaragua, also had high overweight prevalences with approximately one-

quarter of adolescent girls in these countries being classified as overweight.

Several countries stood out due to apparent dual burdens of under- and overweight, 

especially in urban areas. Indeed, 38% of countries had both an under- and overweight 

prevalence ≥10% in urban areas. A smaller proportion of countries (19%) had both an 

under- and overweight prevalence ≥10% in rural areas, suggesting that the dual burden is 

currently more common in urban areas. Notable among these were the South American 

countries Brazil (underweight and overweight prevalence of about 15% in both rural and 

urban areas) and Guyana (underweight and overweight prevalence of about 20% in both 
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rural and urban areas), and the African country Mauritania (underweight prevalence just 

under 25% and overweight prevalence of 15% in both rural and urban areas). Interestingly, 

four African countries (Lesotho, Zimbabwe, Rwanda, and Uganda) had an apparent dual 

burden in rural areas but not in urban areas.

Recent trends in the prevalence of under- and overweight

Recent estimates of regional and national annualized change in the prevalence of under- and 

overweight are presented in Figure 3 and Figure 4, respectively.

The prevalence of underweight is decreasing in most all regions with the notable exception 

being rural South Asia. The largest decreases in underweight are occurring in Sub-Saharan 

Africa, namely rural Zambia (−1.17% annually), urban Nigeria (−1.60% annually), and 

urban Mali (−1.20% annually). Large decreases are also occurring in select Asian countries 

including urban Bangladesh (−1.75% annually) and urban China (−1.15% annually). As an 

example to put these results into context, the annualized change in underweight prevalence 

observed in Bangladesh would be equivalent to a 17.5 percentage point prevalence decrease 

over 10 years. In contrast, the largest increases in underweight are also occurring in Sub-

Saharan Africa, namely rural Senegal (+1.60% annually) and urban Niger (+1.25% 

annually). Rural Bangladesh (+1.50% annually), urban Nepal (+1.40% annually), and rural 

Armenia (+1.20% annually) also experienced recent increases in the prevalence of 

underweight.

In rural areas of all regions except Eastern Europe & Central Asia and South Asia, the 

prevalence of overweight is increasing. The largest increases in overweight are occurring in 

rural Gabon (+1.17% annually). Urban Zimbabwe, urban and rural Nicaragua, and urban 

Peru all had an increase in the prevalence of overweight of 1.00% annually. The largest 

decreases in overweight occurred in urban Congo (−1.33% annually).

In regards to the dual burden, the prevalence of underweight in rural areas is decreasing in 

46% of countries; while in all of these countries except two (Zambia and Zimbabwe), the 

prevalence of rural overweight is increasing. In urban areas, the prevalence of both under- 

and overweight is increasing in 18% of countries, representing an increasing dual burden.

Discussion

Underweight remains a significant concern among adolescent girls in LMICs, especially in 

South Asia. India, Bangladesh, and Nepal have an increasing underweight prevalence that is 

nearly double that of East Asia & the Pacific and Sub-Saharan Africa. Of growing concern 

Latin America & the Caribbean had the highest regional prevalence of overweight in both 

rural and urban settings and this prevalence is increasing annually by about 0.5%, which is 

equivalent to a 5% increase over 10 years. Indeed, the latest overweight prevalence in urban 

Mexico (42%) was higher than that for U.S. adolescent girls (12–17 years old) in 2003–2004 

(prevalence of combined overweight and obesity using the IOTF cut points: 34.5%) (27). 

Also of note is the rising prevalence of the dual burden: in 18% of countries the prevalence 

of both under- and overweight is increasing in urban areas.

Jaacks et al. Page 5

Pediatr Obes. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



India (2005) and Senegal (2010) stood out as having the highest prevalences of underweight, 

both in rural and urban areas. India (0.66% from 1998 to 2005) and Senegal (1.60% from 

2005 to 2010) also had some of the highest annual increases in underweight in rural areas. 

Several other Sub-Saharan African countries also had annual increases in underweight in 

rural areas ≥0.50% including Mali, Madagascar, Niger, and Guinea; and another South 

Asian country, Bangladesh, had the second-highest annual increase in underweight in rural 

areas (1.50% from 2007 to 2011). A recent systematic review also reported increasing trends 

in the prevalence of underweight among children and adolescents in Asian LMICs (13). The 

substantial rises in underweight observed in Senegal and Bangladesh are likely the result of 

increasing food insecurity around the world stemming from the rise in grain prices between 

2007 and mid-2008 and the subsequent great recession (28). This trend is not temporary; 

without international intervention, food prices and subsequent food insecurity will continue 

to increase as a result of plateaus in photosynthesis potential, climate change, water 

shortages, and soil erosion. Expanding disparities between the “have’s” and “have not’s” not 

only contribute to poor health outcomes, such as the dual burden described here, but also 

social and political unrest.

Egypt (2005) and several Latin American countries including Mexico, Bolivia, and 

Nicaragua, had the highest prevalence of overweight in both rural and urban areas. This 

result is consistent with previous country-specific data from the Middle East and Central 

America (11) as well as economic data. At some point in LMIC development, perhaps 

around a GDPPC of $2500 (29), the burden of overweight/obesity begins to shift from the 

affluent to the disadvantaged. In this analysis, with the exceptions of Namibia, Mexico, and 

Peru (which had much higher overweight prevalences in urban areas), all countries with a 

GDPPC >$2500 had approximately equivalent overweight prevalences in rural and urban 

areas. Further, particularly in rural areas, countries with higher GDPPCs tended to have 

higher overweight prevalences.

The primary challenge to previous studies that have attempted to compare representative 

data on adolescent under- and overweight between countries has been the use of different 

cut-points to define under- and overweight. We have overcome this challenge by conducting 

primary data analysis, applying the same IOTF sex- and age-specific cut-points throughout, 

and defining a specific age group for all countries. However, our analysis is not without 

limitations. DHS only collects data on women in the household, and therefore our analysis 

was restricted to girls aged 15.0 to 18.9 years. As data become available, sex differences will 

be an important area to explore. Meanwhile, the results presented here are of particular 

importance because girls of childbearing age are a critical point of intervention as pre-

pregnancy BMI is a strong predictor of child health outcomes (17,18).

Furthermore, some countries had small sample sizes and some regions had poor 

representation, particularly North Africa and Eastern Europe & Central Asia. A cut-point of 

n=50 for survey inclusion was chosen recognizing that anthropometric data for this age 

group in LMICs are limited, and that a comprehensive presentation of available data could 

nonetheless be informative for identifying gaps in our current knowledge. In particular, the 

sample size for Egypt was less than 100 in urban areas. This limitation renders the large 

decrease in overweight observed in urban areas of Egypt difficult to interpret and generalize. 
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Finally, while we present the latest available data for all countries, the “latest” data were still 

over 10 years old for 10.3% of countries (Vietnam, Nicaragua, Kazakhstan, Kyrgyz 

Republic, Morocco, and Mauritania). The most recent data available for India are from 

2005, and since that time great achievements in poverty reduction have been made 

throughout India: in 2011–12, 26% of individuals in rural areas and 14% in urban areas 

lived below the poverty line compared to 42% and 26%, respectively, in 2004–05 (30). 

Given that socioeconomic changes and the subsequent nutrition transition and shifts in the 

food systems are occurring at a rapid pace in LMICs, surveys conducted 10 or more years 

ago may not be comparable to surveys conducted more recently. Overall, it is clear from this 

analysis that improved monitoring of adolescent health (e.g. increased sample size and 

survey frequency) is needed in LMICs.

The high levels of both adolescent under- and overweight represent important challenges for 

public health. Adolescent overweight/obesity is associated with severe obesity in adulthood, 

diabetes, and hypertension (16). From an intergenerational perspective, adolescence is a 

critical period as young women prepare for pregnancy. Inadequate maternal nutrition can 

lead to fetal growth restriction, ultimately resulting in small-for-gestational age and low 

birth weight infants (17). Maternal overweight/obesity, even without gestational diabetes, is 

a risk factor for large-for-gestational age, large infant birth weight, and infant overweight/

obesity (17) as well as birth defects (18). Several recent campaigns highlight the importance 

of targeting adolescent girls for improving population health [e.g., the Center for Global 

Development’s “Start with a Girl: A New Agenda for Global Health” and “Girls Count: A 

Global Investment and Action Agenda”].

Reflecting on the results reported here and comparing them to recent trends in under- and 

overweight among adult women in LMICs (3) there appears to be a puzzling contrast 

between high adolescent undernutrition and low adult undernutrition in LMICs. Future 

research needs to explore these age-specific issues and their implications for program and 

policy work.

In conclusion, there is substantial variation across regions and countries in the prevalence of 

adolescent under- and overweight, with increasing dual burdens observed in urban areas. 

Underweight remains an important concern for many countries and should not be 

overlooked. A lack of recent data on this age group, particularly from North Africa, Central 

Asia, Vietnam, and India, continues to be a challenge for comparing results across countries 

and regions. As LMICs develop and the prevalence of overweight increases, the unintended 

consequences of policies in place to combat undernutrition need to be considered. 

Innovative public health interventions that are capable of addressing both ends of the 

malnutrition spectrum are urgently needed, as the anthropometric markers reported here are 

important predictors of future adverse health outcomes for both the adolescent girl and her 

offspring.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject:

• A few published reports from a limited number of low- and middle-income 

countries (LMICs) have evaluated adolescent underweight and overweight 

separately, but most are outdated and not nationally representative

• Furthermore, while the dual burden of under- and overweight has been 

documented at the individual, household, and national level in both adults and 

children < 5 years living in LMICs, it has not been assessed in adolescents

What this study adds:

• This is the first study to describe both under- and overweight in adolescent girls 

living in 58 countries using nationally representative data

• Underweight remains a significant issue for adolescent girls in LMICs: half of 

the countries evaluated had higher prevalences of under- compared to 

overweight

• Nonetheless, there is substantial variation across and within regions in the 

burden of under- and overweight, with increasing dual burdens in many urban 

areas
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Figure 1. 
Latest regional prevalence of under- and overweight among non-pregnant girls aged 15 to 18 

years. Data are weighted by each country’s population and based on the most recent 

nationally representative survey. Under- and overweight defined according to IOTF BMI 

cut-points.
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Figure 2. 
Latest national prevalence of under- and overweight among non-pregnant girls aged 15 to 18 

years in low- and middle-income countries sorted by gross domestic product per capita 

(GDPPC). Based on the most recent nationally representative survey. Under- and 

overweight defined according to IOTF BMI cut-points.
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Figure 3. 
Regional annualized change in the prevalence of underweight and overweight among non-

pregnant girls aged 15 to 18 years. Data are weighted by each country’s population and 

based on the two most recent nationally representative surveys. Underweight and 

overweight defined according to IOTF BMI cut-points.
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Figure 4. 
National annualized change in the prevalence of under- and overweight among non-pregnant 

girls aged 15 to 18 years in low- and middle-income countries sorted by gross domestic 

product per capita (GDPPC). Based on the two most recent nationally representative 

surveys. Under- and overweight defined according to IOTF BMI cut-points.
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