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Abstract

Background: This paper deals with three key indicators of anthropometric failure viz. stunting, wasting, and
underweight, their significant correlates, and spatial dependence across 640 districts of India. The paper uses data
from three different rounds of NFHS conducted from 1998 to 2015. The spatial analysis uses district-level information
collected first time in NFHS-4 (2015-16).

Methods: Analytical methods used in this paper include multivariate logistic regression to examine the adjusted
effects of various predictors and predicted probabilities to explain changes in the likelihood of anthropometric failures
over time. Besides, bivariate LISA maps and spatial error models provide spatial dependence and clustering in
anthropometric failures among children.

Results: Results highlight that women’s education, maternal nutrition, birth order, birth weight, and the wealth
quintiles of households were essential markers of the anthropometric failures among the children. The likelihood of
anthropometric failures declined considerably during 1998-2005 in comparison to 2005-15, especially among the
children from the wealthiest quintiles. Spatial clustering in the prevalence of anthropometric failures portrayed that
Moran’s | values were significant for the utilization of ICDS services and mothers having low BMI. The univariate
Moran’s | statistics were 0.62 and 0.72 for stunting and underweight, respectively. When spatial weights were
considered, the autoregression model noticeably became stronger in predicting the prevalence of stunting and
underweight.

Conclusions: Evidence on significant correlates and spatial dependence of anthropometric failure shed
the importance of strengthening multisectoral convergence in various nutrition-specific and nutrition-sensitive
interventions in combating the anthropometric failures in the context of nature and patterns emerging in various

hotspots and cold spots.
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Background

Three conventional indicators of anthropometric failure among
children, namely stunting (low height for age), wasting (low weight
for height) and underweight (low weight for age), portray major
nutritional challenges not only in the underdeveloped countries but
are a telling concern even for developing countries like India [1]. It is
also worth mentioning that the development of any country is judged
by their economic prosperity as well as by the health and wellbeing of
their people, and its ultimate strength is determined by the education
and health of its children. Out of all the undernourished children in
the world, around 40% live in India [2]. As per the first comprehensive
estimate of disease burden due to child malnutrition, two-thirds of 1.04
million under-five deaths in India are primarily due to anthropometric
failures [3]. The burden of undernourishment is severe for the health
and wellbeing of people in all age groups. Still, children under age five
are at a higher risk because undernourishment hampers cognitive
development affecting their entire life [4]. Anthropometric failure
has both short term and long term unpropitious ramifications
associated with it. In the short-term, it leads to ill health and mortality
among children [5]. In the long-term, it leads to impaired cognitive
development, poorer educational achievement, and impeded economic
productivity [6,7].

Additionally, it also accelerates the risk of illnesses and works as
the underlying cause of related deaths of a childhood disease such
as measles, diarrhea, and acute respiratory infectious diseases [8].

This speaks volumes of the sorry state of the nutritional status of the
supposed future of the nation, the building blocks of our nation, our
children [9,10]. Given the severity of the problem, eradication of
malnourishment was included in the Millennium Development Goals
(MDG). Besides, the primary reason this was later included in the
Sustainable Development Goals (SDGs), too, was because the target
could not be achieved by 2015. Keeping in mind the severity of the
challenge, at least 12 of the 17 SDGs are linked to nutrition. Although it
seems impossible to achieve it in the short-run, however, with sufficient
and continuous efforts, the government plans to achieve SDG-2, which
aims to eradicate hunger and all forms of malnutrition by 2030.

The government of India has initiated several large-scale
supplementary feeding programs and has been working extensively
in the last 65 years to reduce the anthropometric failures in the
country [11]. A large number of programs were rolled out to enhance
the nutritional status of children, which includes the De-worming
program for children, initiation of early breastfeeding under the
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MAA national breastfeeding program, supplementation of Iron-
folic acid tablets (IFA), National Food Security Mission and Poshan
Abhiyan for holistic nourishment. Among all these programs, one
of the earliest interventions to break the vicious cycle of under-
nutrition by adopting a lifecycle approach and by reaching the critical
age groups is the Integrated Child Development Services (ICDS)
Scheme, India’s flagship program for nutrition. It was started in 1975
by the Government of India to achieve better health and nutrition of
children, pregnant women, and lactating mothers. Children below age
six years are eligible to get the benefits of ICDS services. Under this
scheme, beneficiaries receive services like supplementary nutrition
for children, health check-up, growth monitoring of children, and
their immunization. Besides, pregnant women and lactating mothers
receive intensified counseling on nutritional and health information
for mothers and their children.

Emphasizing on the broad consensus that, investments in
nutrition-specific and nutrition-sensitive programs to ensure healthy
living conditions are required to reduce the anthropometric failures
substantially. Priorities were always accorded to nutrition-specific
interventions that aim to modify individual-level behaviors such as
complementary foods and feeding practices and breastfeeding [12-
15]. When the findings of NFHS-3 were announced in 2005-06, and
it was found that the prevalence of anthropometric failure among
children in India was one of the highest in the world, the issue attracted
the focused attention of policymakers and program managers. The
results highlighted that nearly half of the children under age five were
stunted (48%), and (43%) were underweight. Also, it called attention
to the fact that the ICDS program in India covered only 110 out of
160 million children under the age of 6 years. With these two sets
of information, it is believed that the ICDS scheme is yet to lead a
substantial improvement in the nutritional status of children. Also, it
can be argued that it is not always food insecurity that affects the level
of anthropometric failure in India. There are many other proximate
risk factors behind this scenario viz. socioeconomic conditions and
maternal characteristics [16]. In addition to this, studies have pointed
out that anthropometric failure varies by geographical location
because of its altitude, rainfall, crop production, population density
and diseases related to the specific area [17-20]. Socio-economic
inequality plays a significant role in affecting the three components
of anthropometric failure, i.e., stunting, wasting, and underweight in
most developing countries like India. There is a pool of the researchers
who stringently bolster that the reduction of poverty and strengthening
of health infrastructure will assist in improving child health conditions,
especially dealing with such failure. However, the causal relationship
between socio-economic inequality and anthropometric failure is not
explicit. These points toward the need to understand the importance
of other known correlates [21]. The fourth round of National Family
Health Survey provides the first opportunity in more than a decade
to conduct an up-to-date, complete evaluation of the importance of
various factors concerning child anthropometric failures in India.
It cannot be denied that the nutritional transition in India depicts a
significant decline in the prevalence of these failures among children
below age five during the last decade, except for childhood wasting.
However, several eminent experts have talked about how the problem
of anthropometric failure is still severe, with almost two-fifths of the
world’s under-nourished children living in India [22]. In the existing
nutritional transition among children in India, some critical research
questions that emerge from the evolution seen in anthropometric
failures are (1) what are the essential contributors to socio-economic
and spatial inequalities in anthropometric failures among children
in India? (2) How is the spatial heterogeneity in the prevalence of

anthropometric failures among under-five children? The results of the
spatial analysis will help recognize the role of diverse risk factors in
anthropometric failures. This will have pivotal implications for policy-
makers, planners, and organizations seeking to meet national and
international development targets and help policymakers in planning
as per the need of the geographical location.

Data and Methods

Data sets

The basic data used in this analysis have been taken from the last
three rounds of National Family Health Survey, NFHS-2 (1998-99),
NFHS-3 (2005-06), and NFHS-4 (2015-16). NFHS 3 used multistage
stratified sampling and was conducted in all 29 states of India. For the
first time, the NFHS-4 included all 36 states, union territories, and 640
districts in India [22]. Survey respondents were selected following a
stratified two-stage sampling frame by states and urban and rural areas
within each state. The data used to pertain to 89,199 eligible women
age 15-49 and their children born in the last three years preceding
NFHS 2; 124,385 women and their children under five in NFHS-3 and
699,686 women and their children under age five in NFHS-4. The unit
of analysis of the study was district; there were 640 districts in India
in 2015-16, with each district having an average of 940 households
surveyed. The anthropometric measures used were stunting, wasting,
and underweight among children born in the last three years for
NFHS-2 and the last five years for NFHS 3 and 4.

Description of variables

The predictor variables used in the study were; sex, age of the child,
educational level of the mother, place of residence, wealth quintile,
belonging to a particular caste, belonging to a particular religion, Body
Mass Index (BMI) of the mother, time of initiation of breastfeeding,
cesarean section delivery, birth order of the child, birth weight of the
child and ICDS usage. All children younger than five years of age were
selected for anthropometric measurements. In some of the analyses, we
coded age into several groups: 0-5, 6-11, 12-23, 24-35, 36, and above
months. BMI of the mother was calculated as weight in kilograms
divided by height in meters squared (kg/m?*). Mothers were categorized
according to three risk factors, ‘underweight” were classified as having
a BMI <18.5 k/m* “normal” was classified as having BMI 18.5-24.95
k/m? and “overweight/obese” was classified as those having BMI 25-
29.9 kg/m*and above. Wealth index was divided into quintiles, and
each household was assigned its corresponding category (1 being
“Poorest” and 5 “Richest” in wealth). Birth order is the number of
children a woman has; we have categorized it as “1-27,” 3-4”, “5 or
more”. Mother’s education level has been classified into four groups,
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“no education”, “primary”, “secondary,” and “higher education”.

Bivariate analysis was used to analyze trends in anthropometric
failures among children in India. Univariate and Bivariate Local
Moran’s I, and LISA maps were used to analyze the spatial variation
in the prevalence of anthropometric failures. Moran’s I is a correlation
coeflicient that measures the overall spatial autocorrelation of a data
set. It is one way to test for autocorrelation and has a value from -1 to 1.
A Moran’s value of -1 is perfect clustering of dissimilar values (this can
be called perfect dispersion), a value of 0 is no autocorrelation (perfect
randomness.), and a value of +1 indicates perfect clustering of similar
values (it’s the opposite of dispersion).

A multivariate logistic regression model was used to analyze the
adjusted effects of various predictors of anthropometric failure. The
OLS suggested there was spatial autocorrelation in its error term
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for anthropometric failures, so the suitability of Spatial Error Model
(SEM) and Spatial Lag Models (SLM) were examined using diagnostic
tests. The fundamental difference between the two models is that the
spatial lag model, unlike the spatial error model does not consider
the spatial dependence in the error term. Diagnostics tests for spatial
relationships were carried out, and the value of the Lagrange Multiplier
is found significant in both the models (p < 0.001). Next, we compared
the Akaike Information Criterion (AIC) value for both the models to
know the best spatial fit. Therefore, a larger value of LM (error) than
the LM(lag) and relatively larger value of adjusted R? explained the
better model adequacy and lower values of Akaike info criterion and
Schwarz criterion, this further explained better suitability of the model,

which led us to apply LM(error) model. A detail description of Spatial
Error and Spatial Lag models can be found in various literature [23,24].

Findings

Over the last decade, there has been a decline in the level of
anthropometric failures among children, except for wasting. The
adjusted effect of various predictors of childhood anthropometric
failure indicates that the most significant predictors of stunting and
underweight are mother’s education, belonging to scheduled caste
households, and the lowest wealth quintile. Table 1 shows the trend in
anthropometric failure among children below five years of age in India
by some selected background characteristics. NFHS-2 had information

Background variables Stunting Wasting Underweight
NFHS2* NFHS3 NFHS4 NFHS2* NFHS3 NFHS4 NFHS2* NFHS3 NFHS4
Sex of child
Male 49.6 421 37.6 18.9 19.9 22.4 39.6 36.3 34.2
Female 48.2 40 34.4 17.8 18.9 20.9 38.2 36.3 32.2
Age of child
0-5m 248 18.2 20.3 243 28.2 29.6 30.1 25.8 25.8
6-11m 334 25.1 23.7 20.5 25.4 25.9 32.3 29.2 27.9
12-23 m 55.8 48 42.3 19.1 20.1 211 40.9 37.9 33.9
24-35m 62.7 50.6 42.2 13.3 16 19.3 451 40.5 36.4
36 and above NA 441 41.9 NA 15.3 17.3 NA 39.1 37.3
Birth size of baby
Average and above 46.6 39.2 35 16.3 17.8 211 354 33.5 31.7
Below average 56 49.1 44 .4 24.6 26 26.6 49.9 47.6 451
Mother's education
No education 58.4 52.1 471 21.8 241 25.5 49.3 48.4 46
Primary education 50 45.3 411 18.1 20 23.2 39.5 39.1 37.8
Secondary education 39.3 34.2 31.6 14.9 16.2 20.2 27.9 28.4 28.7
Higher education 25.8 18.3 19.9 11.2 13.1 17.2 16.5 14.9 17
BMI of mother
Underweight 54.4 49.1 43.5 23.1 26.3 29.3 49.5 48.4 46.5
Normal 47.3 39.3 35.7 16.3 17.4 20.7 34.8 32.9 32.1
Overweight/Obese 30.9 27 246 9.3 9.6 14.8 14.8 18 18.6
Initiation of breast feeding
Within 1 hour 44 42.5 35.3 16.9 20.3 213 33.5 38.3 33.8
After 1 hour 50.6 38.2 35.9 18.9 17.6 21.9 41 32.1 33
Birth order
1-2 44.6 31.2 33.6 16.9 18 211 34.4 31.2 31.3
3-4 52.4 39.7 41.2 19.1 19.8 223 42.6 39.7 37.9
5 or more 58.3 35.5 471 22.3 23.9 23.8 49 49.1 44.6
Place of residence
Rural 52.2 45.2 38.3 19.5 211 22.3 41.9 41 354
Urban 40.1 34.8 29.9 15.2 16.9 19.9 31 29 271
Religion
Hindu 50.1 44 39 19.3 19 21.8 41.6 39 36.7
Muslim 50.5 45.9 39.6 18.4 17.5 18.3 39.8 37.8 33.4
Christian 38.7 39.5 33.3 13.3 13.8 13.2 20.7 25.9 20.5
Other 40.4 36.4 27.4 10.2 13.7 16.8 22.6 26.1 22.7
Caste
Scheduled caste 56.2 50.6 43.3 20.4 19.7 21.6 46.3 44.2 39.5
Scheduled tribes 50.7 471 39.7 20.2 20.6 21.6 38.7 39.4 34.7
Other backward caste 49.5 45.9 39.4 20.1 19 20.8 42.4 40.1 36.3
Other 44.2 36.1 30.4 15.3 15.7 17.9 32.9 29.7 26.8
Wealth quintiles
Poorest 60.2 56.1 49.2 26.8 28.3 28 54.8 55.5 49.1
Poor 58.3 50.7 41.5 20.8 221 22.8 47.9 46.2 37.7
Middle 48.2 44.9 34.4 17 19.7 19.8 37.8 38 30.1
Richer 42 37.2 27.5 14.7 16.8 18.5 30.5 30.7 24.4
Richest 32.3 23.9 21.8 11.1 13.5 17.3 19.8 19.1 18.7
Total 48.9 48 38.4 18.3 19.8 21 38.9 425 35.7

Table 1: Prevalence in anthropometric failures among children below the age 5 years in India by some selected background characteristic, 1998-2016.
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about children up to 3 years only. The trend in anthropometric failure
has been shown in terms of stunting, wasting, and underweight as the
nutritional indicators for children under three years and five years of
age. Over the last decade, there has been a substantial decline in the
proportion of stunted children (from 48% to 38%) and underweight
children (from 43% to 36%) in India. However, the trend in wasting is
not similar, and there is an increase in the prevalence of wasted children
from NFHS-2 to NFHS-4. The study found that the decline in stunting
and underweight between NFHS-3 and NFHS-4 was more significant
among female children than among male children. The nutritional
status of children below age five in rural areas has improved faster in the
last decade; there has been a seven-percentage point decline in stunting
and a six-percentage point decline among underweight children, but
the level of prevalence is still smaller than in urban areas.

The children whose size was below average at the time of birth
were more likely to be malnourished in terms of each of the indicators
of anthropometric failure in NFHS-4. Around 50% of underweight
mothers had stunted children in 2004-05, the same after a decade in
2015-16 decreased to 43%. In NFHS-3, approximately 36% of mothers
having a birth order of 5 or more had stunted children and this rose

to 47% in NFHS -4. The percentage of underweight children in rural
India declined from 41% to 35% from NFHS-3 to NFHS-4. There was
a 4% decline in underweight children from scheduled caste from 2006-
2016. Children age 12 months and above have a higher prevalence of
stunting, as well as underweight, than among children aged less than
11 months. However, the same wasn’t true for wasting. As per NFHS-4,
around 22% of male children and 21% of female children were wasted

Tables 2a-c presents the predicted probability of being stunted,
underweight, and wasted of children using logistic regression analysis
for different categories of wealth, mother’s education, and urban-rural
place of residence in India, 1998-2016. It is evident from the findings
that for children below age three years belonging to the poorest wealth
quintile, the estimated probability of being stunted declined from
0.548 in 1998-99 to 0.514 in 2005-06, a decline of 6%. Over the same
period, the estimated probability of the stunting among children
below age three from the richest wealth quintile declined by 31%. The
corresponding declines in the estimated likelihood of stunting among
children below age five were 4% among those from the poorest wealth
quintiles as against 8% among the children from the wealthiest wealth
quintiles. The recent pattern in the decline of the estimated probability

Wealth with time Stunting Underweight Wasting
predicted probability C.lL predicted probability C.l predicted probability C.l
1998-99*
Poorest 0.548 (0.533,0.563) 0.503 (0.489,0.518) 0.26 (0.248,0.272)
Poor 0.543 (0.529,0.557) 0.447 (0.434,0.460) 0.203 (0.192,0.214)
Middle 0.474 (0.461,0.487) 0.373 (0.360,0.386) 0.169 (0.159,0.18)
Richer 0.453 (0.439,0.467) 0.334 (0.320,0.347) 0.152 (0.141,0.163)
Richest 0.41 (0.392,0.428) 0.266 (0.249,0.283) 0.123 (0.109,0.136)
2005-06*
Poorest 0.514 (0.497,0.530) 0.498 (0.482,0.514) 0.282 (0.268,0.295)
Poor 0.475 (0.460,0.490) 0.431 (0.417,0.445) 0.231 (0.218,0.243)
Middle 0.426 (0.413,0.440) 0.348 (0.335,0.361) 0.199 (0.187,0.21)
Richer 0.369 (0.356,0.382) 0.29 (0.277,0.303) 0.176 (0.165,0.187)
Richest 0.281 (0.265,0.298) 0.212 (0.197,0.228) 0.15 (0.136,0.164)
Change 1998-05*
Poorest -0.034 -0.005 0.022
Poor -0.068 -0.016 0.028
Middle -0.047 -0.025 0.029
Richer -0.084 -0.044 0.024
Richest -0.128 -0.054 0.027
2005-06
Poorest 0.485 (0.031,0.873) 0.454 (0.044,0.863) 0.243 (0.233,0.253)
Poor 0.524 (0.071,0.870) 0.468 (0.086,0.841) 0.2 (0.19,0.209)
Middle 0.458 (0.044,0.826) 0.396 (0.066,0.791) 0.179 (0.171,0.187)
Richer 0.39 (0.032,0.768) 0.331 (0.045,0.760) 0.161 (0.153,0.169)
Richest 0.262 (0.028,0.724) 0.22 (0.036,0.697) 0.137 (0.127,0.147)
2015-2016
Poorest 0.464 (0.047,0.814) 0.445 (0.052,0.850) 0.247 (0.243,0.25)
Poor 0.482 (0.074,0.821) 0.456 (0.078,0.827) 0.21 (0.206,0.213)
Middle 0.41 (0.057,0.754) 0.384 (0.075,0.781) 0.193 (0.19,0.197)
Richer 0.339 (0.046,0.744) 0.321 (0.051,0.767) 0.182 (0.178,0.187)
Richest 0.241 (0.036,0.659) 0.225 (0.044,0.673) 0.17 (0.164,0.175)
Change 2005-16
Poorest -0.022 -0.009 0.004
Poor -0.042 -0.012 0.01
Middle -0.048 -0.012 0.014
Richer -0.051 -0.01 0.021
Richest -0.021 0.006 0.032

* Based on children below three years

Table 2a: Predicted probability of being stunted, underweight and wasted from logistic regression analysis for different categories of wealth in India, 1998-2016.
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Education with time Stunting Underweight Wasting
predicted probability C.l. predicted probability C.l. predicted probability C.l.
1998-99*
no 0.554 (0.545,0.564) 0.452 (0.442,0.461) 0.195 (0.187,0.202)
primary 0.498 (0.483,0.513) 0.394 (0.380,0.408) 0.182 (0.171,0.194)
secondary 0.424 (0.411,0.436) 0.323 (0.311,0.335) 0.173 (0.163,0.183)
higher 0.325 (0.302,0.347) 0.253 (0.232,0.275) 0.158 (0.140,0.175)
2005-06*
no 0.463 (0.452,0.474) 0.403 (0.393,0.414) 0.226 (0.217,0.235)
primary 0.424 (0.407,0.440) 0.36 (0.344,0.375) 0.206 (0.193,0.22)
secondary 0.373 (0.363,0.383) 0.31 (0.300,0.320) 0.186 (0.177,0.195)
higher 0.275 (0.251,0.299) 0.242 (0.219,0.265) 0.177 (0.157,0.197)
Change 1998-05*
no -0.091 -0.048 0.031
primary -0.074 -0.034 0.024
secondary -0.05 -0.012 0.013
higher -0.049 -0.011 0.02
2005-06
no 0.554 (0.074,0.896) 0.495 (0.079,0.877) 0.197 (0.190,0.203)
primary 0.471 (0.053,0.859) 0.401 (0.068,0.806) 0.182 (0.173,0.192)
secondary 0.372 (0.033,0.837) 0.307 (0.042,0.771) 0.168 (0.162,0.175)
higher 0.194 (0.022,0.643) 0.157 (0.027,0.598) 0.162 (0.147,0.178)
2015-2016
no 0.504 (0.113,0.821) 0.48 (0.113,0.850) 0.214 (0.211,0.218)
primary 0.418 (0.085,0.749) 0.396 (0.098,0.769) 0.204 (0.200,0.209)
secondary 0.317 (0.053,0.750) 0.298 (0.060,0.755) 0.203 (0.200,0.205)
higher 0.181 (0.036,0.518) 0.168 (0.044,0.550) 0.196 (0.190,0.203)
Change 2005-16
no -0.05 -0.015 0.018
primary -0.053 -0.006 0.022
secondary -0.055 -0.009 0.034
higher -0.013 0.011 0.034

*Data only for children up to 3 years.
Table 2b: Predicted probability of being stunted, underweight and wasted from logistic regression analysis for different categories of mother’s education in India, 1998-2016.

Residence with time Stunting Underweight Wasting
predicted probability C.l predicted probability C.l predicted probability C.l
1998-99*
Rural 0.475 (0.462,0.487) 0.398 (0.386,0.410) 0.183 (0.177,0.188)
Urban 0.494 (0.487,0.502) 0.386 (0.379,0.393) 0.186 (0.176,0.196)
2005-06*
Rural 0.426 (0.415,0.437) 0.36 (0.349,0.371) 0.201 (0.194,0.207)
Urban 0.396 (0.388,0.404) 0.34 (0.333,0.348) 0.209 (0.199,0.218)
Change 1998-05*
Rural -0.049 -0.038 0.018
Urban -0.098 -0.046 0.023
2005-06
Rural 0.465 (0.022,0.896) 0.408 (0.027,0.877) 0.179 (0.174,0.184)
Urban 0.368 (0.024,0.859) 0.3 (0.032,0.808) 0.185 (0.179,0.192)
2015-2016
Rural 0.423 (0.040,0.821) 0.393 (0.044,0.850) 0.204 (0.202,0.206)
Urban 0.305 (0.036,0.777) 0.303 (0.046,0.790) 0.213 (0.209,0.217)
Change 2005-16
Rural -0.042 -0.015 0.025
Urban -0.063 0.003 0.028

*Data only for children up to 3 years.

Table 2c: Predicted probability of being stunted, underweight and wasted from logistic regression analysis for different categories of the place of residence in India, 1998-
2016.
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of stunting may be attributed to the on-going programs and services
to address micronutrient deficiencies and improving child-feeding
practices in the country, even among those coming from the poorest
wealth quintile. Further, increased nutritional awareness among
mothers coming from wealthier households may be the reason behinds
the drastic reduction in the estimated probability of stunting among
children of mothers from more affluent households.

Similarly, the predicted probabilities of being underweight
among the children below age three from the poorest wealth quintile
declined slightly (only 1%) from 1998-99 to 2005-06. In contrast, the
decline in the estimated probability of underweight during the same
period was more pronounced among children below age three from
the richest quintile (20%). The reduction in predicted probabilities
of children being underweight among the most deprived quintiles
during the last decade (during NFHS-3 to 4) among children below
age 5 was minuscule, ranging from 2% from among those coming
from the poorest wealth quintiles to 3% among those coming from the
wealthiest wealth quintiles. Besides, Table 2a portrays children below
age three; belonging to the poorest quintile, the estimated probability
of being wasted increased from 0.260 in 1998-99 to 0.282 in 2005-06,
an increase of over 8%. Over the same period, the likelihood of wasting
among children below age three from the richest wealth quintile
increased from 0.123 in 1998-99 to 0.150 in 2005-06, an increase of
22%. The corresponding increase in the prevalence of wasting among
children below age five among those from the poorest and richest
wealth quintiles between 2005 and 2016 was 2% and 23%, respectively.
These results portray that variation in the estimated probability of
stunting as well as underweight were relatively higher among those
coming from the poorest households during 1998-99 to 2005-06 in
comparison to the recent period of 2005-06 and 2015-16. However, the
changes in the estimated probability of wasting remain by and large the
same. This may be primarily due to higher values of anthropometric
failures during 1998-98, and hence achieving decline might have been
more straightforward. Another reason may be the changed age cohort.
The prevalence of anthropometric failures in 1998-99 was computed
among those below age three, which has the potential to produce faster
improvements due to any vertical interventions in comparison to
children in the age cohort of under five years.

Table 2b presents the predicted probabilities of stunted,
underweight, and wasted children using logistic regression analysis
for different categories of mother’s education in India, 1998-2016. The
estimated predicted probability of stunting among children below age
three among the mothers with no education declined by 16% point
during 1998-99 to 2005-06, while the same among those educated
up to higher secondary or above declined by 15% during the same
period. The corresponding changes in the predicted probability of
stunting among children below age five during 2005-06 and 2015-16
were 9% and 6%, respectively. Thus, there is an enormous change in
the estimated probability of stunting among women with no education,
which gradually declines with time, and hence making is relatively
complex to achieve a rapid decline in the future.

For underweight, the changes in the estimated predicted probability
among children below age three of the mothers who were having no
education were 10%, and for children of those having a higher level
of education was only 4% during 1998-99 to 2005-06. However, the
corresponding decline in the underweight of children below age five of
illiterate mothers during 2006-16 was only 3%. On the other hand, the
estimated probability of underweight among the children of mothers
educated up to higher secondary or above has increased from 0.157 to
0.167 (7% point) during 2005-06 to 2015-16. In the case of the third

indicator of anthropometric failures, i.e. wasting it is worthwhile to
mention that the predicted probability of wasting increased uniformly
irrespective of their age cohort or periods of 1999-2006 as well as 2006-
16. However, the magnitude of change varies by educational attainment
of mothers of those children. Although, it may be complex to explain
it precisely it is interesting to point out that during 1999-2006, increase
in the estimated probability of wasting was the highest among under
three children of illiterate mothers (16%), while the same changes for
the cohort of children below age five during 2005-06 to 2015-16 was
the highest among mothers educated up to higher secondary or above
(21%). This may be one of the reasons behind the increased predicted
probability of underweight among children below age 5 of mothers
educated up to higher secondary or above. Another possible reason
may be the quality of rearing of the children of educated mothers
in India, as they might be working in white-collar jobs. Hence, their
children might have been looked after either by maids or by elders of
the family.

Table 2c portrays the predicted probability of being stunted,
underweight, and wasted among children below age three and five,
respectively, along with the changes by place of their residence in
India during 1998-99, 2005-06, and 2015-16. The prevalence of
anthropometric failure among children in India is significantly higher
among rural children, irrespective of their age cohort and the periods
included in the analysis. It is evident from the results that the predicted
probability of stunting among urban children below age three declines
by 20% during 1998-99 to 2005-06, while the corresponding decrease
among children under age 3 in rural areas was only 10%. The pattern
remains the same even among changes in the predicted probability of
stunting among children below age five from 2005-06 to 2015-16, where
the corresponding declines are 17% and 9% in urban and rural areas,
respectively. Mostly a similar pattern has been observed even among
the changes in the predicted probability of underweight across urban
and rural areas, respectively. These differences in the anthropometric
failures among children under age three, as well as under age five may
be due to better economic prosperity as well as improved awareness
to mass media, which might have altered the child feeding practices
in urban areas, resulting into rapid transformation in anthropometric
failures among children.

The spatial analysis as shown in Figure 1 indicates that a cluster
of 144 districts has the highest level of clustering of stunting and
underweight; these districts mostly belong to Uttar Pradesh, Bihar,
and Gujarat. In total, 127 districts out of 640 were observed as hotspots
for a high prevalence of stunting and low BMI of mothers. Some of
these districts are Bijnaur, Bhagpat, Kanpur, Junpur, Agra, Sant
ravidas nagar, Buduan, Pilibhit, Rudraprayag.Mainpuri, Etah, Kopal,
Bijapur, Davangere, Yadgir, Kaimur, Sitamarhi, VAishali, Darbhanga,
Samastipur, Gaya, Narmanda, Bharuch, Kachchh, Anand, Bhopal,
Rajnandgaon. The map also shows a high prevalence of the beneficiary of
ICDS services and stunted mothers. There are 148 districts, which have
been identified as hot spots. These hotspots are mainly in the districts of
states like Uttar Pradesh, Bihar, Jharkhand, Gujarat, West Bengal, etc.
Some of the hotspot districts are Bahraich, Etawah, Balrampur, Gonda,
shrawasti, MAinpuri, Kheri, Farrukhabad, Mirzapur, Kaushambi, Bara
banki, Sultanpur, Etah, Fatehpur, Kannauj, Agra, Unnao, Chandauli,
Sant Ravidas Nagar, Sitamarhi, Nalanda, Vaishali, Bhabhua,
katihar, purnia, madhepura, Muzaffarpur, Lakhisarai,Rohtas, Purba
Champaran, Samastipur, Bhagalpur, Khagaria, Parbhani, Nandurbar,
Akola, Nashik.

Similarly, the district-level clustering analysis of underweight
children identifies 186 districts as hot spots; most of these districts
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Figure 1: Bivariate LISA cluster maps presenting geographic clustering in stunting and underweight among children below age
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Figure 2: Moran’s | Index for Stunting and Underweight using Scattered Plot.
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were in poorer states like Odisha, Gujarat, Maharshtra, Chattisgarh,
Rajasthan, West Bengal, Uttar Pradesh, Bihar, Jharkhand etc. Around
145 districts show clustering of low maternal BMI and childhood
underweight. Some of these districts are Gaya, Lakhisarai, Arwal,
Aurangabad, Samastipur, Samastipur, Jabalpur, Sheopur, Guna, Sidhi,
Datia, Gwalior, Puruliya, Bankura, Birbhum, Kolkata, Murshidabad.
Additionally, the map shows a high prevalence for the beneficiary of
ICDS services and underweight mothers, in which total 183 districts
were identified as the hot spots. Some of these districts are Narayanpur,
Bastar, Uttar bastar kanker, Dakshin bastar kanker, Malkangiri,
Nabarangapur, Birbhum, Paschim Medinipu, Bankura, Kolkata, Banka,
Gaya, Sheikhpura, Arwal, Madhepura, Lakhisarai, shahjahanpur,
Budaun, Lucknow, Lalitpur, Jaunpur.

Figure 2 depicts the bivariate Moran’s I statistics for two measures
of anthropometric failures among children across 640 districts of India
using the scattered plot. The univariate Moran’s I value for stunting
among children is 0.62 (statistically significant), which shows that
stunting among children is spatially clustered across Indian districts.
Amongst all the factors, the bivariate Moran’s I value for stunting
was the highest for utilization of ICDS services by children in the last
12 months (0.57, p<=0.001), followed by low BMI of mothers ( 0.50,
p<=0.05). Concerning univariate and bivariate Moran’s I values for
underweight, it was found that the univariate Moran’s I was (0.72,
p<=0.01) and the spatial autocorrelation was the highest with the

utilization of ICDS in the last 12 months (0.65, p <= 0.01) and birth
weight (0.60, p<=0).

The spatial autocorrelation with the application of bi-variate LISA
maps and Moran’s I put forward the need for analyzing the spatial
dependence in the prevalence of stunting and underweight among
children aged 0-59 months across different districts of India. To decide
the suitability of the model to analyze spatial relationships, two sets of
tests on Log Ranges Multipliers (LM) and Robust LM were used with
the help of the White test in the OLS model. The White test produces
the significance of LM (lag) as well as LM (error). As a result, Robust
LM (lag) and Robust LM (error) have been compared. A relatively
larger value of LM (error) than the LM (lag) and relatively larger value
of adjusted R’ (explaining the better model adequacy) and lower
values of Akaike info criterion and Schwarz criterion, (explaining
better suitability of the model), guided us to apply LM (error) model
to analyze the spatial dependence of stunting and underweight among
children with various predictors included in the model. Results of
the spatial error model on the spatial relationship of stunting and
underweight among under-five children are presented in Table 3.

The findings portray that in the prevalence of anthropometric
failure among children in India, geography matters significantly. When
we consider the spatial weights, the spatial regression model becomes
more influential in predicting the prevalence of anthropometric
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Coefficient Stunting Underweight
OLS Spatial Regression (Error Model) OLS Spatial
Regression
(Error Model)
R-squared 0.687 0.757 0.714 0.805
Log-likelihood -2035.05 -1978.57 -2104.67 -1997.61
Akaike info criterion 4086.1 3973.14 4227.35 4015.22
Schwarz criterion 4121.83 4008.87 4267.54 4059.88
Coefficient Spatial Error Model (Stunting) Spatial Error Model (Underweight)
Household environment and Coefficient z-value Probability Coefficient z-value Probability
background characteristics
Lag Coeff. (Rho) - - - 0.477 16.039 0
Constant 6.056 3.227 0.001 -14.333 -4.569 0
Rural Place of residence -0.02 -1.375 0.169 0.127 3.458 0
Belonging to SC/ST caste -0.0427 -3.299 0 -0.035 -3.476 0
C-section Delivery 0.207 7.243 0 0.082 3.309 0
Higher Birth Order (3+) 0.352 10.529 0 0.176 6.505 0
Low BMI of Mother 0.247 7.265 0 0.419 13.251 0
Low Birthweight (less than 2.5 kg) 0.105 2.319 0.02 0.051 1.325 0.185
No ICDS -0.0348 -2.104 0.035 -0.074 -5.143 0
Lambda 0.582 13.957 0 - - -

Table 3: Summary of the output of the spatial error model and maximum likelihood
districts of India, 2015-16.

failure among children. Poor maternal nutrition, low birth weight,
C-section deliveries, and higher birth order were found to be the key
predictors significantly explaining the spatial dependence of stunting
and underweight among children age 0-59 months. The use of ICDS
services in the last 12 months significantly affected the spatial variation
in the prevalence of stunting but in a negative direction, which may be
primarily due to selection bias for participation in the ICDS. This brings
out the issue of selectivity as most of the children who were availing
ICDS services either for supplementary nutrition, health check-ups or
for immunization services, hail from the socio-economically deprived
section of society. Rural place of residence was not significantly
affecting the stunting of children, but it has emerged as a considerably
affecting predictor of underweight in the spatial model. This find
affirms the findings explained in the earlier section that rural children
are at a disadvantageous position in terms of anthropometric failures,
which varies by space. It is worth mentioning that the inclusion of
spatial weights in the model has increased the predicting power of the
model from 69% in case of OLS to nearly 76% in the spatial regression
model for the prevalence of stunting, while the corresponding values
for underweight were 71% and 81% respectively.

Discussion and Conclusions

Anthropometric measures are the most routinely used objective
indicators of nutritional status in children [25]. Nevertheless, having
the biggest anti-anthropometric failure program and a prolonged
history of the fight towards ending it, in 2015-16, more than 38% of
children were stunted, 20% were wasted, and 36% were underweight,
which is the stark reality. Such high numbers show our failure in
securing our children. The relationship between maternal level factors
and child’s anthropometric failure has also been documented in several
other studies [6,12,16,26]. The study underscores the importance of
improving the overall environmental and socioeconomic conditions
at the child, maternal and household levels. Children who were more
than 12 months of age were more likely to be stunted or underweight;
age correlated positively with both, these findings are not surprising
and are in line with previous assessments. In the initial months,
children are wholly dependent on mother’s milk for food and hence
are adequately fed and nourished. However, at a later stage, the child

estimation for stunting and Underweight by different background characteristics across

becomes more dependent on other sources of food for his nutrition
needs; this could hamper his nourishment levels [27,28].

Our results underscore that factors such as sex of the child, birth
order, BMI of the mother, education, and household wealth were
highly related to anthropometric failures. Our findings go in line with
other authors who talk about maternal education playing a significant
role in influencing the anthropometric failure [7,29]. Highly educated
have a significant influence on a child’s nutritional status, and this
ultimately alters the vicious poverty cycle, as anthropometric failures
are critical predictors of human capital. Wasting has a different
pattern. Educated mothers had a higher prevalence of wasted children.
A possible explanation for this could be the mother’s working status.
Mother’s engagement in some occupations adversely affects a child’s
growth because they cannot give proper care and time to their children
on their own [30].

Further, it is evident from the findings of both rounds of NFHS
(2005-06 and 2015-16) that higher birth-order children were under
more significant risk of being both stunted and underweight. Frequent
pregnancies drain the mother’s health. Many children reflect possibly
less care from the mothers to the children [27,29,31]. Our analysis
noted significant variation in all the three anthropometric failure
measures. A more significant percentage of male children as compared
to females were suffering from stunting, underweight, and wasting in
2015-16. Though there is no such discrimination that the male child
has to face yet, nature’s phenomenon of male children being more
vulnerable right from the womb and later the environmental stress in
early life could be leading to this [2,28,32]. Children from the highest
wealth quintile were less likely to suffer from such failures. As one
climbs up the socio-economic ladder, there is a remarkable drop in the
rate of these failures observed. Though no homochromous pattern is
there in the prevalence of stunting and underweight in different wealth
quintiles, yet, the results of the regression analysis show that children
from the highest wealth quintile were in a better predicament than
those in the lowest wealth quintile. Similar findings have been well
documented in various studies [28-34].

The study findings suggest a clear spatial pattern of stunting,
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underweight, and wasting across the districts of India. The
anthropometric failure (stunting and underweight) showed significant
clustering in the districts belonging to the states of Uttar Pradesh, Bihar,
Jharkhand, Gujarat, Madhya Pradesh, and Rajasthan. The Moran’s I
statistics suggested strong spatial dependence in variation in levels of
various anthropometric failures among the states among children aged
0-59 months in India, this highlights that geography plays a substantial
role in the levels of stunting and underweight in an area [17-19].
Districts with a higher percentage of underweight women with a BMI
of less than 18.5 kg/m? were significantly more likely to have a higher
prevalence of stunting and underweight among their children, and
findings were consistent with previous studies. This point towards an
intergenerational transfer of poor health from mother to child, studies
suggest that a mother’s social and nutritional environment during early
life is a significant factor of her children’s subsequent health outcomes
(13,20,26].

The districts with a higher incidence of usage of ICDS in the
last 12 months are at higher risk of increased prevalence of stunting
and underweight. This antagonistic relationship is mainly due to
selection bias for the beneficiaries participating in the ICDS program.
Strengthening of anganwadis and balwadis will be helpful as they
are instrumental in taking care of the child, and educating the child
along with providing meals which complement the child’s diet,
thus improving their nutritional status. When spatial weights were
taken into consideration, the spatial regression model could predict
the prevalence of anthropometric failure among children quite
substantially. The spatial models suggested a statistically significant
association of anthropometric failures (stunting and underweight)
with factors such as BMI status of mothers, birth order, caesarean
section births, place of residence, BMI of the mother, and ICDS usage.
These findings are similar to the results of various studies.

The results of spatial analysis have highlighted that there are
variations in the anthropometric failure levels across the country. It
is, therefore, vital to plan the combating of the failure in a manner
that is suitable for the trends and context of each hotspot and cold
spots. The finding that maternal nutrition and maternal education are
significant predictors of anthropometric failure among children below
age 5 indicate an urgent need to strengthen policy efforts and programs
addressing these dimensions of women’s empowerment. Continuous
efforts would help reduce disparity in elevating nutrition problems
in India and would help in achieving sustainable development goals,
particularly those related to the eradication of extreme poverty, hunger,
and child survival. Such efforts are the need of the hour given that we
have one of the worst anthropometric failure levels worldwide.

Recommendations

These findings demonstrate that multiple factors affect
anthropometric failures among children in India. Results on the
potential impact of the ICDS indicate that the current efforts of India’s
nutrition program, POSHAN Abhiyan, in addressing anthropometric
failures can be more productive by enhancing the coverage and efficiency
of the ICDS scheme in the country. However, given the multiple social
determinants of anthropometric failure, efforts are needed to address
those social determinants (wealth, education, etc.) through synergy
between the programs and services being implemented by different
ministries of Government of India. The government should increase
the magnitude of efforts done to combat the anthropometric failure.

Limitations

The study used a number of factors of anthropometric failure

among children in India and estimated the contribution of a number
of biosocial factors. However, this study did not consider a number
of unobserved confounders, including medical factors, which were not
investigated as part of the survey.
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