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Abstract

South Asia continues to carry the greatest share and number of wasted children worldwide.

Understanding the determinants of wasting is important as policymakers renew efforts to

tackle this persistent public health and development problem. Using data from national sur-

veys in Bangladesh, India, the Maldives, Nepal, Pakistan and Afghanistan, this analysis

explores factors associated with wasting among children aged 0 to 59 months (n = 252,797).

We conducted multivariate mixed logistic regression and backwards stepwise methods to

identify parsimonious models for each country separately (all p values <0.05). Younger chil-

dren (0 to 5 months), and those whose mothers had a low body mass index (<18.5 kg/m2)

had greater odds of being wasted in all countries. Later birth order, being male, maternal illit-

eracy, short maternal stature, lack of improved water source, and household poverty were

also associated with wasting in various countries, but not systematically in all. Seasonality

was also not consistently associated with wasting in the final models. These findings suggest

that pre-conception (adolescence), pregnancy and early postpartum, represent windows of

opportunity for tackling child wasting, not only stunting. Our analysis suggests that the under-

lying determinants of wasting and stunting in South Asia are similar, but not universal across

geographies. Cost-effective interventions to prevent both stunting and wasting, and to treat

severe wasting, need to be scaled up urgently. Separating these two manifestations of child

undernutrition in conceptual and programmatic terms may unnecessarily impair progress to

reach the Sustainable Development Goals targets aimed at addressing both child stunting

and wasting.

Introduction

Approximately 52 million children worldwide suffered from wasting in 2016, defined as a

weight-for-height Z-score (WHZ) < -2 of WHO’s Child Growth Standards [1]. More than

half of them resided in South Asia [2]. The prevalence of wasting in South Asia is above the

15% threshold that establishes child wasting as a ‘critical public health problem’ [3, 4]. Wasting
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is a state of nutritional deficiency that carries severe health consequences, the most immediate

being a heightened risk of mortality. Around 13% of worldwide deaths among children under

5 years of age were attributed to wasting in 2015—representing 875,000 preventable child

deaths [5].

A large body of literature has highlighted the mortality and morbidity consequences of

wasting [5–8]. Rarely caused by any one factor alone, wasting results from an interplay among

poverty, disease, caring practices and diets, which vary by contexts. Serious health insults, such

as cholera or malaria, often trigger weight loss (through diarrhea and appetite suppression),

but also a loss of muscle and fat tissue caused by inadequate macro and micronutrient intakes

and/or retention [9]. The interplay of poor diet and poor health manifests not only in acute

symptoms, such as the appearance of bilateral pitting oedema, but also through chronic infec-

tions and inflammation—both within the gut and system-wide [10]. Wasted children are

therefore extremely susceptible to life-threatening infections as a consequence of secondary

immunodeficiencies [11]. Moreover, wasting often re-occurs among surviving children, likely

contributing to stunting and other forms of longer-term developmental impairment [12, 13].

Despite these risks, wasting has been reduced only slowly at a global level over the past 40

years, with some countries, such as India and Sri Lanka, recently noting rising prevalence rates

[2, 14]. For example, the economic performance of India over recent years has not translated

into a reduction in wasting, and India today reports the highest prevalence and highest num-

ber of wasted children in the world, at around 15.4% or 27 million children aged 0 to 59

months [2, 15]. Similarly, while Nepal has reduced child stunting (linear growth failure) rap-

idly in recent decades (brought down from 57% in 2001 to 36% in 2016), the prevalence of

wasting has remained static in the 10–13% range over the same period [2].

The continued high burden of child wasting represents an urgent policy priority [16]. The

global Sustainable Development Goals (SDGs) include a global target for 2025 aimed at reduc-

ing, and then maintaining, child wasting to below 5% [17]. Achieving this goal will require a

scale up of evidence-based policies and programmes. The World Bank has estimated that the

cost of treating 91 million severely wasted children globally would be around $9 billion over 10

years; averaging $90 per child in South Asia [18]. While significant in terms of the health bud-

gets of low income countries, every US$1 invested in treatment for severe wasting would result

in about $4 in economic returns.

Yet, while there is growing global agreement on the need for action, there remain many

gaps in our understanding first, of the drivers of wasting specific to different geographies of

the world, and second, how to prevent wasting as compared to stunting. For example, it was

shown in the 1990s that national factors explained “almost all of the differences” in wasting

across regions, and that “the prevalence of wasting relative to that of stunting was higher in

Asia than in Africa when adjusting for national factors” [19]. That work suggested that con-

text-specific interactions among key factors underpinned the emergence of wasting in parts of

Africa versus parts of Asia. Similarly, exploring the social context of wasting across regions,

Fernandez et al. (2002) showed that access to safe water was an important determinant of vari-

ability in Asia, while Low Birth Weight mattered most in Latin America, and adult literacy (a

proxy for schooling) was most significant in sub-Saharan Africa [20]. But determinants also

vary within regions. A study using nationally-representative data from 62 countries derived

between 1990 and 2014 showed that while level of parents’ education matters significantly for

reduced stunting, this does not apply equally for wasting globally; and even within a region

like South Asia, a mothers’ education has a stronger impact on wasting than a father’s educa-

tion in India and Pakistan, but not in Nepal [21].

This study seeks to shed more light on the determinants of wasting across South Asia to

support more effective local and regional action. Better policies and investments aimed at
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wasting have to be informed by evidence of current determinants across contexts. We use the

most recent cross-sectional survey data from Afghanistan, Bangladesh, India, the Maldives,

Nepal and Pakistan, dating from 2009 to 2016. These data are used to assess wasting disparities

across the region and within countries, and to determine the individual, maternal, household,

and environmental level factors that may explain such patterns. The co-occurrence of stunting

and wasting in each country is also presented.

Methods

Datasets

The Afghanistan National Nutrition Survey (NNS) 2013, Bangladesh Demographic and Health

Survey (DHS) 2014, India NFHS 2016, the Maldives DHS 2009, Nepal DHS 2016, and Pakistan

DHS 2013 were used in this analysis. Each survey is described in S1 Table. Due to a lack of

comparable accessible data, Bhutan and Sri Lanka were not be included in this analysis.

All surveys used multistage cluster sampling, with some variation by country. In general,

households from selected clusters, or enumeration areas, were included, some surveys used

stratification. All surveys included sample weights in the dataset. However, sample weights for

Afghanistan were not provided on the same scale as those used in the DHSs and NFHS. There-

fore weights were included in by-country summaries, but not included in the pooled summa-

rized for this regional analysis. Detailed study designs have been published elsewhere [22–26].

Data from each country were imported into Stata14.1 (Stata Corp) and merged for analysis.

Analytic sample

Children under 5 years of age were included in the analysis if they had a plausible value for

WHZ (i.e. ranging from -5 to 5) and their mother was not pregnant at the time of the survey,

as maternal body-mass index was explored as a factor associated with child wasting.

Child variables

Anthropometric measures of height and weight were taken for each child, one to three times

depending on the survey, and age was calculated based on date of birth or reported age. All

weights were measured with a digital SECA scale manufactured under the guidance of the

United Nations Children’s Fund (UNICEF), and heights were measured with Shorr Produc-

tions measuring boards. Recumbent length was assessed for all children under 24 months of

age, while standing height was measured for older children. In Bangladesh and Pakistan, recum-

bent length was also measured for children shorter than 85 centimeters, regardless of age.

WHZ, HAZ, were calculated for each child using the WHO growth reference standards [1].

Appropriate Z score variables existed in the DHS datasets and were calculated for the Afghani-

stan NNS dataset using zscore06 [27]. Wasting (WHZ< -2), severe wasting (WHZ< -3), stunt-

ing (HAZ< -2), underweight (WAZ< -2) and overweight (WHZ> 2) were defined using

corresponding z scores [1]. Additional variables were created to identify which children were

both stunted and wasted.

The sex of each child was recorded. Caregivers were asked to report whether the child had

experienced diarrhea in the past 14 days. The birth order and birth month of the child was

recorded in the DHS datasets. Birth order was recorded in the Afghanistan NNS but birth

month was only available for a subsample of the children.
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Maternal variables

Age of mother was available in most datasets, but collected for only subsample of women in

Afghanistan. Typically, a woman was asked whether she was married, currently working outside

the home, currently pregnant, the number of times she had given birth, and her literacy level

and level of formal education completed. A median split by country was used to dichotomize

the number of times the woman had given birth. Due to inconsistencies across surveys in mea-

suring educational attainment, literacy level was used as an indicator for all countries except

Maldives where no formal education was used. Height and weight were measured and BMI was

calculated and categorized into underweight, normal, and overweight according to the Interna-

tional Classifications. Short stature was defined as a height of� 145cm based on the work of

Subramanian et al (2009) which showed that Indian children born to mothers<145 cm in

height were 1.71 times more likely to die (95% CI, 1.37–2.13) than those of mothers>160 cm in

height [28]. Those authors also found similar patterns for child anthropometric failure. The cut-

off of<145 cm has been widely used in subsequent multi-country studies [29, 30].

Household variables

While most variables were collated across the 6 country datasets, some individual variables

were missing or classified differently; these were dropped from the combined samples. For

example, information on religion was not available for Afghanistan, the Maldives and Paki-

stan. Being of the predominant religion or not was dichotomized in the other three countries

used here: Islam in Bangladesh, and Hinduism in India and Nepal. Source of drinking water

and type of sanitation facility use were collected and dichotomized into improved water or

not, and improved sanitation or not, based on the distinctions made in each survey. Improved

water included piped water, borehole/tube well, hand pump, protected well, protected spring,

rainwater and bottled water; improved sanitation included flush to piped sewer system, flush

to septic tank, flushed to pit latrine, ventilated improved pit latrine and pit latrine with slab.

A location specific wealth index was available for each country using principal components

analysis, based mainly on reported asset ownership. Wealth index and quintiles were derived

for Afghanistan using a principal component analysis of assets, the methods of the correspond-

ing final report. The number of people in each household was available, and a median split by

country was used to dichotomize this variable. The DHS datasets included data on the sex of

the head of the household and whether the husband had any formal education.

Environmental variables

South Asia has a range of sub-region definitions. For example, there are 34 provinces in

Afghanistan, 7 divisions in Bangladesh, 29 states in India, 6 geographic regions of the Mal-

dives, 7 provinces in Nepal and 6 provinces and regions in Pakistan. The distinction between

urban or rural setting was recorded in each case, as well as the month and year of the interview,

from which a variable was derived for the rainy or monsoon season specific to each country.

Analysis

We determined the prevalence of being wasted, severely wasted, stunted, wasted among

stunted, stunted among wasted, and being stunted and wasted concurrently by country. Pat-

terns of wasting, severe wasting, stunting, and stunting and wasting were examined across

ages, mother’s BMI, seasons, and by urban and rural designations. We used multivariate

mixed logistic regression to identify individual, maternal, household and environmental fac-

tors significantly associated with wasting in each country.

Child wasting in South Asia
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Variables with very low or very high prevalence (<5% or>95%) were not included in the

analysis, such as marital status or, in some countries, child’s recent diarrhea, maternal short

stature, currently working and improved water and sanitation. The Maldives did not have an

urban/rural distinction that was distinct from the regions and Pakistan’s DHS was conducted

entirely in the non-monsoon seasons.

An initial model was run with all potential factors associated with child wasting, from

which backwards stepwise methods led to the removal of insignificant variables (p>0.05),

resulting in a parsimonious model. To identify associates of wasting specific to urban and

rural regions by country, the samples were stratified by urban and rural and the process of

developing multivariate mixed logistic regression models was repeated.

Ethical considerations

The various surveys’ ethical procedures were published in the respective survey reports.

Informed consent was reportedly provided by study participants. The current study used de-

identified datasets for all work presented in this paper.

Results

A total of 252,797 children aged 0 to 59 months were included in the pooled dataset (Table 1).

Year of data collection ranged from 2009 (Maldives) to 2016 (India and Nepal). Mean house-

hold size ranged from approximately 6 people in Bangladesh India, and Nepal to 9 people in

the Maldives and Pakistan.

The prevalence of wasting in these populations ranged from 9.5% in Afghanistan to 21.0%

in India, while the prevalence of severe wasting ranged from 1.9% in Nepal to 7.4% in India

(Table 2). The prevalence of stunting in the same sample ranged from 18.0% (in the Maldives)

to 44.4% (Pakistan), and the prevalence of children who were both wasted and stunted ranged

from 2.2% in the Maldives to 6.6% in India. Due to the lower prevalence of a) severe wasting

and b) being both wasted and stunted, we did not examine factors associated with these condi-

tions in statistical models.

Factors associated with wasting

Numerous variables were associated with child wasting in each country (Table 3). Child’s age

was associated with wasting in all countries, with greater odds of wasting systematically among 0

to 5-month old children. Sex was also significantly associated with wasting in most countries,

but not in the Maldives and Nepal. In general, boys were more likely to be wasted than girls,

with increased odds of wasting ranging from 16% in India to 36% in Pakistan (p< 0.05 for

both). Children’s odds of being wasted increased with birth order in the Maldives (AOR: 1.10)

and Nepal (AOR: 1.09) and differed by birth month in Nepal. Finally, children who were stunted

were also more likely to be wasted in Bangladesh, but were less likely to be wasted in India.

In terms of maternal characteristics, low BMI (<18.5 kg/m2) was significantly associated

with wasting in all countries, except Pakistan. The increased odds of being wasted among chil-

dren of mothers with a BMI< 18.5 kg/m2 ranged from 38% in India to 85% in the Maldives.

Maternal overweight (BMI� 25 kg/m2) was associated with a lower likelihood of child wasting

in Bangladesh, India, Nepal and Pakistan. This is visually reflected in the shift in the distribu-

tion of children’s WHZ as maternal BMI increases (Fig 1). Illiterate mothers were more likely

to have a wasted child in India (AOR: 1.12) and Nepal (AOR: 1.65) compared to literate moth-

ers (p<0.01) (Table 3). Finally, maternal short stature was associated with child wasting in

India (AOR: 1.22).
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At the household level, the prevalence of wasting was generally higher among children

from poorer households (Fig 2), but a strong significant association between lower household

wealth and higher odds of child wasting was only found in India (AOR for children in poorest

households: 1.55). Similarly, lack of improved water source was associated with greater likeli-

hood of child wasting in India and Bangladesh (AOR: 1.03 and 1.78, respectively).

Region of residence was significantly associated with wasting in Afghanistan, Bangladesh,

India and Pakistan in adjusted and final models. Region was defined as province in Afghanistan,

where, compared with Kabul, the likelihood of wasting was significantly higher in Wardak (AOR

(95%CI): 3.41 [1.49, 7.82]), Nangarhar (4.83 [2.17, 10.78]), Laghman (3.07 [1.41, 6.67]), Paktia

(4.57 [2.16, 9.89]), Khost (7.21 [3.25, 16.00]), Kunar (8.13 [3.72, 17.76]), Nuristan (14.58 [4.73,

44.93]), Urozgan (7.20 [3.04, 17.07]), Zabul (3.49 [1.49, 8.15]), and Helmand (3.29 [1.38, 7.82])

which have been largely inaccessible to development or humanitarian actors for many years.

In Bangladesh, divisions were the region of residence unit analyzed. Children in Barisal

(1.36 [1.02, 1.81]) and Rajshahi (1.42 [1.07, 1.88]) were more likely to be wasted compared

with children in Dhaka. Similarly, in India, the likelihood of wasting was significantly higher

in five states (Gujarat, Haryana, Karnataka, Madhya Pradesh and Jharkhand), compared with

New Delhi, while in thirteen states the likelihood was significantly lower (Manipur, Mizoram,

Nagaland, Chandigarh, Jammu and Kashmir, Lakshadweep, Meghalaya, Himachal Pradesh,

Arunachal Pradesh, Tripura, Assam, Andhra Pradesh and Uttar Pradesh). In Pakistan, where

Islamabad was the reference region, the adjusted odds ratio for child wasting for all other

regions were not significant.

Table 1. Characteristics of the study populations1.

Afghanistan Bangladesh India Maldives Nepal Pakistan

Source NNS 2013 DHS 2014 NFHS 2016 DHS 2009 DHS 2016 DHS 2013

n 13,037 6,965 225,002 2,353 2,369 3,071

Children
Age (m)2 24.92±16.50 29.29±16.98 30.06±16.97 28.76±17.16 29.49±17.19 29.82±17.26

Female [%] 48.60 48.14 48.09 50.05 47.82 49.56

Mother
Age (y)2 28.38 ±6.75 25.55 ±5.82 26.80 ±4.93 29.29 ±5.65 26.34 ±5.66 29.19 ±6.02

BMI (kg/m2)2 23.09 ±3.92 21.60 ±3.90 21.24 ±3.91 24.49 ±4.56 21.55 ±3.59 23.46 ±5.09

Short stature3 [%] 2.75 12.69 11.77 9.03 11.07 4.39

Literate [%] 19.08 76.35 66.13 —4 64.30 45.42

Working [%] 2.88 26.23 16.56 32.38 50.17 27.30

Number of births (n)2 4.20 ±2.38 2.35 ±1.48 2.46 ±1.44 2.55 ±1.81 2.47 ±1.59 3.89 ±2.34

Household
People in household (n)2 7.70 ±3.13 6.01 ±2.72 6.56 ±2.92 8.79 ±4.08 6.15 ±2.89 8.90 ±4.74

Dominant religion [%] — 91.43 78.70 — 85.69 —

Improved sanitation [%] 37.53 69.38 50.76 98.84 75.30 74.40

Improved water [%] 62.03 97.96 92.09 99.86 95.15 91.25

Environment
Rural [%] 77.01 74.81 75.22 69.23 46.99 68.90

Interview conducted in rainy season 68.12 93.29 29.34 37.30 51.22 0.00

1Estimates account for sample weights based on study design
2Mean ±SD
3Height <145cm
4Data was not collected

https://doi.org/10.1371/journal.pone.0198749.t001
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Rural vs urban settings

The prevalence of wasting, severe wasting and the co-occurrence of being wasted and stunted,

was higher in rural areas than in urban areas in all countries (Fig 3). When the process of iden-

tifying factors associated with wasting was repeated using urban/rural stratification some dis-

tinct differences emerged, as summarized in Table 4. For example, child’s age was not

significantly associated with wasting in urban households in the Maldives or Nepal, and only

marginally significant in Pakistan. Being male was no longer associated with wasting in urban

Afghanistan or Bangladesh, nor in rural Pakistan. Stunting was inversely associated with wast-

ing among rural Afghani children, but positively associated with wasting in urban Afghanistan,

and birth order was no longer associated with wasting in the Maldives or Nepal, but was posi-

tively associated with wasting in urban India.

There were a number of maternal characteristics that were associated with wasting that

were country-specific. Urban Afghani and Nepalese women and rural Indian women who had

given birth more times were more likely to have a wasted child than similar women who had

given birth less frequently. The case was also marginally significant among urban Pakistani

women. Rural Bangladeshi children were more likely to be wasted if they had a mother of

short stature and children with working mothers in rural Bangladesh and urban Maldives

were more likely to be wasted than children of mothers who were not working.

Table 2. Estimates of child anthropometric outcomes1,2, by country and pooled.

Afghanistan Bangladesh India Maldives Nepal Pakistan South Asia (unweighted)

n 13037 6965 225,002 2353 2369 3071 252,797

Outcome
Weight-for-height z score -0.28 ±0.01 -0.89 ±0.01 -1.03 ±0.003 -0.45 ±0.03 -0.65 ±0.02 -0.51 ±0.02 -0.91±0.002

Height-for-age z score -1.54 ±0.02 -1.54 ±0.02 -1.48 ±0.004 -0.89 ±0.03 -1.52 ±0.03 -1.77 ±0.03 -1.49 ±0.003

Wasted (WHZ <-2) 9.48 14.36 21.04 10.72 9.78 10.68 19.44

(8.97, 9.98) (13.54, 15.18) (20.87, 21.20) (9.47, 11.97) (8.58, 10.98) (9.59, 11.77) (19.28, 19.59)

Severely wasted

(WHZ <-3)

3.85 3.10 7.43 2.38 1.86 3.12 7.05

(3.52, 4.18) (2.69, 3.51) (7.32, 7.54) (1.77, 3.00) (1.32, 2.41) (2.50, 3.73) (6.95, 7.15)

Stunted (HAZ <-2) 39.50 36.24 38.37 17.96 35.80 44.41 38.35

(38.64, 40.35) (35.11, 37.37) (38.17, 38.57) (16.41, 19.51) (33.87, 37.73) (42.65, 46.16) (38.16, 38.54)

Neither wasted nor stunted (%) 54.38 54.80 47.22 73.54 57.78 49.98 48.30

Wasted and not stunted (%) 6.12 8.96 14.42 8.49 6.42 5.61 13.34

Stunted and not wasted (%) 36.21 30.84 31.75 15.73 32.50 39.34 32.25

Wasted and stunted (%) 3.29 5.40 6.62 2.23 3.30 5.07 6.11

Wasted among stunted children3 8.32 14.91 17.26 12.40 9.22 11.42 15.92

(7.57, 9.06) (13.52, 16.29) (17.00, 17.51) (9.32, 15.47) (7.28, 11.17) (9.74, 13.09) (15.69, 16.16)

Wasted among non-stunted children3 10.12 14.05 23.39 10.35 10.00 10.09 21.64

(9.43, 10.81) (13.03, 15.08) (23.17, 23.61) (8.99, 11.72) (8.48, 11.51) (8.66, 11.53) (21.44, 21.85)

Stunted among wasted children3 34.91 37.62 31.47 20.77 33.97 47.46 31.40

(32.37, 37.46) (34.62, 40.62) (31.05, 31.90) (15.95, 25.59) (27.76, 40.18) (41.95, 52.97) (31.00, 31.82)

Stunted among non-wasted children3 39.97 36.01 40.20 17.62 36.00 44.04 40.03

(39.07, 40.87) (34.79, 37.23) (39.98, 40.43) (15.98, 19.26) (33.96, 38.03) (42.18, 45.90) (39.82, 40.25)

WHZ, weight-for-height z score; HAZ, height-for-age z score
1Estimates account for sample weight based on study design except when specified otherwise
2Mean ±SE and % (95%CI)
3Sample is subgroup specified

https://doi.org/10.1371/journal.pone.0198749.t002
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Table 3. Adjusted odds ratios (AORs) of wasting among children in South Asia and by country1.

Afghanistan Bangladesh India Maldives Nepal Pakistan

n in model 9693 6046 193,639 2116 2215 2609

Variable AOR AOR AOR AOR AOR AOR

Environmental

Region2 �� �� �� — — �

Rural —3 1.24� 0.96� NA4 — —

Rainy Season 0.76�� — 1.41� — 1.81�� NA

Household

Wealth (Ref richest)

Richer — — 1.09� — — —

Middle — — 1.18� — — —

Poorer — — 1.32� — — —

Poorest — — 1.55� — — —

Improved water (lacking) — 1.78� 1.05� NA — —

Improved sanitation (lacking) — — — NA — —

Mother

Age [y]5 NA(#) — — — — —

Illiterate6 — — 1.12�� — 1.65�� —

Body mass index (ref normal)

Thin (<18.5 kg/m2) 1.55��� 1.56�� 1.38�� 1.85�� 1.48� 1.33

Overweight (�25 kg/m2) 0.87 0.70�� 0.67�� 0.86 0.51� 0.64��

Short stature (<145cm) NA — 1.22�� — — NA

Number of times given birth7 — — — — — —

Child

Male 1.27��� 1.18� 1.16�� — — 1.36�

Age (Ref <6mo)

6-12mo 0.93 0.85 0.80�� 0.52� 1.45 0.99

13-24mo 0.70��� 0.68� 0.65�� 0.41�� 0.80 1.00

25-36mo 0.49��� 0.60�� 0.59�� 0.61� 0.45�� 0.45��

37-48mo 0.38��� 0.62�� 0.52�� 0.70 0.43� 0.43��

49-59mo 0.29��� 0.78 0.50�� 0.78 0.49� 0.39��

Stunted 0.75��� 1.20� 0.58�� — — —

Recent diarrhea NA NA — — — —

Birth month5 NA — — — 0.95� —

Birth order5 — — — 1.10�� 1.09� —

The following variables were tested but not significant in any of the final multivariate models: number of people in household, father’s lack of formal education, sex of

household head, working mother

Children of pregnant mothers were not included in the analysis (n = 2079 in AFG, 333 in BGD, 3425 in IND, 127 in MDV, 147 in NPL, and 447 in PAK)

�p < 0.05,

��p< 0.01,

���p<0.001
1AORs from final multivariate logistic regression models accounting for cluster design of surveys; in the case of “South Asia” country is considered cluster; each column

represents a separate model
2Due to the number and difference in regions by country, this has not been expanded, but has been described in the text (AFG divided into 34 provinces; BDG, 7

districts; India 29 states; Pakistan 6 regions)
3Did not remain in the parsimonious model (all p < 0.05)
4Factor not tested due to very high or low prevalence in the population (>95% or <5%)
5Continuous variable
6No formal education was used in the Maldives
7Median split by country used with the lower split being the reference group

https://doi.org/10.1371/journal.pone.0198749.t003
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Lack of improved sanitation was a factor associated with child wasting in rural Pakistan and

urban India (marginally), whereas the lack of access to improved water was associated with

increased odds of child wasting among rural children in India. Less household wealth was

associated with increased odds of wasting among children in rural India and Nepal

Fig 1. Kernal density estimates of WHZ by maternal BMI categories of under-, normal and over-weight, by country.

https://doi.org/10.1371/journal.pone.0198749.g001
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(marginally), and the rainy season was also associated with increased odds of wasting among

children in rural Nepal.

Discussion

The prevalence of wasting across the 6 countries considered in this analysis ranged from 9% in

Afghanistan to 21% in India. According to WHO thresholds, a level above 10% represents a “seri-

ous public health emergency”, and rates above 15% amount to a critical situation [2]. In other

words, South Asian governments have to ensure a concerted effort to prevent and treat child wast-

ing if national, regional and global nutrition, health and survival targets for children are to be met.

While this study identified country-specific predictors of child wasting, several commonali-

ties are apparent across the region. For instance, wasting was consistently highest among chil-

dren aged 0 to 5 months, ranging between 13% and 31%, and typically lowest among older

children aged 48 to 59 months. In other words, infants are very vulnerable to wasting, while

stunting generally increase with age from early childhood to around 24 to 35 months, as

described globally by Victora et al. (2010).

Low maternal BMI was significantly associated with wasting across all countries considered

in our analysis and maternal thinness ranged from 8% in the Maldives to 25% in India. The

relationship between low maternal BMI and child wasting may be mediated through poor

birth outcomes that have been associated with low maternal BMI previously, such as a recent

study conducted in Bangladesh [31].

Boys were 16% to 36% more likely to be wasted than girls in Afghanistan, Bangladesh, India

and Pakistan. This runs counter to some early literature on child undernutrition in South Asia

that has reported girls being more likely to be stunted or wasted than boys [32, 33]. However,

Fig 2. Prevalence of wasting among children 0–59 months old by wealth quintiles.

https://doi.org/10.1371/journal.pone.0198749.g002
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all Demographic and Health Surveys in Bangladesh, India and Nepal since the mid-1990s have

documented that the prevalence of wasting is systematically higher among boys than girls.

This is now also seen to hold at global level [13]. However, this relationship deserves further

study, given that Raj et al. recently reported gendered effects of number and sex of siblings on

child malnutrition in South Asia [34].

The high prevalence of children who are both wasted and stunted requires urgent attention.

The fact that over 5% of Bangladeshi, Indian and Pakistani children exhibit both manifesta-

tions of undernutrition simultaneously is a serious concern; the combined effects of wasting

and stunting are likely to amplify the risks associated with each condition separately [35]. Both

conditions increased susceptibility to morbidity.

We did not find a strong pattern of wasting in relation to season or wealth. Household

wealth has been widely referenced as a determinant of wasting [36, 37]. However, in our

adjusted models, household wealth was not consistently associated with wasting across South

Asia. It is possible that historically, when poverty rates in the region were higher than today,

wealth played a relatively stronger role. Today, access to improved water and sanitation and

maternal BMI are stronger predictors of wasting in this population once asset ownership has

been controlled for.

It is also possible that the socioeconomic inequalities in child wasting in South Asia have

attenuated over time, as seen with anemia among women of reproductive age in India [38].

For example, in 2006 the prevalence of wasting among Indian children from the poorest wealth

quintile was 25% while among children from the richest wealth quintile it was 13%, resulting

in an inequality ratio of 1.92 [39]. This inequality has shrunk in 2016, where 25% of children

Fig 3. Percent of children wasted, wasted and stunted, and severely wasted across urban and rural, by country.

https://doi.org/10.1371/journal.pone.0198749.g003
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Table 4. Adjusted odds ratios (AORs) of wasting among children in South Asia and by rural and urban and by country1.

Afghanistan Bangladesh India Maldives Nepal Pakistan

Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban

n in model 8187 1236 4095 2112 156671 49792 1830 305 968 1250 1404 1141

% wasted 11.21 7.20 15.75 11.80 20.97 18.92 12.49 7.21 9.71 10.08 11.32 9.83

Variable AOR AOR AOR AOR AOR AOR AOR AOR AOR AOR AOR AOR

Environmental

Region2 �� —3 � — �� �� — NA4 — — — —

Rainy Season — — — — 1.40�� 1.34�� — — 2.08�� — NA NA

Household

Wealth (Ref richest)

Richer — — — — 1.13� — — — 1.72 — — —

Middle — — — — 1.26�� — — — 0.65 — — —

Poorer — — — — 1.41�� — — — 0.64 — — —

Poorest — — — — 1.65�� — — — 0.59 — — —

Improved water (lacking) — — 1.64� NA 1.05� — NA NA — — — NA

Improved sanitation (lacking) — — — — — 1.17 NA NA — — 1.59� —

Household size5 — 0.57� — — — — — — — — —

Husband has no formal educ NA NA — — — — — — — — —

Mother

Age [y]6 NA NA — — 1.01�� — — — — — — —

Illiterate7 — — — — 1.12�� — — NA 1.94�� 1.61� — —

Body mass index (ref normal)

Thin (<18.5 kg/m2) 1.49�� 2.16� 1.51�� 1.75�� 1.41�� 1.29�� 1.81�� — — 1.49 1.67� 1.07

Overweight (�25 kg/m2) 0.86 0.76 0.78� 0.61�� 0.67�� 0.64�� 0.88 — — 0.45� 0.84 0.48��

Short stature (<145cm) NA NA 1.44�� — 1.23�� 1.21�� — — — — NA NA

Number of times given birth5 — 1.92� — — 1.05�� — — — — 1.52� — 1.41

Currently working — 1.25� — — — — 2.86� — — — —

Child

Male 1.26�� — 1.26�� — 1.16�� 1.18�� — — — — — 1.87��

Age (Ref <6mo)

6-12mo 0.94 0.90 0.99 0.53� 0.84 0.71�� 0.46�� — 1.37 — 1.04 1.02

13-24mo 0.72�� 0.55 0.84 0.42�� 0.69�� 0.52�� 0.44�� — 0.74 — 0.80 1.78

25-36mo 0.50�� 0.40� 0.69� 0.45�� 0.63�� 0.49�� 0.69 — 0.27�� — 0.48� 0.47

37-48mo 0.39�� 0.33�� 0.61�� 0.60� 0.52�� 0.50�� 0.79 — 0.26�� — 0.36�� 0.57

49-59mo 0.29�� 0.24�� 0.90 0.53� 0.50�� 0.47�� 0.88 — 0.40� — 0.34�� 0.61

Stunted 0.68�� 2.23�� — 1.37� 0.56�� 0.6�� — — — — 0.67� —

Recent diarrhea NA NA NA NA — — — NA — — — —

Birth month6 NA NA — — 0.99�� — — — — — — —

Birth order6 — NA — — — 1.06�� — — — — — —

Sex of household head was tested but not significant in any of the final multivariate models

Children of pregnant mothers were not included in the analysis

�p < 0.05,

��p< 0.01
1AORs from final multivariate logistic regression models accounting for cluster design of surveys; each column represents a separate model
2Due to the number and difference in regions by country, this has not been expanded
3Did not remain in the parsimonious model (all p < 0.05)
4Factor not tested due to very high or low prevalence in the population (>95% or <5%)
5Median split by country used with the lower split being the reference group
6Continuous variable
7No formal education was used in the Maldives

https://doi.org/10.1371/journal.pone.0198749.t004
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in the lowest wealth group were wasted compared with 18% in the highest wealth group—an

inequality ratio of 1.39 [26].

However, while the distribution of wasting across income groups has fallen in several parts

of South Asia, the absolute number of children affected remains unacceptably high. If nations

across this region are to achieve the wasting reduction targets embedded in the SDGs, they will

have to quickly scale up strategies for the prevention of child wasting in the context of broader

nutrition investments while strengthening the scale and effectiveness of programmes for the

treatment of severe wasting in children. Evidence-based interventions to treat severe wasting

are known, but coverage in South Asia remains low. At a cost of roughly US$ 200 per treat-

ment [40], WHO deems targeted actions against wasting as “not only vital but also cost effec-

tive [17]. The World Bank recently estimated that every US$1 invested in the treatment of

severe wasting brings US$4 in economic benefits [16]. A large part of the cost-benefit calcula-

tion derives from lives saved by tackling severe acute malnutrition, approximately 350,000

child deaths averted per year [37].

There are undoubtedly operational problems that need to be overcome if child wasting is to

be appropriately prevented and treated. Integrating community-based management of severe

wasting into health service delivery at a national level is challenging, primarily because of organi-

zational and financial weaknesses in most national and sub-national health systems, particularly

in rural settings, including challenges in ensuring adequate long-term funding to scale up train-

ing, staffing and regular provision of supplies. As a result, the current effective coverage of these

programmes in less than 20% across Bangladesh, India, Nepal, Pakistan, and Sri Lanka [15].

Importantly, while treatment programmes will save lives, the current scale of wasting in

South Asia requires attention to preventive programmes. Many of the underlying determinants

of wasting overlap with those of stunting, which has become the primary focus of nutrition pro-

gramming in recent years. Emphasis has appropriately come to be placed on the “first 1,000

days”, that is, the period from conception through two years of life, as the critical window of

opportunity where substantial impacts can be achieved on child physical growth and brain devel-

opment [5, 41, 42]. Our analysis confirms that maternal nutrition reflected in BMI and short

stature and maternal literacy and age are all predictors of wasting, just as they generally are for

stunting. Similarly, the high prevalence of wasting in infants aged 0 to 5 months in South Asia

calls for interventions during the prenatal and postnatal period, including greater support to

early breastfeeding initiation and exclusive breastfeeding during the first six months after birth.

These overlaps argue strongly for joint attention to the drivers of wasting and stunting,

with a view to better prevent both. WHO (2014) notes that “programmes, policy, research and

financing for wasting and stunting have been separate. Both wasting and stunting (. . .) share

causal pathways, which suggest that action on one is very likely to impact the other” [17].

Investments are urgently needed throughout South Asia in the nutrition and health of adoles-

cent girls, women’s education and empowerment, maternal pre- and post-natal nutrition and

health, promotion, protection and support for exclusive breastfeeding, access to quality com-

plementary foods and hygienic feeding practices, safe water and sanitation, and nutrition-sen-

sitive public sector actions across sectors. These ‘conventional’ approaches to preventing

stunting will undoubtedly contribute to prevent wasting.

Study strengths and limitations

There are a number of limitations to this analysis. Comparable data were not accessible for

Bhutan and Sri Lanka, limiting our analysis to six of the eight South Asian countries. The anal-

ysis presented here provides a cross-sectional view of wasting by country, and therefore is lim-

ited to interpretation of factors associated with wasting rather than inferring causality.
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Similarly, given the nature of the datasets included in this study, many covariates that have

previously been linked to wasting (e.g. food security and child’s energy expenditure) were not

measured and therefore not included in this analysis. While we document the prevalence of

the coexistence of wasting and stunting, the cross sectoral nature of the dataset limits our abil-

ity to draw conclusions about the directionality of the relationship between wasting and

stunting.

Despite these limitations, our analysis has a number of important strengths. It provides

standardized analyses of factors associated with wasting across South Asian countries using

comparable datasets. The prevalence of the co-occurrence of wasting and stunting is calcu-

lated, shedding light on a combined problem that is not commonly considered. Finally, the dif-

ferential manifestation of wasting across urban and rural populations is presented.

Urbanization is occurring rapidly in South Asia and designing context-specific interventions

for these changing demographics is increasingly necessary.

Conclusions

South Asia has been home to the largest proportion and number of wasted children in the

world for decades [14]. This requires quick and substantial reductions if the region is to

achieve global targets to which its governments have committed to. South Asian countries

need to focus on programs targeting the first 1,000 days, for instance taking into consideration

the preconception period and expecting mothers with low BMI. As demonstrated in this analy-

sis, there are country-specific venerable subgroups that countries can focus on to improve

national outcomes and reduce inequities across the country.

As argued by WHO (2014), targets to reduce wasting can only be achieved if “high-burden

countries take stock of their current prevalence, projected population growth, underlying

causes of wasting and the resources available to address them; set target annual reduction rates

to guide intervention efforts; mobilize necessary resources; and develop and implement sys-

tematic plans for the reduction of wasting” [17]. Using data for child anthropometry from 121

surveys in 36 low-income and middle-income countries, Vollmer et al. (2014) showed that

“macroeconomic growth has a null to quantitatively very weak association with reductions

in. . .wasting” [43]. In other words, waiting for economic growth to take care of this significant

problem is simply not a viable policy option.

This study highlights the scale of wasting in South Asia, and its several links to stunting. We

note that the underlying determinants of wasting and stunting are similar. With well-known

and cost-effective interventions to prevent stunting and manage wasting, the raising number

of wasted children is unacceptable. Policymakers and program designers should broaden their

perspectives on nutrition interventions to ensure that investments aimed at addressing single

nutrition condition (like stunting) are tailored in ways that will also contribute to tackling

wasting. Separating these two manifestations of undernutrition in conceptual and program-

matic terms is unnecessarily impairing progress on both fronts.

Supporting information

S1 Table. Data sources.

(DOCX)

Acknowledgments

The Authors acknowledge UNICEF ROSA for funding this work and thank the DHS for access

to the data used in this analysis, Grace Namirembe and Lichen Liang at Tufts University for

Child wasting in South Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0198749 July 3, 2018 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198749.s001
https://doi.org/10.1371/journal.pone.0198749


their input on analytic methods, and Nina Badgaiyan, a consultant to UNICEF ROSA, for her

support in navigating the Afghanistan National Nutrition Survey data.

Author Contributions

Conceptualization: Kassandra L. Harding, Victor M. Aguayo, Patrick Webb.

Data curation: Kassandra L. Harding, Victor M. Aguayo.

Formal analysis: Kassandra L. Harding.

Funding acquisition: Victor M. Aguayo, Patrick Webb.

Methodology: Kassandra L. Harding.

Project administration: Victor M. Aguayo, Patrick Webb.

Supervision: Patrick Webb.

Writing – original draft: Kassandra L. Harding.

Writing – review & editing: Victor M. Aguayo, Patrick Webb.

References

1. WHO Multicentre Growth Reference Study Group. WHO Child Growth Standards based on length/

height, weight and age. Acta Paediatr Suppl. 2006; 450:76–85. PMID: 16817681.

2. UNICEF, WHO, World Bank. Joint Child Malnutrition Estimates Database http://www.who.int/

nutgrowthdb/estimates2016/en/: WHO; 2017 [cited 2017 August 12].

3. International Food Policy Research Institute. Global Nutrition Report 2016: From Promise to Impact:

Ending Malnutrition by 2030. Washington, D.C.: 2016.

4. UNICEF, WHO, World Bank. Joint child malnutrition estimates—Levels and trends (2015 edition).

http://www.who.int/nutgrowthdb/estimates2014/en/: 2015.

5. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and child undernu-

trition and overweight in low-income and middle-income countries. Lancet. 2013; 382(9890):427–51.

https://doi.org/10.1016/S0140-6736(13)60937-X PMID: 23746772.

6. Nel ED. Severe acute malnutrition. Curr Opin Clin Nutr Metab Care. 2016; 19(3):234–8. https://doi.org/

10.1097/MCO.0000000000000269 PMID: 26963580.

7. Ghosh-Jerath S, Singh A, Jerath N, Gupta S, Racine EF. Undernutrition and severe acute malnutrition

in children. BMJ. 2017; 359:j4877. https://doi.org/10.1136/bmj.j4877 PMID: 29146679.

8. Tickell KD, Pavlinac PB, John-Stewart GC, Denno DM, Richardson BA, Naulikha JM, et al. Impact of

Childhood Nutritional Status on Pathogen Prevalence and Severity of Acute Diarrhea. Am J Trop Med

Hyg. 2017; 97(5):1337–44. https://doi.org/10.4269/ajtmh.17-0139 PMID: 29140236.

9. Lenters LM, Wazny K, Webb P, Ahmed T, Bhutta ZA. Treatment of severe and moderate acute malnu-

trition in low- and middle-income settings: a systematic review, meta-analysis and Delphi process. BMC

Public Health. 2013; 13 Suppl 3:S23. https://doi.org/10.1186/1471-2458-13-S3-S23 PMID: 24564235;

PubMed Central PMCID: PMCPMC3847503.

10. Bhutta ZA, Berkley JA, Bandsma RHJ, Kerac M, Trehan I, Briend A. Severe childhood malnutrition. Nat

Rev Dis Primers. 2017; 3:17067. https://doi.org/10.1038/nrdp.2017.67 PMID: 28933421.

11. Scrimshaw NS. Historical concepts of interactions, synergism and antagonism between nutrition and

infection. J Nutr. 2003; 133(1):316S–21S. https://doi.org/10.1093/jn/133.1.316S PMID: 12514318.

12. Menon P, Stoltzfus RJ. Building convergence in science, programs, and policy actions on child under-

nutrition: symposium rationale and overview. Adv Nutr. 2012; 3(2):224–6. https://doi.org/10.3945/an.

111.001115 PMID: 22516732; PubMed Central PMCID: PMCPMC3648725.

13. Khara T, Dolan C. Technical Briefing Paper: Associations between Wasting and Stunting, policy, pro-

gramming and research implications. 2014.

14. Gross R, Webb P. Wasting time for wasted children: severe child undernutrition must be resolved in

non-emergency settings. Lancet. 2006; 367(9517):1209–11. https://doi.org/10.1016/S0140-6736(06)

68509-7 PMID: 16616563.

Child wasting in South Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0198749 July 3, 2018 15 / 17

http://www.ncbi.nlm.nih.gov/pubmed/16817681
http://www.who.int/nutgrowthdb/estimates2016/en/:
http://www.who.int/nutgrowthdb/estimates2016/en/:
http://www.who.int/nutgrowthdb/estimates2014/en/:
https://doi.org/10.1016/S0140-6736(13)60937-X
http://www.ncbi.nlm.nih.gov/pubmed/23746772
https://doi.org/10.1097/MCO.0000000000000269
https://doi.org/10.1097/MCO.0000000000000269
http://www.ncbi.nlm.nih.gov/pubmed/26963580
https://doi.org/10.1136/bmj.j4877
http://www.ncbi.nlm.nih.gov/pubmed/29146679
https://doi.org/10.4269/ajtmh.17-0139
http://www.ncbi.nlm.nih.gov/pubmed/29140236
https://doi.org/10.1186/1471-2458-13-S3-S23
http://www.ncbi.nlm.nih.gov/pubmed/24564235
https://doi.org/10.1038/nrdp.2017.67
http://www.ncbi.nlm.nih.gov/pubmed/28933421
https://doi.org/10.1093/jn/133.1.316S
http://www.ncbi.nlm.nih.gov/pubmed/12514318
https://doi.org/10.3945/an.111.001115
https://doi.org/10.3945/an.111.001115
http://www.ncbi.nlm.nih.gov/pubmed/22516732
https://doi.org/10.1016/S0140-6736(06)68509-7
https://doi.org/10.1016/S0140-6736(06)68509-7
http://www.ncbi.nlm.nih.gov/pubmed/16616563
https://doi.org/10.1371/journal.pone.0198749


15. International Food Policy Research Institute. Global Nutrition Report 2014: Actions and Accountability

to Accelerate the World’s Progress on Nutrition. Washington, D.C.: 2014.

16. World Bank. Investing in nutrition: the foundation for development–an investment framework to reach

the global nutrition targets. Washington, D.C.: World Bank Group: 2016 Contract No.: http://

documents.worldbank.org/curated/en/963161467989517289/Investing-in-nutrition-the-foundation-for-

development-an-investment-framework-to-reach-the-global-nutrition-targets.

17. WHO. Global Nutrition Targets 2025: Policy Brief Series (WHO/NMH/NHD/14.2). Geneva: World

Health Organization2014.

18. Shekar M, Kakietek J, Dayton Eberwein J, Walters D. An Investment Framework for Nutrition: Reaching

the Global Targets for Stunting, Anemia, Breastfeeding, and Wasting. Directions in Development.

Washington, DC: World Bank, 2017. https://doi.org/10.1242/dev.134866

19. Frongillo EA Jr, de Onis M, Hanson KM. Socioeconomic and demographic factors are associated with

worldwide patterns of stunting and wasting of children. J Nutr. 1997; 127(12):2302–9. https://doi.org/10.

1093/jn/127.12.2302 PMID: 9405578.

20. Fernandez ID, Himes JH, de Onis M. Prevalence of nutritional wasting in populations: building explana-

tory models using secondary data. Bull World Health Organ. 2002; 80(4):282–91. PMID: 12075364;

PubMed Central PMCID: PMCPMC2567762.

21. Vollmer S, Bommer C, Krishna A, Harttgen K, Subramanian SV. The association of parental education

with childhood undernutrition in low- and middle-income countries: comparing the role of paternal and

maternal education. Int J Epidemiol. 2017; 46(1):312–23. https://doi.org/10.1093/ije/dyw133 PMID:

27501820; PubMed Central PMCID: PMCPMC5420755.

22. Ministry of Public Health, UNICEF, Aga Khan University. National Nutrition Survey Afghanistan 2013.

2014.

23. National Institute of Population Research and Training (NIPORT), Mitra and Associates, ICF Interna-

tional. Bangladesh Demographic and Health Survey 2014. Dhaka, Bangladesh and Rockville, Mary-

land, USA: NIPORT, Mitra and Associates, and ICF International, 2016.

24. National Institute of Population Studies (NIPS) [Pakistan], ICF International. Pakistan Demographic and

Health Survey 2012–13. Islamabad, Pakistan, and Calverton, Maryland, USA: NIPS and ICF Interna-

tional.: 2013.

25. Ministry of Health Nepal, New ERA, ICF. Demographic and Health Survey 2016. Kathmandu, Nepal:

Ministry of Health, Nepal, 2017.

26. International Institute for Population Sciences (IIPS), Macro International. National Family Health Sur-

vey—4. Mumbai: IIPS, 2017.

27. Leroy J. zscore06: Stata command for the calculation of anthropometric z-scores using the 2006 WHO

child growth standards. http://www.ifpri.org/staffprofile/jef-leroy: 2011.

28. Subramanian SV, Ackerson LK, Davey Smith G, John NA. Association of maternal height with child

mortality, anthropometric failure, and anemia in India. JAMA. 2009; 301(16):1691–701. https://doi.org/

10.1001/jama.2009.548 PMID: 19383960; PubMed Central PMCID: PMCPMC3095774.

29. Kozuki N, Katz J, Lee AC, Vogel JP, Silveira MF, Sania A, et al. Short Maternal Stature Increases Risk

of Small-for-Gestational-Age and Preterm Births in Low- and Middle-Income Countries: Individual Par-

ticipant Data Meta-Analysis and Population Attributable Fraction. J Nutr. 2015; 145(11):2542–50.

https://doi.org/10.3945/jn.115.216374 PMID: 26423738.

30. Hambidge KM, Mazariegos M, Kindem M, Wright LL, Cristobal-Perez C, Juarez-Garcia L, et al. Infant

stunting is associated with short maternal stature. J Pediatr Gastroenterol Nutr. 2012; 54(1):117–9.

https://doi.org/10.1097/MPG.0b013e3182331748 PMID: 21866055; PubMed Central PMCID:

PMCPMC3607506.

31. Khan MN, Rahman MM, Shariff AA, Rahman MM, Rahman MS, Rahman MA. Maternal undernutrition

and excessive body weight and risk of birth and health outcomes. Arch Public Health. 2017; 75:12.

https://doi.org/10.1186/s13690-017-0181-0 PMID: 28174626; PubMed Central PMCID:

PMCPMC5291969.

32. Hill K, Upchurch DM. Gender Differences in Child Health: Evidence from the Demographic and Health

Surveys. Popul Dev Rev. 1995; 21(1):127–51.

33. Pillai VK, Ortiz-Rodriguez J. Child Malnutrition and Gender Preference in India: The Role of Culture.

Health Science Journal. 2015; 9(6:8).

34. Raj A, McDougal LP, Silverman JG. Gendered effects of siblings on child malnutrition in South Asia:

cross-sectional analysis of demographic and health surveys from Bangladesh, India, and Nepal. Matern

Child Health J. 2015; 19(1):217–26. https://doi.org/10.1007/s10995-014-1513-0 PMID: 24889112;

PubMed Central PMCID: PMCPMC4254892.

Child wasting in South Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0198749 July 3, 2018 16 / 17

http://documents.worldbank.org/curated/en/963161467989517289/Investing-in-nutrition-the-foundation-for-development-an-investment-framework-to-reach-the-global-nutrition-targets
http://documents.worldbank.org/curated/en/963161467989517289/Investing-in-nutrition-the-foundation-for-development-an-investment-framework-to-reach-the-global-nutrition-targets
http://documents.worldbank.org/curated/en/963161467989517289/Investing-in-nutrition-the-foundation-for-development-an-investment-framework-to-reach-the-global-nutrition-targets
https://doi.org/10.1242/dev.134866
https://doi.org/10.1093/jn/127.12.2302
https://doi.org/10.1093/jn/127.12.2302
http://www.ncbi.nlm.nih.gov/pubmed/9405578
http://www.ncbi.nlm.nih.gov/pubmed/12075364
https://doi.org/10.1093/ije/dyw133
http://www.ncbi.nlm.nih.gov/pubmed/27501820
http://www.ifpri.org/staffprofile/jef-leroy:
https://doi.org/10.1001/jama.2009.548
https://doi.org/10.1001/jama.2009.548
http://www.ncbi.nlm.nih.gov/pubmed/19383960
https://doi.org/10.3945/jn.115.216374
http://www.ncbi.nlm.nih.gov/pubmed/26423738
https://doi.org/10.1097/MPG.0b013e3182331748
http://www.ncbi.nlm.nih.gov/pubmed/21866055
https://doi.org/10.1186/s13690-017-0181-0
http://www.ncbi.nlm.nih.gov/pubmed/28174626
https://doi.org/10.1007/s10995-014-1513-0
http://www.ncbi.nlm.nih.gov/pubmed/24889112
https://doi.org/10.1371/journal.pone.0198749


35. McDonald CM, Olofin I, Flaxman S, Fawzi WW, Spiegelman D, Caulfield LE, et al. The effect of multiple

anthropometric deficits on child mortality: meta-analysis of individual data in 10 prospective studies

from developing countries. Am J Clin Nutr. 2013; 97(4):896–901. https://doi.org/10.3945/ajcn.112.

047639 PMID: 23426036.

36. Martorell R, Young MF. Patterns of stunting and wasting: potential explanatory factors. Adv Nutr. 2012;

3(2):227–33. https://doi.org/10.3945/an.111.001107 PMID: 22516733; PubMed Central PMCID:

PMCPMC3648726.

37. Bhutta ZA, Das JK, Rizvi A, Gaffey MF, Walker N, Horton S, et al. Evidence-based interventions for

improvement of maternal and child nutrition: what can be done and at what cost? Lancet. 2013; 382

(9890):452–77. https://doi.org/10.1016/S0140-6736(13)60996-4 PMID: 23746776.

38. Balarajan YS, Fawzi WW, Subramanian SV. Changing patterns of social inequalities in anaemia among

women in India: cross-sectional study using nationally representative data. BMJ Open. 2013; 3(3).

https://doi.org/10.1136/bmjopen-2012-002233 PMID: 23516270; PubMed Central PMCID:

PMC3612779.

39. International Institute for Population Sciences (IIPS), Macro International. National Family Health Sur-

vey (NFHS-3), 2005–06: India: Volume I. Mumbai: IIPS: 2007.

40. Horton S, Shekar M, McDonald CM, Mahal A, Brooks JK. Scaling up nutrition. What will it cost?. Wash-

ington DC: The World Bank, 2010.

41. King JC. A Summary of Pathways or Mechanisms Linking Preconception Maternal Nutrition with Birth

Outcomes. J Nutr. 2016; 146(7):1437S–44S. https://doi.org/10.3945/jn.115.223479 PMID: 27281808.

42. Wrottesley SV, Lamper C, Pisa PT. Review of the importance of nutrition during the first 1000 days:

maternal nutritional status and its associations with fetal growth and birth, neonatal and infant outcomes

among African women. J Dev Orig Health Dis. 2016; 7(2):144–62. https://doi.org/10.1017/

S2040174415001439 PMID: 26279311.

43. Vollmer S, Harttgen K, Subramanyam MA, Finlay J, Klasen S, Subramanian SV. Association between

economic growth and early childhood undernutrition: evidence from 121 Demographic and Health Sur-

veys from 36 low-income and middle-income countries. Lancet Glob Health. 2014; 2(4):e225–34.

https://doi.org/10.1016/S2214-109X(14)70025-7 PMID: 25103063.

Child wasting in South Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0198749 July 3, 2018 17 / 17

https://doi.org/10.3945/ajcn.112.047639
https://doi.org/10.3945/ajcn.112.047639
http://www.ncbi.nlm.nih.gov/pubmed/23426036
https://doi.org/10.3945/an.111.001107
http://www.ncbi.nlm.nih.gov/pubmed/22516733
https://doi.org/10.1016/S0140-6736(13)60996-4
http://www.ncbi.nlm.nih.gov/pubmed/23746776
https://doi.org/10.1136/bmjopen-2012-002233
http://www.ncbi.nlm.nih.gov/pubmed/23516270
https://doi.org/10.3945/jn.115.223479
http://www.ncbi.nlm.nih.gov/pubmed/27281808
https://doi.org/10.1017/S2040174415001439
https://doi.org/10.1017/S2040174415001439
http://www.ncbi.nlm.nih.gov/pubmed/26279311
https://doi.org/10.1016/S2214-109X(14)70025-7
http://www.ncbi.nlm.nih.gov/pubmed/25103063
https://doi.org/10.1371/journal.pone.0198749

