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Nearly 40% of the world's stunted children live in India and the prevalence of undernutrition has been
persistently high in recent decades. Given numerous available interventions for reducing undernutrition
in children, it is not clear of the relative importance of each within a multifactorial framework. We assess
the simultaneous contribution of 15 known risk factors for child chronic undernutrition in India. Data are
from the 3rd Indian National Family Health Survey (NFHS-3), a nationally representative cross-sectional
survey undertaken in 2005e2006. The study population consisted of children aged 6e59 months
[n ¼ 26,842 (stunting/low height-for-age), n ¼ 27,483 (underweight/low weight-for-age)]. Risk factors
examined for their association with undernutrition were: vitamin A supplementation, vaccination, use of
iodized salt, household air quality, improved sanitary facilities, safe disposal of stools, improved drinking
water, prevalence of infectious disease, initiation of breastfeeding, dietary diversity, age at marriage,
maternal BMI, height, education, and household wealth. Age/sex-adjusted and multivariable adjusted
effect sizes (odds ratios) were calculated for risk factors along with Population Attributable Risks (PAR)
and Fractions (PAF) using logistic regression. In the mutually adjusted models, the five most important
predictors of childhood stunting/underweight were short maternal stature, mother having no education,
households in lowest wealth quintile, poor dietary diversity, and maternal underweight. These five
factors had a combined PAR of 67.2% (95% CI: 63.3e70.7) and 69.7% (95% CI: 66.3e72.8) for stunting and
underweight, respectively. The remaining factors were associated with a combined PAR of 11.7% (95% CI:
6.0e17.4) and 15.1% (95% CI: 8.9e21.3) for stunting and underweight, respectively. Implementing stra-
tegies focused on broader progress on social circumstances and infrastructural domains as well as in-
vestments in nutrition specific programs to promote dietary adequacy and diversity are required to
ensure a long term trajectory of optimal child growth and development in India.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The prevalence of childhood stunting and underweight in India
remains persistently high (International Institute for Population
Sciences, 1995, 2007). In 1992e93, amongst children aged 0e47
months, 57% and 49%, were stunted and underweight, respectively,
declining to 47% and 42% in 2005e2006 (Authors calculation from
on and Development Studies,
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the 1992-93 and 2005-06 NFHS datasets, 2015), and to 39% and 29%
in 2013e14 (Ministry of Women and Child Development (2015)),
the most recent year for which national data are available. In 2011,
India accounted for 38% of the global burden of stunting (nearly 62
million children) (UNICEF, 2013) underscoring the importance of
reducing undernutrition in India. Evidence also shows that steady
increases in per capita income (or economic growth) that India
experienced between 1992 and 2006 did not translate into re-
ductions in undernutrition (Subramanyam et al., 2011). In parallel,
there appears to be momentum to make direct investments in
programs and interventions aimed at nutrition (e.g., breastfeeding,
complementary feeding, micronutrient nutrition, and therapeutic
ronic undernutrition among children in India: Estimating relative
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and supplementary feeding), health (e.g., prevention and man-
agement of infectious diseases) and water, sanitation, and hygiene
(WASH) programmes (Bhutta et al., 2013; Dangour et al., 2013; Ruel
et al., 2013). Even though conceptual models on understanding
child undernutrition emphasize a multifactorial framework (Bhutta
et al., 2008), interventions and factors are often considered in
isolation. Further, there appears to be disproportionate focus on
what can be termed ‘nutrition-specific’ interventions targeted at
addressing the immediate causes of undernutrition (Ruel et al.,
2013), and considerably less emphasis has been placed on more
social and structural factors including poverty reduction, im-
provements to socioeconomic status and maternal education, and
intergenerational factors, all of which have been seen to be strongly
associated with child nutritional outcomes (€Ozaltin et al., 2010;
Subramanian et al., 2009; Subramanyam et al., 2011).

Using the most recent, comprehensive, and nationally repre-
sentative data, that provides objective measures of child under-
nutrition, based on measured anthropometry (Corsi et al., 2011b),
as well as a range of known “upstream” and “downstream” risk
factors, we assess the relative and joint contribution of 15 factors in
predicting the risk of childhood stunting/underweight in India, and
provide estimates of population attributable risks and fractions
associated with each risk factor and combinations of risk factors
among all children and among stunted and underweight children.

2. Methods

2.1. Data

Data for the analysis come from the 2005e2006 Indian National
Family Health Survey (NFHS) (International Institute for Population
Sciences, 2007), which remains the most recent nationally repre-
sentative data on child anthropometry. The survey is based on a
nationally representative sample of households across 29 states in
India and the sampling frame covered approximately 99% of the
population. Within households, the target sample was all married
and unmarried women aged 15e49 years, men aged 15e54 years
(in certain states only a subsample of men were selected), and
children under-5 years born to ever-married women. All children
born within five years of the survey identified through the house-
hold listing were eligible for height and weight measurements
unlike previous rounds of this survey. Survey respondents were
selected through a stratified multistage sampling procedure con-
ducted separately by states and urban and rural areas within states
(International Institute for Population Sciences, 2007). Further de-
tails of the sampling methodology are available through the survey
reports (International Institute for Population Sciences, 2007). A
total of 109,041 household agreed to participate yielding a response
rate of 97.7% at the household level. Among these households,
124,385/131,596 eligible women agreed to participate in the survey
corresponding to an individual level response rate of 94.5%
(International Institute for Population Sciences, 2007).

2.2. Study population and sample size

The present analysis was based on a population of children aged
6e59 months at the time of height and weight measurement.
Child's age of 6 months is the minimum age at which many of the
risk factors/interventions are intended by the UNICEF conceptual
framework and as such variables including diet, vitamin A sup-
plementation, and complete immunization are not available in the
survey for children <6 months (Bhutta et al., 2008; Bhutta et al.,
2013). As part of the survey design, children from households
with at least one child bornwithin 3 years prior to the survey (2003
or later) and living with the mother were the target population for
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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the 24-h dietary assessment, with other children excluded from
these questions (n ¼ 10,496, 20.4% excluded) (International
Institute for Population Sciences, 2007). We selected all singleton
children who were alive at the time of survey, at least 6 months of
age, and whose mother's had completed a 24-h dietary assessment
(n ¼ 32,360) (Fig. 1). 9% of eligible children, however, where not
measured either due to not being present, refusal, or for other
reasons (Fig. 1). 750 and 109 children had implausible values of
height and weight, respectively, being greater than six standard
deviations (SD) above or below the median of WHO child growth
standards for height-for-age or weight-for-age, and were removed
(Mei and Grummer-Strawn, 2007; WHO, 1995). 1802 (6.1%) chil-
dren with missing values for one or more risk factors/covariates
(described below) were removed from the sample with height and
weight measurements and 3376 (10.4%) from the eligible sample,
leaving a final sample of 28,984 childrenwith complete data on risk
factors and samples of 26,842 and 27,483 for stunting and under-
weight analyses, respectively.

2.3. Outcomes

Anthropometric measures are the most routinely used objective
indicators of nutritional status in children (Corsi et al., 2011b).
Weight and height/length measurements for children were ob-
tained in the NFHS-3 by interview teams that included two trained
health investigators (International Institute for Population
Sciences, 2007). Digital solar-powered scales were used to obtain
weight measurements along with adjustable Shorr measuring
boards designed for use in survey settings (International Institute
for Population Sciences, 2007). Standing height was obtained for
children older than 24 months; in younger children less than 24
months, recumbent length wasmeasured with children lying down
on the measuring board, which was placed on a flat surface. Raw
anthropometric data was converted into age and sex-specific SD
units (z-scores) according to the WHO child growth standards
(WHO, 2006). The following outcomes for undernutrition were
defined using z-scores less than �2 SD: stunting (low height-for-
age) and underweight (low weight-for-age) (Corsi et al., 2011b).

2.4. Risk factors

A comprehensive set of risk factors was identified in the NFHS
drawing extensively from the UNICEF conceptual framework of
determinants of child undernutrition (Bhutta et al., 2008). This
included: child's dietary diversity, timing of breast feeding initiation,
full vaccination, incidence of infectious disease immediately prior to
the survey, access to an improved drinking water source, safe
disposal of child stools, access to improved sanitation facilities, use
of iodized salt in the household, and an index of household air
quality (Table 1) (Bhutta et al., 2008, 2013). The majority of these
factors use standard definitions which have been described (Barros
et al., 2012), although indicators for dietary diversity, water source,
and household air quality were adapted based on this particular
survey and detailed below. Dietary diversity was captured through
the 24-h recall of foods/food groups component of the NFHS ques-
tionnaire. A score was developed for diversity which was based on
the published literature (Ruel and Menon, 2002) and children were
scored 1 point for each food/food group consumed including milk,
meat, lentils, starchy staples, vitamin A fruits, other fruits, dairy, oils/
fats/butter. In the data scores varied between 0 (low diversity) and 8
(high diversity) and children were grouped into 5 groups along
quintiles of the scores. Water source was considered to be of high
quality if available in the home/yard through a piped connection.
Household air qualitywas captured through type of cooking fuel and
type of kitchen and classified as: use of non-solid fuels (improved air
ronic undernutrition among children in India: Estimating relative
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Fig. 1. Flow diagram showing exclusions and final sample sizes of the study population, 2005e2006 National Family Health Survey (NFHS).
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quality), solid fuels in separate kitchen, and solid fuels in non-
separate kitchen (low air quality) (Bassani et al., 2010).

We also included upstream conditions such as household
wealth index, (Corsi et al., 2011a) maternal education (Bhutta et al.,
2013), maternal height (Subramanian et al., 2009), and maternal
body mass index (BMI) which have shown robust associations with
child undernutrition (Subramanian et al., 2010). We used a modi-
fied version of the wealth index variable already available in the
NFHS. Such indices have been shown to be valid proxies for long-
run household wealth (Filmer and Pritchett, 2001). The index
used here was derived from a weighted sum of household assets
(with weights generated through principal component analysis)
that included televisions, telephones, motorcycles/scooters, cars,
mattresses, other possessions and household characteristics (e.g.
windows), and materials used for wall/floor construction. We used
an ordinal variable that categorized households into five groups
along the quintiles of the wealth index. We removed certain vari-
ables including those related to type of water, sanitation facilities,
and cooking fuels to prevent overlap with these risk factors, which
were considered separately. Weight and height measurements for
womenwere obtained directly by field interview teams at the time
of the child anthropometric assessments. Adults were weighed
wearing light fitting clothing and without shoes using digital Seca
scales with precision to 0.01 kg. Standing height was measured
without shoes using adjustable Shorr measuring boards and
recorded to the nearest 0.1 cm. Maternal BMI was calculated by
taking the weight in kg and dividing by height in meters squared.
2.5. Analysis

The associations between risk factors and child anthropometric
outcomes were assessed through two logistic regression models.
First, each risk factor of interest was related to child stunting/un-
derweight (Model 1). Second, all risk factors were considered
simultaneously in mutually adjusted models (Model 2).

Based on these, we estimated population attributable risks
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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(PAR) and fractions (PAF) for stunting and underweight. PAR
(expressed as a percentage) indicates the proportion of cases
that can be attributed to a particular exposure or risk factor in
the population, and can be interpreted as the change in risk of
stunting/underweight in the overall population that would result
from removal of the risk factor. PAF (expressed as a percentage)
indicates the proportion of disease burden that is associated with a
particular risk factor among children who are stunted/under-
weight, and can be interpreted as the proportion of stunting/un-
derweight that might be eliminated by removing or changing the
distribution of these factors. Both PAR and PAF assume a causal
association between exposure/risk factor and outcome (Rockhill
et al., 1998). We calculated PAR and PAF for each risk factor based

on models 1 and 2 using standard formulae, as PAR ¼ ðRR�1Þ*Pe
ðRR�1Þ*Peþ1

and PAF ¼ pd
�
RR�1
RR

�
where RR is relative risk (odds), Pe is the

prevalence of the risk factor of interest in the population and pd is
proportion of stunted/underweight cases exposed to the risk factor.
PAR/PAF calculationswere carried out using Stata (version 13.1) and
the packages ‘regpar’ and ‘punaf’ (Newson, 2013).

PAR/PAF calculations were based on 2 scenarios. In the first, the
risk factors are set to a ‛realistic’ level of what may be considered
achievable over the medium term, i.e., for children being in the
moderate category for dietary diversity, having received breast milk
within 1 h of birth, receiving all vaccinations, vitamin A supple-
mentation, having access to improved water and sanitation, safe
disposal of stools, use of iodized salt, being in the middle category
of wealth and education, and with mothers of adequate nutritional
status (being themselves in the middle height category and body
mass index category). This was compared to a baseline scenario
equivalent to the risk factor distributions observed in the data
(Table 1). In the second scenario, the levels of risk factors are set at
the ideal level, i.e., the highest category for diet, wealth, education,
and mothers nutritional status, while the baseline scenario is
defined as children in the ‘high risk’ categories of risk factors, i.e.
children without vaccinations, access to improved water or
ronic undernutrition among children in India: Estimating relative
edicine (2015), http://dx.doi.org/10.1016/j.socscimed.2015.11.014



Table 1
Risk factors for child anthropometric failure among children aged 6e59 months, India 2005e2006.

Total (n ¼ 28,984) Stunting (n ¼ 26,842) Underweight (n ¼ 27,483)

No. % No. % No. %

Household wealth quintile
Quntile 1 (poorest) 6086 28.6 3379 62.0 3271 58.8
Quintile 2 5354 21.6 2765 57.6 2435 50.7
Quintile 3 5874 18.9 2660 51.7 2224 43.6
Quintile 4 6103 17.6 2320 43.4 1822 34.7
Quintile 5 (richest) 5567 13.4 1293 26.4 1009 20.5
Mother's education
No schooling 11,756 50.0 6275 60.4 5717 54.3
Primary 4159 14.0 1931 51.1 1692 45.4
Secondary 9077 26.6 3349 42.9 2693 35.6
Higher secondary 1910 4.8 506 28.8 383 22.8
College 2082 4.7 356 20.2 276 16.2
Mother's height
160 þ cm 2438 7.6 606 30.1 544 26.9
155e159.9 cm 6010 19.8 2007 40.6 1732 35.5
150e154.9 cm 9798 33.5 4087 49.4 3439 42.9
145e149.9 cm 7573 27.0 3852 59.7 3375 52.7
<145 cm 3165 12.1 1865 67.3 1671 59.6
Mother's BMI
<18.5 10,004 41.1 4899 55.5 4803 53.5
18.5e24.9 16,506 53.1 6844 49.6 5551 40.7
>¼25.0 2474 5.8 674 33.4 407 20.5
Age at marriage
<18 y 14,599 39.3 5280 43.3 4403 37.1
>¼ 18 y 14,385 60.7 7137 56.1 6358 49.9
Dietary diversity score
Quintile 1 (lowest) 8276 31.4 4172 58.3 3682 52.0
Quintile 2 6765 25.3 2944 51.4 2618 45.9
Quintile 3 6418 22.3 2672 49.4 2303 43.0
Quintile 4 3853 11.8 1492 46.4 1249 38.8
Quintile 5 (highest) 3672 9.3 1137 36.5 909 30.3
Breastfeeding initiation
�1 h of birth 19,731 76.6 8796 52.8 7724 46.8
<1 h of birth 9253 23.4 3621 45.6 3037 38.4
Infectious disease in past 2 weeks 8240 28.5 3467 49.5 3109 45.0
Improved drinking water source 7396 17.8 2479 40.2 1948 32.0
Safe disposal of stools 7127 15.5 2272 38.8 1689 29.2
Improved sanitary facility 8836 22.4 2719 35.6 2176 28.8
Household air quality
Non-solid fuels 8306 18.3 2435 33.9 1882 26.5
Solid fuels in separate kitchen 13,657 51.1 6213 52.5 5443 45.8
Solid fuels in non-separate kitchen 7021 30.6 3769 58.9 3436 54.0
Use of iodized salt 16,289 46.2 6193 46.0 5171 39.6
Fully vaccinated 13,119 40.9 5080 46.2 4259 39.1
Vitamin A supplementation 4579 16.5 1761 46.7 1504 41.2

Sampling weights used for frequencies (%); unweighted count data (n).
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sanitation. For example, the comparison would be between chil-
dren in the lowest category of dietary diversity, delayed initiation of
breastfeeding, without vaccinations, vitamin A supplementation,
having an infectious disease, no improved water or sanitation
sources, unsafe disposal of stools, no use of iodized salt, poor
household air quality, poor maternal education and wealth, short
maternal stature, and maternal underweight. Thus, this compari-
son demonstrates the maximal difference between the worst and
best of levels of risk factors and the extent to which stunting and
underweight may theoretically be modified in a hypothetical ideal
situation where extreme levels of risk factors could be altered
(Table 2).

A complementary analysis was conducted using the continuous
outcomes of height-for-age and weight-for-age to examine the
distribution changes by exposure status. We used Monte Carlo
methods to simulate the expected means of these outcomes under
the ‘ideal’ scenario of risk factor change (King et al., 2000). Using
point estimates and the covariance matrix from the fully-adjusted
models as inputs to a multivariate normal distribution, we made
1000 draws of the coefficients from this multivariate normal dis-
tribution with each risk factor set at the ‘high risk’ value with all
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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other covariates at their means, and drew 1000 values of the
outcome variable, one for every set of simulated coefficients. The
process was repeated with risk factors set at the ‘low risk’ values
and density plots were constructed showing the empirical distri-
butions of the simulated outcomes under the high risk and low risk
distribution of risk factors.

The following sensitivity analyses were performed to assess the
robustness of the findings. First, all analyses were stratified by ur-
ban/rural residence to assess the variability in associations between
risk factors and underweight/stunting across urban/rural areas.
Second, given that the most recent data that we used was still from
9 years ago, an earlier round of the NFHS conducted in 1998e1999
(NFHS-2) was analysed to assess the consistency of association
between risk factors and stunting and underweight over time. Due
to differences in survey instruments between rounds, 12 of the 15
risk factors were available for comparison and child age was
restricted to 6e35 months to match the 1998e1999 survey. Finally,
we investigated state-level ecological associations between prev-
alence of stunting/underweight and levels of selected risk factors in
1998e1999 and in 2005e2006 and especially the correlation be-
tween the change in stunting and the change in levels of risk factors
ronic undernutrition among children in India: Estimating relative
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Table 2
Description of scenarios for calculating population attributable risks and fractions based on hypothetical changes in distribution of risk factors.

Risk factor Scenario 1 Scenario 2

‘Realistic’ ‘Ideal’

Household wealth quintile Q1 (poorest) / Q3 (middle) Q1 (poorest) / Q5 (richest)
Mother's education No schooling / Secondary No schooling / College
Mothers' height <145 cm / 150e154.9 cm <145 cm / 160 þ cm
Mother's BMI <18.5 kg/m2 / 18.5e24.9 kg/m2 <18.5 kg/m2 / � 25.0 kg/m2
Age at marriage <18 y / >¼ 18 y <18 y / >¼ 18 y
Dietary diversity score, quintile Q1 (lowest)/Q3 (middle) Q1 (lowest)/Q5 (highest)
Breastfeeding initiation �1 h / <1 hr �1 h / <1 hr
Infectious disease in past 2 weeks Disease / no disease Disease / no disease
Drinking water source Not improved / improved Not improved / improved
Disposal of stools Unsafe / safe Unsafe / safe
Sanitary facility Not improved / improved Not improved / improved
HH air quality Solid fuel, n.s. kitchen / solid fuel, sep. kitchen Solid fuel, n.s. kitchen / non-solid fuel
Use of iodized salt Not iodized / iodized Not iodized / iodized
Vaccinations Not fully vaccinated / fully vaccinated Not fully vaccinated / fully vaccinated
Vitamin A supplementation no supplement / supplement no supplement / supplement

Arrow represents hypothetical improvements in levels of risk factors.
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between 1998e1999 and 2005e2006 among children aged 6e35
months as a conservative test of short-run causal effects.

All analyses account for stratification and clustering introduced
as part of the survey design along with sampling weights. These
design characteristics and adjustments for estimates and associated
standard errors were accounted for using survey data analyses
procedures available in Stata (version 13.1).

The study was reviewed by the Harvard School of Public Health
Institutional Review Board and deemed exempt from full review
because all analysis were based on a public use data set, which con-
tained no personal identifiable information on survey participants.
3. Results

The prevalence of stunting and underweight in the study sample
were 51.1% (95% confidence interval [CI]: 50.1e52.1) and 44.9% (95%
CI: 43.9e45.9), respectively. Levels of risk factors were common in
the sample including low household wealth (28.6%), no formal
education (50.0%), short maternal stature (<145 cm, 12.1%), and
poor dietary diversity (31.4%). 17.8% of the children had access to
improved drinking water, and 40.9% of children were fully vacci-
nated (Table 1). Among mothers, 41.1% were underweight, and
39.3% were married before the age of 18. Breast-feeding was initi-
ated late among 23.4% and 28.5% of mother's reported an infectious
disease (e.g., diarrhoea, cough) in children within 2 weeks of sur-
vey. Only 18.3% of households used “improved” or non-solid
cooking fuels while 30.6% used poor quality solid fuels and did
not have a separate kitchen within the household.
3.1. Comparing relative risks

In age/sex adjusted models, all risk factors with the exception of
incidence of infectious disease prior to the survey showed an
increased risk of stunting and underweight among children
(Table 3). In the mutually adjusted models, the five most important
predictors of stunting were short maternal stature (OR 4.2 95% CI:
3.5e5.0 for <145 cm), no education (OR 2.1, 95% CI: 1.7e2.6), lowest
wealth quintile (OR 1.8, 95% CI: 1.5e2.2), poor dietary diversity (OR
1.5, 1.3e1.7), and maternal underweight/low BMI (OR 1.4, 95% CI:
1.2e1.6); while the five risk factors with the weakest association
with stunting in the multivariable model (odds ratios varying be-
tween 0.90 and 1.06) were no access to safe water (OR 0.91, 95% CI:
0.82e1.0), unsafe disposal of stools (OR 0.92, 95% CI: 0.83e1.03),
infectious disease prior to survey (OR 1.0, 95% CI: 0.93e1.08), no
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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vitamin A supplementation (OR 1.05, 95% CI: 0.94e1.17) and
delayed initiation of breast feeding (OR 1.06, 95% CI: 0.97e1.15)
(Fig. 2a).

For underweight, the results were largely similar with some
differences in the relative ordering of risk factors. The five factors
with the largest associationwith underweight were: short maternal
stature (OR 3.3, 95% CI: 2.75e3.91), maternal underweight (OR 2.47,
95% CI 2.07e2.94), lowest wealth quintile (OR 2.06, 95% CI
1.71e2.49), no education (OR 1.82, 95% CI 1.45e2.29), and low di-
etary diversity (OR 1.47, 95% CI: 1.28e1.68). The five factors with the
smallest association with underweight in mutually adjusted model
(OR between 0.96 and 1.06) were: no access to safe water (OR 0.96,
95% CI: 0.86e1.08), no vitamin A supplementation (OR 1.02, 95% CI:
0.92e1.14), not fully vaccinated (1.04, 95% CI:0.97e1.13), child mar-
riage (OR 1.06, 95% CI: 0.97e1.15 for <18 y vs 18 þ y), and infectious
diseases (OR 1.06, 95% CI: 0.98e1.14) (Fig. 2b).

Many of the associations found to be robust in the age and sex
adjusted models were attenuated and no longer remained statis-
tically significant in mutually adjusted model that accounted for all
risk factors simultaneously. The risk factors where the percent
attenuation in effect size was more than 90% were: vitamin A
supplementation, vaccination, household indoor air quality, and
safe drinking water (Table 3). In contrast, maternal height had
limited attenuation between the two models (12.9% for stunting,
and 17.1% for underweight). Other factors including mother's BMI,
household wealth and education also demonstrated lower levels of
attenuation (50e65%) along with dietary diversity (60e66%)
(Table 3).
3.2. Estimating population attributable risks

PARs were calculated for each factor based on the mutually
adjusted models for stunting/underweight (Fig. 3). The ordering in
terms of risk factors for PAR is similar to those found in terms of
effect size, although some differences can be expected because PAR
also takes into account the prevalence of risk factors within the
population. The most important factors in terms of PAR for stunting
in Scenario 2 were: maternal height, education, wealth, dietary
diversity, and maternal BMI. The relative ordering of risk factors
was largely consistent between stunting and underweight.

Under the realistic scenario (scenario 1), the top five risk factors
were associated with a PAR of 30.8% (95% CI: 26.3e35.3) for
stunting and 40.4% (95% CI: 35.8e44.8) for underweight. This
increased to 63.5% (95% CI: 59.2e67.5) for stunting and 66.4% (95%
ronic undernutrition among children in India: Estimating relative
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Table 3
Age and sex adjusted and fully adjusted regression coefficients (log-odds) coefficients, standard errors and percentage change for risk factors for child anthropometric failure,
India 2005e2006.

Stunting Change (%) Underweight Change (%)

Age þ sex
Adjusted(1)

Mutually
Adjusted (2)

Age þ sex
Adjusted (1)

Mutually
Adjusted (2)

b SE b SE b SE b SE

Household wealth quintile
Quintile1 (poorest) 1.53 0.06 0.59 0.09 61.5 1.70 0.07 0.72 0.10 57.3
Quintile2 1.35 0.06 0.55 0.09 59.3 1.37 0.07 0.54 0.09 60.9
Quintile3 1.10 0.06 0.43 0.08 60.3 1.09 0.07 0.40 0.09 63.2
Quintile4 0.78 0.06 0.35 0.07 54.8 0.72 0.07 0.27 0.08 62.2
Quintile5 (richest) 0.00 0.00 0.00 0.00
Mother's education
No schooling 1.77 0.09 0.73 0.11 58.6 1.79 0.10 0.60 0.12 66.5
Primary 1.40 0.10 0.52 0.12 63.0 1.44 0.11 0.45 0.12 69.1
Secondary 1.07 0.10 0.46 0.11 57.3 1.04 0.11 0.34 0.11 67.6
Higher secondary 0.45 0.12 0.18 0.12 60.3 0.41 0.13 0.10 0.13 76.0
College 0.00 0.00 0.00 0.00
Mother's height
160 þ cm 0.00 0.00 0.00 0.00
155e159.9 cm 0.45 0.08 0.39 0.08 12.9 0.39 0.08 0.32 0.08 17.1
150e154.9 cm 0.83 0.07 0.72 0.08 12.9 0.71 0.07 0.60 0.08 15.5
145e149.9 cm 1.26 0.08 1.10 0.08 13.0 1.10 0.08 0.93 0.08 15.5
<145 cm 1.64 0.09 1.44 0.09 12.0 1.40 0.09 1.19 0.09 15.0
Mother's BMI
<18.5 0.96 0.08 0.32 0.08 67.0 1.51 0.09 0.90 0.09 40.1
18.5e24.9 0.69 0.07 0.15 0.08 78.4 0.98 0.08 0.46 0.09 53.1
>¼25.0 0.00 0.00 0.00 0.00
Age at marriage
<18 y 0.51 0.04 0.09 0.04 83.0 0.52 0.04 0.06 0.04 89.2
>¼ 18 y 0.00 0.00 0.00 0.00
Dietary diversity score
Quintile1 (lowest) 0.93 0.06 0.43 0.07 54.2 0.93 0.07 0.38 0.07 59.0
Quintile2 0.76 0.07 0.30 0.07 60.0 0.76 0.07 0.26 0.07 65.5
Quintile3 0.63 0.06 0.30 0.07 52.3 0.59 0.07 0.23 0.07 61.2
Quintile4 0.44 0.07 0.18 0.07 58.7 0.40 0.07 0.10 0.08 74.7
Quintile5 (highest) 0.00 0.00 0.00 0.00
Breastfeeding initiation
<1 h of birth 0.00 0.00 0.00 0.00
�1 h of birth 0.29 0.04 0.05 0.04 80.8 0.34 0.04 0.11 0.04 67.7
Infectious disease in past 2 weeks 0.01 0.04 0.00 0.04 94.1 0.06 0.04 0.06 0.04 9.1
Drinking water source not improved 0.55 0.05 �0.10 0.05 117.9 0.65 0.05 �0.04 0.06 105.9
Unsafe disposal of stools 0.64 0.05 �0.08 0.06 112.7 0.81 0.05 0.09 0.06 89.1
Sanitary facility not improved 0.83 0.04 0.16 0.05 81.1 0.88 0.05 0.10 0.06 88.3
HH air quality
Non-solid fuels 0.00 0.00 0.00 0.00
Solid fuels in separate kitchen 0.79 0.05 0.09 0.06 88.2 0.85 0.05 0.02 0.06 97.4
solid fuels in non-separate kitchen 1.05 0.05 0.16 0.07 84.8 1.17 0.06 0.14 0.07 88.3
Iodized salt not used 0.40 0.04 0.09 0.04 78.4 0.40 0.04 0.07 0.04 82.5
Not fully vaccinated 0.51 0.04 0.11 0.04 78.1 0.47 0.04 0.04 0.04 90.7
No vitamin A supplementation 0.25 0.06 0.05 0.06 79.2 0.21 0.05 0.02 0.05 90.2

Notes for Table 3.
First column (1) represents separate models for each risk factor adjusted for age and sex.
Second column (2) represents b coefficients (log odds) from mutually adjusted logistic model for all risk factors plus age and sex.
Change is the degree to which the odds ratios were attenuated after multivariable adjustment in percent.%Dðlog oddsÞ ¼ ðb2 � b1Þ=b1�100%
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CI: 62.8e69.8) for underweight in the ideal scenario (scenario 2).
The remaining factors accounted for PARs of 11.7% (95% CI:
6.0e17.4) and 15.1% (8.9e21.3) for stunting and underweight,
respectively in scenario 2. Under the ideal scenario, the total PAR
for all factors combined varied from 64.8% (95% CI: 61.2e68.2) for
stunting and 72.7% (95% CI: 69.3e75.7) for underweight.

3.3. Estimating population attributable fractions

The ordering of risk factors for PAF was consistent with PAR
although the magnitude of PAF is greater given that the denomi-
nator represents stunted or underweight children only Fig. 4. Again,
the five most important factors in terms of PAF for stunting were:
maternal height, education, wealth, dietary diversity, and maternal
BMI, with these factors accounting for between 15 and 39% of the
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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burden of stunting, with a combined PAF of 39.6% (95% CI:
34.3e44.5) in the realistic scenario, increasing to 86.3% (95% CI:
82.0e89.6) in the ideal scenario. The ordering of risk factors was
similar for underweight, with diet, education, wealth, maternal
BMI, and maternal height accounting for between 16.8% and 45.1%
of the burden of underweight among underweight children. Under
the ideal scenario, the combined PAF for all factors would explain
92.8% (95% CI: 90.6e94.5) of stunting. The corresponding figure
was 52.7% (95% CI: 47.5e57.3) under the realistic scenario. In the
ideal scenario, 95.0% (95% CI: 93.3e96.3) of the burden of under-
weight was explained by the risk factors in our study with the
larger share of this explained by maternal BMI, height, education,
household wealth, and diet (90.8%, 95% CI: 87.5e93.3) and with the
remaining factors alone accounting for 25.6% (95% CI: 14.9e35.0).
ronic undernutrition among children in India: Estimating relative
edicine (2015), http://dx.doi.org/10.1016/j.socscimed.2015.11.014



Fig. 2. Relative ranking of risk factors in terms of adjusted effect size on stunting and underweight, odds ratios and 95% confidence intervals (CI).

Fig. 3. Population attributable riskswith95%confidence intervals for risk factorsassociatedwith child stuntingandunderweightunder2 scenarios of change indistributionof risk factors.
Notes forFigure3: PARcalculated frommutuallyadjustedmodels separately foreachoutcome. Scenarios1 and2describe ‘realistic and ‘ideal’ implementationof interventions toeliminate
risk factors in the population and are described in Table 2.
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3.4. Assessing anthropometric distributions by risk factors

The empirical distributions of simulated outcome variables for
height-for-age andweight-for-agewere plotted for every risk factor
under the ideal scenario of risk factor improvement from the
highest risk to lowest risk category (Fig. 5). These findings reveal
that for risk factors where the plotted curves are far apart indicates
strong support for the association and thus possible improvements
in the mean height-for-age and weight-for-age by the improve-
ment or elimination of that risk factor in the population. For
example, it is clear that child nutrition was better among wealthier
households and among children with improved dietary diversity
while other risk factors such as age at marriage there remained
overlap in the curves indicating some uncertainty around the effect
of these risk factors.
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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3.5. Sensitivity analyses

Associations between the five most important factors of
maternal BMI, height, education, household wealth, and diet and
stunting and underweight were similar in strength and magnitude
across urban and rural areas (Table 4). Other factors including im-
munization and age at marriage appeared somewhat stronger in
urban regions although the statistical precision was reduced when
examining the effects within urban and rural subgroups.

The consistency of association between risk factors and stunting
and underweight over time was assessed in a set of risk factors that
were available in an earlier round of the NFHS conducted in
1998e1999 (Table 5). These analyses revealed that to a large extent,
the associations between risk factors and child undernutritionwere
consistent over the short term. In particular, the associations be-
tween the top five factors and child stunting and underweight were
robust and consistent over time.
ronic undernutrition among children in India: Estimating relative
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Fig. 4. Populationattributable fractionswith95%confidence intervals for risk factorsassociatedwithchildstuntingandunderweightunder2 scenariosof change indistributionof risk factors.
Notes forFigure4: PAFcalculated frommutuallyadjustedmodelsseparately foreachoutcome. Scenarios1and2describe ‘realistic and ‘ideal implementationof interventionstoeliminate risk
factors in the population and are described inTable 2. PAFrepresents thepercentage change indisease burden among stunted or underweight children thatwould result from removal of risk
factors. PAF is sometimes referred to as excess risk or risk difference (comparing risk in exposed vs. unexposed) and assumes a causal association between risk factors and outcome.
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A final sensitivity analysis was conducted at the state level to
examine ecological associations between prevalence of stunting
and underweight and levels of risk factors in 1998 and 2005. This
analysis also included an examination of ecological short run effects
of change in levels of risk factors and change in undernutrition
between 1998 and 2005 (Fig. 6 and 7). These plots indicate that the
slope effect for a majority of risk factors was about the same at both
time points and that there was not much change on exposure
variation between the two surveys. This, along with limited
improvement in prevalence of stunting and underweight over the
study period resulted in the ecological change-on-change assess-
ment showing a relatively weak, if any, association for the majority
of factors. The change on change association for education, height,
and dietary diversity were in the expected direction although there
was no association observed for household wealth. Overall the data
did not allow for a robust assessment of short-run effects due to
limited change observed in the short run in outcomes and risk
factors.
4. Discussion

This study has three salient findings. First, factors such as
maternal height, BMI, education, and household wealth were
highly related to child nutrition, and explained between 60 and 80%
of the burden of undernutrition among stunted/underweight
children. Second, among the remaining risk factors dietary di-
versity appears to be the major factor. Other factors including
sanitation, household air quality, and vaccination showed relatively
less contribution to explaining variation in child stunting/under-
weight both in terms of effect size and attributable risk/fraction
when conditioning on all risk factors. Finally, the importance of
evaluating of multiple risk factors is borne out clearly as opposed to
evaluating one risk factor at a time with little information on its
relative importance.

Three important data-related issues need to be considered
while interpreting the findings of our study. First, the use of an
observational design is an obvious limitation. However, it is un-
likely that an intervention study would ever be designed that can
possibly consider the multiple risk factors that influence a child's
likelihood of being stunted/underweight. Our study provides an
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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important benchmark in examining the relative contribution of
multiple risk factors in a single large cross-section. Further, our
analyses and use of PAR/PAF metrics for summarizing the relative
contribution of risk factors rely on assumptions which cannot be
verified including the potential for residual confounding, omitted
variables, or non-causal associations. Second, the age of the
survey is a limitation. At the current time, however, the NFHS-3
remains the most recent, comprehensive, national and highest
quality dataset for India in the public domain. The current ana-
lyses, however, are aimed not at documenting prevalence esti-
mates that are likely to have changed in the period since the
survey was released but the risk-factor-outcome associations are
unlikely to have altered substantially. A more recent survey
conducted in 2013e2014, the Rapid Survey of Children, indicated
that the prevalence of stunting had reduced from 47% to 39%
since 2005, a similar annual decline to what was observed be-
tween 1992 and 2005(Ministry of Women and Child
Development (2015)). Indeed our own analyses of the NFHS-2
in the context of secular declines in undernutrition underscore
the consistency of our findings despite the age of the NFHS-3
data.

Finally, the majority of the risk factor data was based on self-
reports by respondents and therefore measurement error can be
expected. Such misclassification would likely underestimate some
of the effects reported here and could potentially be related to type
of risk factor. For example, measurement of infectious disease is
difficult in surveys and in the NFHS, respondents were only asked to
report on their child's symptoms within the previous 2 weeks.
Other factors including the wealth index have generally been
demonstrated to be valid when collected through population based
surveys (Filmer and Pritchett, 2001). Although such misclassifica-
tion may have reduced the PAR attributed to certain factors it is
unlikely that the true underlying PAR associated with these factors
would be significantly larger than reported.

Finally, although we chose to focus on India (which itself rep-
resents about 40% of the global burden of stunting) our findings, in
particular the order and ranking of risk factors need to be sys-
tematically evaluated in other countries. Since policies tend to be
national, country-specific analyses are an important starting point
and can be informative to other settings.
ronic undernutrition among children in India: Estimating relative
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A

Fig. 5. A Simulated values of height-for-age under the ‘ideal’ scenario of changes in distribution of risk factors. B Simulated values of weight-for-age under the ‘ideal’ scenario of
changes in distribution of risk factors.
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Table 4
Fully adjusted b (log-odds) coefficients, standard errors of risk factors for child undernutrition for urban and rural regions, India 2005e2006.

Stunting Underweight

Urban Rural Urban Rural

b SE b SE b SE b SE

Household wealth quintile
Quintile1 (poorest) 0.58 0.20 0.55 0.12 0.72 0.20 0.77 0.12
Quintile2 0.62 0.17 0.50 0.11 0.38 0.17 0.59 0.12
Quintile3 0.48 0.13 0.39 0.11 0.25 0.14 0.47 0.11
Quintile4 0.36 0.10 0.33 0.10 0.22 0.11 0.31 0.11
Quintile5 (richest) 0.00 0.00 0.00 0.00
Mother's education
No schooling 0.46 0.17 0.78 0.16 0.56 0.17 0.54 0.18
Primary 0.29 0.18 0.56 0.16 0.37 0.18 0.40 0.19
Secondary 0.43 0.15 0.43 0.15 0.39 0.14 0.25 0.18
Higher secondary 0.17 0.17 0.14 0.18 0.18 0.17 0.00 0.20
College 0.00 0.00 0.00 0.00
Mother's height
160 þ cm 0.00 0.00 0.00 0.00
155e159.9 cm 0.29 0.16 0.42 0.09 0.28 0.16 0.33 0.09
150e154.9 cm 0.71 0.16 0.72 0.09 0.51 0.16 0.62 0.09
145e149.9 cm 1.03 0.15 sen 0.09 0.89 0.15 0.94 0.09
<145 cm 1.41 0.17 1.45 0.11 1.35 0.17 1.14 0.10
Mother's BMI
<18.5 0.31 0.12 0.24 0.11 0.87 0.13 0.91 0.13
18.5e24.9 0.26 0.11 0.04 0.11 0.45 0.12 0.46 0.13
>¼25.0 0.00 0.00 0.00 0.00
Age at Marriage
<18 y 0.20 0.08 0.05 0.05 0.12 0.08 0.04 0.05
>¼ 18 y 0.00 0.00 0.00 0.00
Dietary diversity score
Quintile1 (lowest) 0.53 0.12 0.41 0.08 0.55 0.13 0.33 0.08
Quintile2 0.26 0.13 0.31 0.08 0.36 0.14 0.21 0.08
Quintile3 0.35 0.11 0.28 0.08 0.41 0.13 0.16 0.08
Quintile4 0.10 0.13 0.21 0.09 0.12 0.15 0.08 0.09
Quintile5 (highest) 0.00 0.00 0.00 0.00
Breastfeeding initiation
<1 h of birth 0.00 0.00 0.00 0.00
�1 h of birth 0.05 0.08 0.05 0.05 0.08 0.08 0.11 0.05
Infectious disease in past 2 weeks 0.05 0.08 �0.02 0.05 0.04 0.08 0.06 0.05
Drinking water source not improved �0.13 0.08 �0.05 0.07 �0.06 0.09 0.01 0.08
Unsafe disposal of stools �0.03 0.08 �0.13 0.08 0.15 0.09 0.05 0.08
Sanitary facility not improved 0.15 0.08 0.18 0.07 0.03 0.09 0.16 0.07
HH air quality
Non-solid fuels 0.00 0.00 0.00 0.00
Solid fuels in separate kitchen 0.07 0.09 0.18 0.09 0.06 0.10 0.06 0.11
solid fuels in non-separate kitchen 0.16 0.12 0.25 0.10 0.18 0.12 0.18 0.12
Iodized salt not used 0.18 0.08 0.07 0.04 0.14 0.08 0.06 0.05
Not fully vaccinated 0.32 0.08 0.05 0.05 0.23 0.08 �0.01 0.05
No vitamin A supplementation 0.17 0.10 0.02 0.07 0.02 0.09 0.02 0.06
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In spite of these limitations, the effect sizes observed in our
study appear to be in line with what has been published previously
from randomized trials and systematic reviews on selected risk
factors (Arimond and Ruel, 2004; Bhutta et al., 2008; Clasen et al.,
2014; Dewey and Adu-Afarwuah, 2008; Patil et al., 2014). For
example, dietary diversity was associated with height-for-age in
10/11 low- and middle-income countries studied using a similar
index to that reported here (Arimond and Ruel, 2004). Further, the
effect size for diet reported here (about 0.6 for stunting) was close
to the mean effect size reported in a systematic review of 11 studies
(6 efficacy trials and 5 effectiveness studies) where the in-
terventions were education around complementary feeding. In 7 of
these studies, the overall mean effect size was found to be 0.6 (95%
CI: -0.02e2.99) (Dewey and Adu-Afarwuah, 2008). A pooled meta-
analysis of studies on the effect of vitamin A supplementation on
the serum retinol level of children showed a non-significant result
(WMD from random-effects model 0.02, 95% CI: -0.05, 0.09), which
was consistent of our lack of association with vitamin A levels and
stunting/underweight (Bhutta et al., 2008). Further, two recent
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
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large-scale cluster randomized trials on improving sanitation in
India also failed to demonstrate a robust association with child
underweight/stunting despite improving household level access to
improved sanitation facilities; (Clasen et al., 2014; Patil et al., 2014)
corroborating the weak association we observe in our study.

Our findings indicated substantially larger effects for maternal
height, BMI, household wealth, education, and children's dietary
diversity and this underscores the importance of improving the
overall environmental and socioeconomic conditions at the child,
maternal and household levels. Despite our focus on maternal
height and BMI, our analyses of paternal nutrition showed a similar
pattern. For example, the PAR for paternal height was 17% for child
stunting in a model adjusted for all 15 risk factors, making it the
second most important risk factor after maternal height and hence
underscores the importance of overall social environment
(Subramanian et al., 2009, 2010). Further, the contribution of
intergenerational factors to offspring mortality and undernutrition
in India and other countries has been demonstrated using maternal
height as a marker of early life nutritional and environmental
ronic undernutrition among children in India: Estimating relative
edicine (2015), http://dx.doi.org/10.1016/j.socscimed.2015.11.014



Table 5
Fully adjusted b (log-odds) coefficients and standard errors of risk factors for undernutrition among children aged 6e35 m in India, NFHS-2 (1998e99) and NFHS-3 (2005e6).

Risk factors Stunting Underweight

1998e99 2005e06 1998e99 2005e06

b SE b SE b SE b SE

Household wealth quintile
Quintile 1 (poorest) 0.52 0.12 0.69 0.11 1.04 0.12 0.91 0.12
Quintile 2 0.50 0.11 0.52 0.10 0.75 0.11 0.70 0.11
Quintile 3 0.30 0.10 0.44 0.09 0.64 0.11 0.46 0.10
Quintile 4 0.32 0.09 0.38 0.08 0.46 0.09 0.34 0.08
Quintile 5 (richest) 0.00 0.00 0.00 0.00
Mother's education
No schooling 0.72 0.10 0.62 0.12 0.62 0.11 0.69 0.13
Primary 0.48 0.10 0.51 0.12 0.43 0.11 0.54 0.13
Secondary 0.25 0.09 0.35 0.11 0.20 0.10 0.35 0.12
College 0.00 0.00 0.00 0.00
Mother's height
160þ cm 0.00 0.00 0.00 0.00
155e159.9 cm 0.39 0.09 0.40 0.09 0.25 0.10 0.40 0.09
150e154.9 cm 0.77 0.09 0.70 0.08 0.59 0.10 0.64 0.08
145e149.9 cm 1.12 0.10 1.08 0.09 0.80 0.10 0.98 0.08
<145 cm 1.40 0.11 1.50 0.10 1.08 0.11 1.23 0.10
Mother's BMI
<18.5 0.33 0.10 0.36 0.09 1.10 0.12 0.92 0.10
18.5e24.9 0.21 0.10 0.18 0.08 0.57 0.12 0.47 0.10
>¼25.0 0.00 0.00 0.00 0.00
Age of marriage
<18 y 0.17 0.05 0.06 0.04 0.15 0.05 0.06 0.05
>¼18 y 0.00 0.00 0.00 0.00
Dietary diversity scorea

Lowest 0.54 0.14 0.18 0.05 0.25 0.14 0.18 0.05
Moderate 0.31 0.13 0.12 0.05 0.05 0.14 0.07 0.05
Highest 0.00 0.00 0.00 0.00
Breastfeeding initiation
<1 h of birth 0.00 0.00 0.00 0.00
�1 h of birth 0.20 0.06 0.03 0.05 0.09 0.06 0.12 0.05
Infectious disease in past 2 weeks 0.03 0.04 �0.02 0.04 0.15 0.04 0.05 0.04
Drinking water source not improved �0.09 0.06 �0.11 0.06 �0.08 0.06 �0.06 0.06
Sanitary facility not improved 0.23 0.07 0.18 0.06 0.23 0.07 0.11 0.06
HH air qualityb

Non-solid fuels 0.00 0.00 0.00 0.00
Solid fuels in separate kitchen 0.03 0.08 0.03 0.07 �0.19 0.08 �0.01 0.08
Solid fuels in non-separate kitchen 0.03 0.09 0.18 0.08 �0.17 0.09 0.07 0.09
Not fully vaccinated 0.25 0.05 0.13 0.05 0.23 0.05 0.07 0.04

We report b coefficients (log odds) from mutually adjusted logistic model for all risk factors plus age and sex.
a Dietary diversity was captured through the 24-h recall of foods/food groups component of the NFHS-2 and -3 questionnaires, but due to lower data availability of food

related variables in NFHS-2 (where the score varied between 0 and 4), children were grouped into 3 groups along tertiles of the scores.
b Household air quality captured through type of cooking fuel and type of kitchen in NFHS-3 but information about where food were cooked (in the house, in a separate

building, or outdoors) was but not in NFHS-2, thus this information is not available in the variable for 1998e1999.
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conditions of the mother (€Ozaltin et al., 2010; Subramanian et al.,
2009).

An important policy implication of our research is to move to-
wards a multi-factorial framework model of addressing child
stunting/underweight in India. Evidence of the potential effec-
tiveness of this multi-factorial framework has been documented in
a recent study, which found a significant inverse association be-
tween the overall coverage of proven nutrition interventions and
levels of child undernutrition in Indian states (Aguayo et al., 2014).
Tremendous efforts have beenmade in recent years to demonstrate
optimal ways of reducing undernutrition at a global scale. The two
Lancet series on undernutrition are examples of these efforts
(Bhutta et al., 2008, 2013; Black et al., 2008; Ruel et al., 2013),
although much more could potentially be achieved through
drawing on efforts to reduce multiple risk factors simultaneously.
Further, much work has been placed on immediate determinants
including micronutrient supplementation, care and management
of infectious diseases. While these risk factors are very important
on their own (and as our unadjusted results demonstrate) what
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may be underpinning sluggish declines in stunting over the past
two decades is lack of improvement on social conditions.

For instance, the small contribution of WASH is reflective of the
need to not simply measure and intervene at the individual-level
but also consider the socioeconomic context as well as the politi-
cal economy (Narain, 2012). On the one hand our results appear to
align with the null effects observed in the randomized controlled
trials on improving access to sanitary facilities (Clasen et al., 2014;
Patil et al., 2014). The implicit approach that such interventions
take is based on an unverified assumption that it is people's
behaviour that is an impediment to use of improved facilities and
further assumes that health care services are adequate and of high
quality. Indeed, by all accounts public health infrastructure is not
only inadequate but also of extremely poor quality (National
Institute of Urban Affairs (2005)). This is further reflected in how
India is on pace to meet the MDG-7 goal on improved water (with
up to 90% coverage of ‘improved sources’) (WHO/UNICEF, 2013),
although few cities have continuous supply of drinking water, and,
in a recent study 42% of urban and 60% of rural samples of water
ronic undernutrition among children in India: Estimating relative
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Fig. 6. State level associations between prevalence of stunting and levels of selected risk factors in 1998e1999 and in 2005e2006 (left panel) and correlation between the change in
stunting and the change in levels of risk factors between 1998e1999 and 2005e2006 among children aged 6e35 months. State abbreviations: AP - Andhra Pradesh, AS - Assam, BR -
Bihar, GA - Goa, GJ - Gujarat, HR - Haryana, HP - Himachal Pradesh, JK - Jammu And Kashmir, KA - Karnataka, KL - Kerala, MP - Madhya Pradesh, MH - Maharashtra, MN - Manipur,
ML - Meghalaya, MZ - Mizoram, NL - Nagaland, OR - Orissa, PB - Punjab, RJ - Rajasthan, SK - Sikkim, TN - Tamil Nadu, WB - West Bengal, UP - Uttar Pradesh, DL - New Delhi, AR -
Arunachal Pradesh, TR - Tripura.
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Fig. 7. State level associations between prevalence of underweight and levels of selected risk factors in 1998e1999 and in 2005e2006 (left panel) and correlation between the
change in underweight and the change in levels of risk factors between 1998e1999 and 2005e2006 among children aged 6e35 months. State abbreviations: AP - Andhra Pradesh,
AS - Assam, BR - Bihar, GA - Goa, GJ - Gujarat, HR - Haryana, HP - Himachal Pradesh, JK - Jammu And Kashmir, KA - Karnataka, KL - Kerala, MP - Madhya Pradesh, MH - Maharashtra,
MN - Manipur, ML - Meghalaya, MZ - Mizoram, NL - Nagaland, OR - Orissa, PB - Punjab, RJ - Rajasthan, SK - Sikkim, TN - Tamil Nadu, WB -West Bengal, UP - Uttar Pradesh, DL - New
Delhi, AR - Arunachal Pradesh, TR - Tripura.
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were found to be contaminated (Johri et al., 2014). Our sensitivity
analyses revealed a consistency of association between structural
factors, basic infrastructure and individual/household correlates
across urban and rural areas suggesting that the effect of these
factors is consistent in all parts of the country. Focus on limitations
in social and economic infrastructure crucial for children's growth
Please cite this article in press as: Corsi, D.J., et al., Risk factors for ch
importance, population attributable risk and fractions, Social Science & M
and health remains dismal. To date there is no evidence that India
appears to be investing on a large scale in basic infrastructure that
would be required to ensuring clean water and hygienic sanitation
to all segments of the population. In the absence of such parallel
investments, it is not surprising that risk factors such as drinking
water and sanitation facilities appeared to have little impact in
ronic undernutrition among children in India: Estimating relative
edicine (2015), http://dx.doi.org/10.1016/j.socscimed.2015.11.014
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these analyses.
In summary, our findings suggest that population based im-

provements in child nutritionmay bemost effectively achieved by a
comprehensive strategy of medium- and long-run strategies
focused on a broader progress on social and infrastructural do-
mains as well as investments in nutrition specific programs, for
instance to promote dietary adequacy and diversity, is needed to
ensure a long term trajectory of optimal child growth and
development.
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