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Abstract
Objective: The primary purpose of this study is to examine changes in socio-
economic inequality in nutritional status (stunting and underweight) among chil-
dren in Empowered Action Group (EAG) states.
Design: The study is based on themost recent twowave’s cross-sectional data from
the National Family Health Survey (NFHS) conducted in 2005–2006 (NFHS-3) and
2015–2016 (NFHS-4). The study used height-for-age (stunting) and weight-for-age
(underweight) of children as anthropometric indicators.
Setting: EAG states including Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh,
Odisha, Rajasthan, Uttarakhand and Uttar Pradesh in India.
Participants: The study includes a total of 11 858 (NFHS-3) and 92 630 (NFHS-4)
children under 5 years of age.
Result: The socio-economic inequality in stunting remained unchanged in all
EAG states. At the same time, the inequality in underweight decreased during
2005–2016. On decomposing, the factors contributing to socio-economic inequal-
ity revealed that household wealth index, mother’s education and mother’s
nutritional status were the largest contributors to stunting (47 %, 24 % and 8 %)
and underweight (51 %, 21 % and 16 %), respectively, in 2015–2016.
Conclusion: The study concluded the socio-economic inequality in underweight
among children under 5 years of age increased over the years in EAG states in
India. Altogether, household wealth index, mother’s education and mother’s
nutritional status contributed to nearly 80 % to inequality in stunting and 90 % to
inequality in underweight in 2015–2016. Hence, efforts should be made to mini-
mise the socio-economic inequality in the nutritional status of children, particularly
in EAG states in India.
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Childhood undernutrition is a major global public health
concern, particularly low-income and middle-income
countries. The undernutrition crisis includes stunting
(height-for-age), wasting (weight-for-height), underweight
(weight-for-age) and micronutrient deficiencies (e.g. Fe,
vitamin-A, I)(1). Undernutrition poses a serious threat to sur-
vival, health and performance during childhood and adult-
hood(2,3). The recent estimates suggest that stunting
affected 21 % of children under 5 years of age (144million),
while 7 % of children were found to be wasted (47 million),
and 13 % of children were underweight (88 million) across
the globe in 2019(4). The WHO statistics indicate that South
East Asia and Africa have the highest burden of childhood
undernutrition globally. South East Asia is the home of a lit-
tle less than two-fifth of all stunted children (36 %), and half

of all wasted children (53 %) and underweight children
(50 %) in the world. Similarly, Africa also has two-fifth of
stunted children (39 %), a little than a quarter ofwasted chil-
dren (23 %) and one-third underweight children (32 %)(5–7).

Three countries India, Nigeria and Pakistan, in South
East Asia and Africa, have the most children who are
stunted, wasted and underweight in the world. Globally,
India alone had 47 million stunted children and 26 million
wasted children, the highest in the world in 2018(8). The
first-ever Comprehensive National Nutrition Survey
(CNNS) found that 35 % of children under 5 years of age
were stunted, and 17 %were wasted, and 33 %were under-
weight in India in 2016–2018(9). Similarly, the National
Family Health Survey (NFHS-4) reported a 10 % decline
in the prevalence of stunting and a 7 % decline in
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underweight, while the prevalence of wasting remained
stable during 2005–2015. The prevalence of stunting, wast-
ing and underweight reportedly were 38 %, 21 % and
36 %, respectively, in 2015–2016(9). Undernutrition is unac-
ceptably higher in many states, with stark and vast
differences between and within states and by population
groups in India(9–12).

Many previous studies linked socio-economic and
demographic factors with childhood undernutrition. The
factors include age and sex of child, birth weight, birth
order, duration of exclusive breast-feeding, bottle feeding,
age of mother, lower maternal education, undernourished
mothers, household socio-economic status, presence of
toilet facility in the household, poor drinking water quality,
poor sanitary conditions and place of residence(13–22). On
the other hand, the social support, availability and acces-
sibility of food, and socio-economic status determine
the nutritional behavior(23). Hence, there is the existence
of socio-economic inequality in childhood undernutrition,
especially in low- and middle-income countries. However,
the vast majority of previous studies assumed ‘pure
inequality’ that is ranking of children based on their health
status from the most to least undernourished children irre-
spective of income or economic standing(24).

Socio-economic inequality is different from pure
inequality, and in undernutrition is termed as the degree
to which childhood undernutrition rates differ between
more and less socially and advantageous groups(24). Two
studies from Bangladesh and Nigeria reported an increase
in socio-economic inequality in undernutrition among chil-
dren over the years. These studies also reported the moth-
er’s education, household wealth index, residence,
mother’s health-seeking behaviour, sanitation, mother’s
height and fertility were larger contributors to socio-
economic inequality(25,26). Childhood undernutrition was
found to be highly concentrated among children with
mothers with lower education and staying in rural areas
in 35 sub-Saharan African countries(27).

On the other hand, India has the highest burden of
stunting, wasting and underweight in the world is not
far behind in terms of socio-economic inequality in under-
nutrition in the children. A recent study found that a higher
burden of stunted and underweighted children in the least
developed districts in India. It further observed that open
defecation in districts increased inequality to stunting
and wasting, while maternal education and safe drinking
water reduced the inequality(28). Similarly, inequality was
higher in childhood undernutrition among urban children
in India(29). Another study also suggested the dispropor-
tionate concentration of the burden of undernutrition
among poor children(30).

India consists of twenty-eight states and eight union ter-
ritories (UT). However, strikingly, it has a big divide among
Empowered Action Group (EAG) and non-EAG states in
socio-economic and demographic factors. The EAG states
have poorer socio-economic development than non-EAG

states. In 2001, the Ministry of Health and Family
Welfare, Government of India (MoHFW-GOI) identified
eight states, including Bihar, Chhattisgarh, Jharkhand,
Madhya Pradesh, Odisha, Rajasthan, Uttarakhand and
Uttar Pradesh as EAG states. The EAG states are socio-
economically backward states and lag behind in the dem-
ographic and epidemiological transition than non-EAG
states. These eight EAG states are highly populous and
comprise 48 % of the total population of India. The EAG
states are characterised by high fertility, infant and child
mortality, maternal deaths, high population growth rate,
and low literacy rate(31,32). It is noteworthy that half of
the population below the poverty line in India belonged
to EAG states in 2012. The per capita net state domestic
product was significantly lower in EAG states in India(33).

The socio-economic development is poorer in EAG
states, yet there is significant diversity among socio-
economic indicators between EAG states. The state domes-
tic product was the highest in Uttarakhand (Rs. 157 643)
and lowest in Bihar (Rs. 34 409) in 2016–2017. The overall
average life expectancy ranged between 65 years in
Chhattisgarh and Madhya Pradesh and 72 years in
Uttarakhand during 2012–2016(33). The highest estimated
infant mortality rate was in Madhya Pradesh (forty eight),
while it was lowest in Uttarakhand (thirty one) in
2018(34). The maternal mortality ratio varied from 71 in
Jharkhand to 197 in Uttar Pradesh(35). According to the
NFHS-4, one-third of the poorest wealth status households
were from EAG states ranging between 51 % in Bihar and
5 % in Uttarakhand in India in 2015–2016(10).

Notably, the prevalence of stunting, wasting and under-
weight was almost double in EAG states (37–42 %) than
Goa and Jammu and Kashmir from non-EAG states
(16–21 %) in 2016–2018(9). A similar pattern was also pre-
viously observed in the NFHS series, which reported two
times higher prevalence of stunting, wasting and under-
weight in EAG states than non-EAG states(10,36–39).
Moreover, these estimates indicated a more pronounced
decline in stunting, wasting and underweight among
children under 5 years of age in non-EAG states over the
years. On the other hand, the decline in childhood under-
nutrition is more prevalent among non-poor than poor
households in EAG states.

Given the highest burden of childhood undernutrition
and poor socio-economic development in EAG states,
there is a strong need to examine inequality in undernutri-
tion, particularly in EAG states in India. There is also a
strong need for investigating factors contributing to
socio-economic inequality among poor and non-poor in
these states. However, there is not any study to the best
of our knowledge that assessed the extent and contribution
of socio-economic factors to the socio-economic inequality
in undernutrition among children under 5 years of age in
India. Hence, the study aims to examine the changes in
socio-economic inequality in nutritional status among
children in EAG states in India.
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Methods

Study design and population
We used the most recent two rounds of data from the
NFHS conducted in 2005–2006 (NFHS-3) and 2015–2016
(NFHS-4) in India. The NFHS is a large-scale population-
based nationally representative cross-sectional survey. Its
four rounds are conducted to date in the country since
1992–93 (Demographic Health Survey (DHS) are known
as NFHS in India). The NFHS series aims to provide infor-
mation on population, health and nutrition for India and its
states. The usual NFHS sample design is a two-stage prob-
ability sampling design in urban and rural areas. Generally,
the information is collected from reproductive-aged
women (15–49) and men (range varies) using the house-
hold, woman’s andman’s questionnaires, and standardised
field procedures. The household and individual response
rates always remain higher than 90 % in all rounds(10,36–39).

The information on child health was collected from
women aged 15–49 years who were residents of selected
households for the survey. The distinctive feature of the
NFHS is the collection of anthropometric measurements
of height and weight for children aged 0–5 and women
aged 15–49 years. The leading indicators of children’s
nutritional status are based on anthropometric measures
that include height measured in centimetres and weight
measured in kilograms. Usually, NFHS collects the
anthropometric measurements for the most recent
three under-five births in the reference time of the sur-
vey. However, our analysis includes only the youngest
birth from the mother’s birth history because the infor-
mation on few predictors variables included in our
analysis was not collected for the second and third
youngest birth. Hence, our overall analytical sample size
is 11 858 from NFHS-3 (2005–2006) and 92 630 from
NFHS-4 (2015–2016).

Construction of socio-economic status
We required the information either on the household
income or expenditure to examine the socio-economic
inequality in the nutritional status of children in EAG states.
However, NFHS provides data on the household wealth
index instead of household income or expenditure.
Hence, we used the household wealth index as a proxy
indicator of household socio-economic status. This is
highly recommended when direct information is not avail-
able on household income or expenditure, particularly in
low- and middle-income countries(40,41). In NFHS, the
household wealth index is constructed using principal
component analysis(42). The wealth index is typically based
on the information of household assets, type of house,
source of drinking water and presence of toilet facility in
the household. However, the literature suggests the direct
linkages between type of house, source of drinking water,
and the presence of toilet facility and nutritional status.

Hence, we followed the NFHS procedure and generated
a new wealth index, excluding these variables. The
new wealth index was further categorised into five
quintiles: poorest (lowest 20 %), poorer (lower 20 %),
middle, (middle 20 %), richer (higher 20 %) and richest
(highest 20 %)(42).

Outcome variables
We included ‘stunting’ and ‘underweight’ as indicators of
child nutritional status and used them as outcome variables
in the analysis. Using recommended WHO Child Growth
Standards for international use, we analysed anthropomet-
ric data from NFHS on height-for-age (HAZ) (stunting) and
weight-for-age (WAZ) (underweight) to quantify the nutri-
tional status of children in EAG states(43,44). We defined
stunting as height-for-age less than−2 SD below themedian
of the reference population (HAZ<−2 SD). Similarly,
underweight was defined as weight-for-age less than
−2 SD below the reference population’s median
(WAZ<−2 SD). We followed the WHO definition of
biologically implausible values for stunting and under-
weight. Hence, we did not include in the analysis if stunting
as Z-score <−6 SD or >6 SD and underweight as Z-score
<−6 SD or >5 SD(43). The details on anthropometric mea-
surement can be obtained from elsewhere(10,36–39).
Finally, we included ‘stunting’ and ‘underweight’ as
dichotomous variables. Stunting is coded as ‘1’ if
HAZ<−2 SD and ‘0’ else. For underweight, if WAZ<−2
SD, it is coded as ‘1’ and else as ‘0’.

Predictor variables
Based on the UNICEF conceptual framework of the causes
of undernutrition, we selected a fewmothers and children’s
background characteristics and included them as predictor
variables in the analysis(45). The predictor variables consist
of age of child (in months) (0–5, 6–9, 10–12, 13–36 and 37–
59), sex of child (male and female), birth order and interval
(first birth, 2–3 and< 24 months, 2–3 and> 23 months, 4þ
and< 24 months, and 4þ and> 23 months), size of child at
birth (small, average and large), mother’s age at child’s birth
(in years) (< 20, 20–29 and 30–49), mother’s nutritional sta-
tus (underweight, normal, overweight and obese), moth-
er’s education (not educated, primary, secondary and
higher), antenatal care (ANC) (no ANC, full ANC), initiation
of breast-feeding (within 1 h of birth and after 1 h), duration
of any breast-feeding (in months) (0–5, 6–11, 12–17 and
18–59), bottle feeding (no and yes), place of residence
(urban and rural), caste (scheduled caste (SC) and sched-
uled tribe (ST), other backward class (OBC) and other),
religion (Hindu, Muslim and other), wealth index (poorest,
poorer, middle, richer and richest), type of house (kaccha,
semi-pucca and pucca), toilet facility (improved and unim-
proved), fuel used for cooking (smoked and smokeless)
and source of drinking water (improved and unimproved).
The details of the predictor variable are given in S1.
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Statistical analysis
We carried out statistical analysis at two levels. At the first
level, we used a concentration index (CI) to measure the
magnitude of wealth inequality and quantify the extent
of socio-economic inequality in stunting and underweight
among children under 5 years of age in EAG states. The sec-
ond level includes the decomposition of concentration
indices of associated socio-economic factors with stunting
and underweight. We examined inequality using a set of
factors that change systematically. We reported the per-
centage of contribution of each factor. The higher percent-
age value of factors indicates its higher contribution to
socio-economic inequality.

Concentration index
We computed CI to examine the socio-economic inequality
in stunting and underweight in EAG states. The CI is
defined as twice the area between the concentration curve
and line of equality (the 45° line). Suppose, � is themean of
undernutrition in children under 5 years of age (stunting or
underweight), yi is the value of the undernutrition of the ith
child and Ri shows the rank of socio-economic status of the
ith child in the distribution of household socio-economic
status, the CI is given as(46):

C ¼ 2
n:�

X
n
i¼ 1

yiRi � 1 (1)

The CI is the mean-adjusted covariance of undernutri-
tion (stunting and underweight) and socio-economic
rank. The CI takes any value from −1 to þ1. If CI is zero,
it indicates perfect equality in undernutrition; if it is neg-
ative, it indicates inequality concentrated among the rela-
tively poor. The positive value of CI shows that the
concentration of undernutrition is higher among the rela-
tively rich. In the present study, we calculated the concen-
tration curve by plotting the cumulative percentage of
undernutrition on the y-axis against the cumulative per-
centage of the children ranked by household wealth,
beginning with the poorest quintile and ending with the
richest quintile on the x-axis.

Decomposition of concentration index
We decomposed the concentration index into the contribu-
tion of predictor variables to socio-economic inequality in
children’s nutritional status. Here, the contribution is the
product of the sensitivity of stunting and underweight with
respect to that factor and the degree of inequality in that
factor. If the vector ‘x’ refers to those variable influencing
‘y,’ and we assume that stunting and underweight can be
described by linear regression of the form(47,48):

y ¼ �þ �kiXki þ "i (2)

Then, CI can be written as:

CI ¼
X
k

�kxk
�h

� �
CIk þ

GCIg
�h

(3)

where the index k refers to the regressors in the
equation,CIk is the concentration index for each of the indi-
vidual regressors, �k is the coefficient for each child under-
nutrition determinant and xk is the mean value of each
individual regressor. GCIg is the generalised concentration
index for the residual from the regression ("i).

Results

Figures 1 and 2 show the trends and prevalence of stunting
and underweight declined among all EAG states during
2005–2016. On average, two-fifth of children were either
stunted or underweight in all EAG states in 2015–2016.
The prevalence of stunting ranged between 34 % in
Uttarakhand and Odisha and 48 % in Bihar in 2015–2016.
The lowest and highest prevalence of underweight was
27 % in Uttarakhand and 48 % in Jharkhand, respectively.
Strikingly, the prevalence of stunting and underweight
had been lowest in Uttarakhand among all EAG states over
the years. Chhattisgarh reported the highest decline in
stunting, while it was lowest in Jharkhand in 2005–2016.
Similarly, Madhya Pradesh and Uttar Pradesh had the high-
est and lowest decline in the prevalence of underweight in
the same period.

Table 1 shows the prevalence and trends of stunting and
underweight among children under 5 years of age by
household wealth index in EAG states during 2005–2016.
Over the years, the overall prevalence of stunting and
underweight decreased among poor and non-poor in
EAG states. The poorest households had a little more than
two times stunted and underweight children than the rich-
est households between 2005–2006 and 2015–2016. The
wealth intra-quintile analysis also showed that stunting
and underweight decreased within each household wealth
quintile.

Table 2 presents the CI of stunting and underweight dif-
fer significantly and have negative values across all EAG
states during 2005–2016. The negative values of CI imply
a higher concentration of stunting and underweight among
children in poor households in all EAG states. The overall
CI of stunting did not change much, indicating the inequal-
ity remained unchanged during 2005–2016 (−0·127 in
2005–2006 and −0·125 in 2015–2016). However, the over-
all CI of underweight was higher in 2015–2016 than in
2005–2006, suggesting a decrease in inequality in under-
weight in this period (−0·161 in 2005–2006 and −0·143 in
2015–2016). The comparison of inequality in stunting
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and underweight between EAG states suggests the extent
of inequality varied and decreased across all states other
than Chhattisgarh. It signifies the stunting and underweight
had been highly concentrating among children in the poor
household over the years. Uttarakhand reported the high-
est decline in inequality in both indicators, where the
inequality in stunting decreased by 0·123 from −0·243 in
2005–2006 to −0·120 in 2015–2016. Uttarakhand also had
the highest decrease in underweight inequality (0·089)
from −0·235 in 2005–2006 to −0·146 in 2015–2016. The

inequality in stunting was the lowest in Madhya Pradesh
(−0·096), and that of underweight was in Bihar (−0·108)
in 2015–2016. At the same time, Odisha reported the high-
est inequality in both indicators (−0·180 (stunting) and
−0·189 (underweight)).

The multivariable binary logistic regression analysis
indicates a statistically significant association between
children’s nutritional status and household wealth index
during 2005–2016 (Table 3). Children who belonged to
households in the higher wealth quintile had a lower risk

Fig. 1 (colour online) Prevalence of stunting among children under 5 years of age, EAG states, 2005–2006 and 2015–2016. EAG,
Empowered Action Group

Fig. 2 (colour online) Prevalence of underweight among children under 5 years of age, EAG states, 2005–2006 and 2015–2016.
EAG, Empowered Action Group

Table 1 Prevalence of stunting and underweight among children under 5 years of age by wealth index, EAG states, 2005–2006 and
2015–2016

Poorest Poorer Middle Richer Richest Total Number

Stunting (HAZ)
Year 2005–2006 57·29 52·05 50·17 40·74 25·59 49·14 11 858
Year 2015–2016 49·72 43·91 36·93 31·34 24·19 41·09 92 630

Underweight (WAZ)
Year 2005–2006 59·53 51·41 44·39 36·8 22·14 47·75 11 858
Year 2015–2016 48·94 41·39 33·7 29·12 22·61 39·22 92 630

EAG, Empowered Action Group; HAZ, height-for-age Z-score; WAZ, weight-for-age Z-score.
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of either being stunted or underweight than children who
belonged to the lowest wealth quintile. The children who
belonged to the richest wealth quintile were 0·555 (95 % CI
0·503, 0·612) times less likely to be stunted than children
who belonged to the poorest wealth quintile in 2015–
2016. Further, the likelihood of being underweight was
0·520 times (95 % CI 0·471, 0·573) lower among children
who belonged to the richest wealth quintile compared to
the poorest wealth quintile in the same period.

Tables 4 and 5 show the CI and elasticity of each socio-
economic variable included in the analysis. The tables also
show the contribution of each variable to socio-economic
inequality in stunting and underweight in terms of ‘contri-
bution to C’ (in the same unit as CI) and ‘% contribution’
(adjusted percentage contribution to inequality) during
2005–2016. The highest contribution to inequality in stunt-
ing came from the householdwealth index, followed by the
mother’s education and nutritional status. The total contri-
bution of these three factors was 80 % to inequality in stunt-
ing and 90 % to inequality in underweight in 2015–2016.
The inequality in household wealth status contributed to
47 % of stunting CI and 51 % underweight CI. While the
mother’s education contributed to 24 % and 21 %, respec-
tively. The mother’s nutritional status contributed to 8 %
of the inequality in stunting and 16 % of underweight in
2015–2016

The trends suggest the actual contribution of household
wealth index recorded a decline by 9 % to inequality in
underweight. The actual contribution of mother’s educa-
tion increased by 1–2 % to inequality in stunting and under-
weight. The actual contribution of the mother’s nutritional
status to inequality in stunting increased by 3 % and in
underweight by 4 % during 2005–2016.

Discussion

To the best of our knowledge, perhaps, our study is the
first that examined changes in socio-economic inequality
in the nutritional status of children in recent years, particu-
larly in EAG states in India. We analysed large-scale

population-based cross-sectional, nationally representative
NFHS series data. Our analysis indicated the decline in the
prevalence of stunting and underweight did not result in
the decline in socio-economic inequality in both indicators.
Notably, the overall inequality in stunting remained
unchanged, while the underweight inequality decreased
over the years in EAG states. Our analysis also indicated
that socio-economic inequality differed by state. The high-
est inequality in stunting and underweight was reported in
Odisha, respectively. Similarly, Uttarakhand had the high-
est decrease in inequality in both indicators during
2005–2016.

We found household wealth index and mother’s educa-
tion were the largest contributors to socio-economic
inequality in stunting and underweight among children in
EAG states. Both together contributed nearly three-fourth
of inequality in children’s nutritional status. It is a critical find-
ing of our study and consistent with many studies from dif-
ferent settings. A recent study reported that the total
contribution of wealth index and mother’s education was
nearly half to the inequality in stunting in Bangladesh(25).
Similar findings have also been documented in Nigeria,
where the household wealth index and educational status
of mothers were the largest contributors to socio-economic
inequality in stunting and underweight in children(26).

While the rich households keep a good amount of
expenditure on nutritional foods, the poor have limited
food options due to insufficient household income.
Socio-economic status also affects food choice behaviour
and health behaviour. Thereby health and nutritional status
vary by socio-economic subgroups among the population.
Similarly, there are various pathways through which a
mother’s education determines the child’s nutritional sta-
tus. One of the pathways includes a mother’s knowledge
about health and nutrition and adherence to recommended
child feeding practices. Further, the higher level of educa-
tion improvesmaternal socio-economic status leading to an
increase in the mother’s command over the utilisation of
resources(49).

Our decomposition analysis revealed that the mother’s
nutritional status was also a significant contributor to

Table 2 Concentration indices of stunting and underweight among children under 5 years of age, EAG states, 2005–2006 and 2015–2016

States

Stunting (CI) Underweight (CI)

2005–2006 2015–2016 Change 2005–2006 2015–2016 Change

Bihar −0·106 −0·108 −0·003 −0·122 −0·108 0·015
Chhattisgarh −0·089 −0·106 −0·018 −0·128 −0·139 −0·011
Jharkhand −0·115 −0·107 0·008 −0·132 −0·114 0·018
Madhya Pradesh −0·101 −0·096 0·005 −0·123 −0·123 0·001
Odisha −0·21 −0·18 0·03 −0·216 −0·189 0·027
Rajasthan −0·129 −0·114 0·015 −0·157 −0·153 0·005
Uttar Pradesh −0·117 −0·137 −0·02 −0·174 −0·135 0·039
Uttarakhand −0·243 −0·12 0·123 −0·235 −0·146 0·089
Overall −0·127 −0·125 0·002 −0·161 −0·143 0·018

EAG, Empowered Action Group.
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Table 3 Factors affecting stunting and underweight among children under 5 years of age, EAG states, 2005–2006 and 2015–2026

Stunting Underweight

2005–2006 (NFHS-3) 2015–2016 (NFHS-4) 2005–2006 (NFHS-3) 2015–2006 (NFHS-4)

n 3432 n 75 862 n 3432 n 75 862

Background characteristics Adjusted OR CI Adjusted OR CI Adjusted OR CI Adjusted OR CI

Age of child (in months)
0–5® 1 1 1 1
6–9 1·695 0·355, 8·088 1·109** 1·031, 1·194 0·691 0·180, 2·660 1·078* 1·007, 1·154
10–12 2·201 0·506, 9·580 1·621*** 1·498, 1·754 0·963 0·272, 3·418 1·315*** 1·219, 1·418
13–36 3·82 0·993, 14·69 3·348*** 3·167, 3·540 0·734 0·237, 2·272 1·793*** 1·702, 1·890
37–59 2·865 0·740, 11·09 3·020*** 2·842, 3·209 0·794 0·255, 2·476 1·831*** 1·728, 1·940

Sex of child
Male® 1 1 1 1
Female 1·184* 1·026, 1·365 0·894*** 0·867, 0·922 1·132 0·981, 1·306 0·915*** 0·887, 0·943

Birth order and interval
First order and months® 1 1 1 1
2–3 and< 24months 1·379* 1·053, 1·808 1·228*** 1·165, 1·294 1·199 0·914, 1·572 1·185*** 1·125, 1·249
2–3 and> 23months 1·06 0·848, 1·324 1·018 0·977, 1·061 0·924 0·738, 1·157 0·992 0·952, 1·034
4þ and< 24months 1·504* 1·091, 2·072 1·396*** 1·292, 1·508 0·997 0·725, 1·372 1·310*** 1·213, 1·414
4þ and> 23months 1·216 0·932, 1·588 1·152*** 1·088, 1·220 1·1 0·842, 1·438 1·066* 1·007, 1·129

Size of child at birth
Small® 1 1 1 1
Average 0·793* 0·658, 0·956 0·710*** 0·679, 0·744 0·753** 0·625, 0·907 0·654*** 0·625, 0·684
Large 0·698** 0·552, 0·882 0·667*** 0·629, 0·706 0·635*** 0·502, 0·804 0·606*** 0·572, 0·642

Age of mother at child’s birth (in years)
< 20® 1 1 1 1
20–29 0·708 0·392, 1·281 0·953 0·859, 1·058 0·93 0·523, 1·654 1·021 0·923, 1·130
30–49 0·66 0·355, 1·228 0·911 0·815, 1·018 0·811 0·443, 1·485 1·021 0·916, 1·139

Mother’s nutritional status
Underweight® 1 1 1 1
Normal 0·958 0·819, 1·122 0·853*** 0·824, 0·883 0·690*** 0·590, 0·807 0·660*** 0·638, 0·683
Overweight and obese 0·747* 0·564, 0·988 0·672*** 0·634, 0·714 0·422*** 0·315, 0·568 0·428*** 0·403, 0·455

Mother’s education
Not educated® 1 1 1 1
Primary 0·786* 0·629, 0·982 0·892*** 0·852, 0·935 0·721** 0·576, 0·904 0·905*** 0·864, 0·948
Secondary 0·773* 0·628, 0·951 0·742*** 0·712, 0·773 0·717** 0·581, 0·885 0·772*** 0·742, 0·804
Higher 0·470*** 0·328, 0·674 0·577*** 0·536, 0·622 0·482*** 0·334, 0·695 0·602*** 0·558, 0·649

Health care variable
Antenatal care
No ANC® 1 1 1 1
Full ANC 0·784 0·588, 1·046 0·899*** 0·851, 0·948 0·852 0·636, 1·142 0·920** 0·872, 0·971

Child feeding variables
Initiation of breast-feeding
Within 1 h of birth® 1 1 1 1
After 1 h 1·125 0·926, 1·366 1·053** 1·020, 1·087 0·991 0·815, 1·205 1·019 0·987, 1·052
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Table 3 Continued

Stunting Underweight

2005–2006 (NFHS-3) 2015–2016 (NFHS-4) 2005–2006 (NFHS-3) 2015–2006 (NFHS-4)

n 3432 n 75 862 n 3432 n 75 862

Background characteristics Adjusted OR CI Adjusted OR CI Adjusted OR CI Adjusted OR CI

Duration of any breast-feeding (in months)
0–5® 1 1 1 1
6–11 1·067 0·801, 1·421 0·995 0·916, 1·081 1·005 0·752, 1·343 1·056 0·970, 1·149
12–17 1·169 0·858, 1·592 1·01 0·919, 1·109 1·111 0·813, 1·517 1·091 0·991, 1·201
18–59 1·152 0·871, 1·524 1·130*** 1·057, 1·209 0·982 0·740, 1·302 1·192*** 1·113, 1·277

Bottle feeding
No® 1 1 1 1
Yes 1·005 0·771, 1·310 0·988 0·943, 1·034 0·804 0·612, 1·058 0·957 0·913, 1·002

Socio-economic variables
Place of residence
Urban® 1 1 1 1
Rural 0·749** 0·606, 0·927 0·931** 0·888, 0·976 0·86 0·696, 1·063 0·858*** 0·818, 0·899

Caste
SC and ST® 1 1 1 1
OBC 0·925 0·770, 1·110 0·921*** 0·890, 0·955 0·914 0·761, 1·098 0·891*** 0·861, 0·923
Other 0·767* 0·615, 0·957 0·761*** 0·722, 0·801 0·753* 0·603, 0·941 0·711*** 0·675, 0·750

Religion
Hindu® 1 1 1 1
Muslim 1·175 0·954, 1·447 1·166*** 1·111, 1·224 1·332** 1·081, 1·641 1·087*** 1·035, 1·141
Other 1·185 0·748, 1·878 0·725*** 0·632, 0·831 1·461 0·924, 2·312 0·862* 0·754, 0·985

Wealth index
Poorest® 1 1 1 1
Poorer 0·811 0·638, 1·031 0·894*** 0·855, 0·933 0·674** 0·530, 0·856 0·829*** 0·794, 0·866
Middle 0·948 0·716, 1·254 0·765*** 0·721, 0·812 0·667** 0·504, 0·882 0·683*** 0·644, 0·725
Richer 0·888 0·618, 1·277 0·645*** 0·596, 0·699 0·635* 0·441, 0·915 0·595*** 0·549, 0·644
Richest 0·477** 0·299, 0·762 0·555*** 0·503, 0·612 0·388*** 0·242, 0·620 0·520*** 0·471, 0·573

Household environment variable
Type of house
Kaccha® 1 1 1 1
Semi-pucca 0·906 0·715, 1·149 0·991 0·939, 1·047 0·959 0·757, 1·215 1·115*** 1·056, 1·176
Pucca 0·807 0·583, 1·116 0·885*** 0·827, 0·946 1·008 0·728, 1·395 1·033 0·966, 1·104

Toilet facility
Improved® 1 1 1 1, 1 1
Unimproved 1·064 0·829, 1·366 1·052* 1·005, 1·100 0·948 0·738, 1·219 1·051* 1·004, 1·099

Fuel used for cooking
Smoked® 1 1 1 1
Smokeless 0·954 0·730, 1·246 1·041 0·986, 1·100 1·177 0·899, 1·542 1·045 0·989, 1·104

Source of drinking water
Improved® 1 1 1 1
Unimproved 0·865 0·690, 1·083 0·858*** 0·813, 0·905 1·021 0·814, 1·280 0·977 0·926, 1·030

EAG, Empowered Action Group; NFHS, National Family Health Survey; ANC, antenatal care; SC, scheduled caste; ST, scheduled tribe, OBC, other backward class.
Exponentiated coefficients; 95% CI in brackets.
®Reference.
*P< 0·05.
**P< 0·01.
***P< 0·001.
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Table 4 Contributions of background characteristics to inequalities in stunting among children under 5 years of age, EAG states, 2005–2006
and 2015–2016

Background characteristics

Elasticities Concentration index Contribution to C % Contribution

2005 2015 2005 2015 2005 2015 2005 2015

Age of child (in months)
0–5
6–9 0·013 0·00 0·007 −0·024 0·000 0·000 0 0
10–12 0·012 0·01 0·031 −0·005 0·000 0·000 −1 0
13–36 0·176 0·13 −0·022 −0·011 −0·004 −0·001 9 3
37–59 0·076 0·07 0·044 0·034 0·003 0·002 −7 −5

Subtotal 0 −2
Sex of child
Male
Female 0·018 −0·01 −0·014 −0·013 0·000 0·000 1 0

Birth order and interval
First
2–3 and< 24months 0·006 0·01 0·153 0·017 0·001 0·000 −2 0
2–3 and> 23months 0·002 0·00 0·066 0·047 0·000 0·000 0 0
4þ and< 24months 0·005 0·00 −0·136 −0·263 −0·001 −0·001 1 2
4þ and> 23months 0·006 0·01 −0·189 −0·267 −0·001 −0·002 2 3

Subtotal 2 5
Size of child at birth
Small
Average −0·017 −0·06 0·009 0·012 0·000 −0·001 0 1
Large −0·007 −0·01 0·021 −0·009 0·000 0·000 0 0

Subtotal 1 1
Age of mother at child’s
birth (in years)
< 20
20–29 −0·032 −0·01 0·052 0·045 −0·002 0·000 4 0
30–49 −0·021 0·00 −0·090 −0·087 0·002 0·000 −4 −1

*Subtotal −1 0
Mother’s nutritional status
Underweight
Normal −0·010 −0·02 0·038 0·003 0·000 0·000 1 0
Overweight and obese −0·003 −0·01 0·577 0·391 −0·002 −0·004 4 8

Subtotal 5 8
Mother’s education
Not educated
Primary −0·005 0·00 0·088 −0·066 0·000 0·000 1 −1
Secondary −0·012 −0·03 0·435 0·232 −0·005 −0·006 12 12
Higher −0·005 −0·01 0·847 0·663 −0·004 −0·006 10 13

Subtotal 22 24
Health care variable
Antenatal care
No ANC
Full ANC −0·004 0·00 0·575 0·364 −0·002 −0·001 4 2

Child feeding variables
Initiation of breast-feeding
Within 1 h of birth
After 1 h 0·052 0·01 −0·015 0·016 −0·001 0·000 2 0

Duration of any breast-
feeding (in months)
0–5
6–11 −0·008 0·00 0·058 0·159 0·000 0·000 1 0
12–17 −0·002 0·00 0·014 0·169 0·000 0·000 0 0
18–59 −0·005 0·03 −0·046 −0·032 0·000 −0·001 0 2

Subtotal 1 2
Bottle feeding
No
Yes −0·001 0·00 0·371 0·210 0·000 0·000 1 0

Socio-economic variables
Place of residence
Urban
Rural −0·066 −0·02 −0·129 −0·133 0·008 0·002 −18 −4

Caste
SC and ST
OBC −0·015 −0·01 0·027 0·039 0·000 0·000 1 1
Other −0·016 −0·01 0·336 0·356 −0·005 −0·003 12 7
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inequality to stunting and underweight among children.
Strikingly, the contribution of a mother’s nutritional status
to inequality in stunting and underweight increased over
the years. The mother’s nutritional status was responsible
for a little less than one-tenth inequality in stunting and
two-tenth inequality in underweight in 2015–2016. Many
previous studies reported a strong association between
themother’s nutritional status and the child’s nutritional sta-
tus. Underweight mothers tend to have either underweight
or stunted children(50,51). Literature suggests that under-
weight mothers are most likely to deliver low birth weight
births, leading to undernutrition in children(52–54). We
found that children from overweight and obese mothers
were concentrated among non-poor households. Since
the higher proportion of overweight and obese mothers
belonged to better socio-economic conditions, their chil-
dren were more likely to have adequate nutritional food
and essential primary health care services, contributing
to better nutrition(55). Hence, it confirmed the contribution
of the mother’s nutritional status to inequality in stunting
and underweight among children.

India is committed to Sustainable Development Goals
(SDG), and the second SDG seeks sustainable solutions
to end hunger in all its forms by 2030 and achieve food

security(56). Hence, India also set a national target of bring-
ing down the prevalence of stunting and underweight up to
2·5 % and 0·9 %, respectively, by 2030(57). To SDG imple-
mentation, the Prime Minister of India launched the
Prime Minister’s Overarching Scheme for Holistic
Nutrition (POSHAN) Abhiyaan (National Nutrition
Mission (NNM)) in 2018. It is a multi-ministerial conver-
gence programme with the vision to ensure the attainment
of malnutrition-free India by 2022. The POSHAN Abhiyaan
has a target of reducing stunting, undernutrition, anaemia
(among young children, women and adolescent girls),
and low birth weight by 2 %, 2 %, 3 % and 2 % per annum,
respectively. It aims to ensure holistic development and
adequate nutrition for pregnant women, mothers and chil-
dren(57,58). However, India State-Level Disease Burden
Initiative Malnutrition Collaborators reported that the
annualised percentage decline in the prevalence of stunt-
ing and underweight in children is sluggish among low
Socio-Demographic Index (SDI) state group (EAG states)
compared to the high Socio-Demographic Index state
group in India in 2017. The study further added that most
of these states require significantly higher rates of reduction
for all forms of undernutrition to meet NNM 2022 and SDG
2030 targets(12).

Table 4 Continued

Background characteristics

Elasticities Concentration index Contribution to C % Contribution

2005 2015 2005 2015 2005 2015 2005 2015

Subtotal 13 8
Religion
Hindu
Muslim 0·008 0·00 0·075 0·096 0·001 0·000 −1 −1
Other 0·001 0·00 −0·058 0·162 0·000 0·000 0 0

Subtotal −1 −1
Wealth index
Poorest
Poorer −0·013 −0·01 −0·080 −0·027 0·001 0·000 −2 0
Middle −0·003 −0·01 0·345 0·370 −0·001 −0·004 2 7
Richer −0·007 −0·01 0·658 0·660 −0·004 −0·008 10 16
Richest −0·020 −0·01 0·898 0·893 −0·018 −0·012 40 23

Subtotal 49 47
Household environment
variable

Type of house
Kaccha
Semi-pucca −0·015 0·00 −0·115 −0·232 0·002 −0·001 −4 1
Pucca −0·014 −0·01 0·661 0·530 −0·009 −0·004 21 8

Subtotal 17 9
Toilet facility
Improved
Unimproved 0·013 0·01 −0·200 −0·313 −0·003 −0·002 5 4

Fuel used for cooking
Smoked
Smokeless −0·002 0·00 0·831 0·667 −0·002 0·001 4 −3

Source of drinking water
Improved
Unimproved −0·009 0·00 −0·273 −0·105 0·003 0·000 −6 −1

Total (n) −0·046 −0·049

EAG, Empowered Action Group; SC, scheduled caste; ST, scheduled tribe, OBC, other backward class.
*Subtotal of % contribution is shown for the background characteristics which had at least three subcategories.
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Table 5 Contributions of background characteristics to inequalities in underweight among children under 5 years of age, EAG states, 2005–
2006 and 2015–2016

Background
characteristics

Elasticities Concentration index Contribution to C % Contribution

2005–2006 2015–2016 2005–2006 2015–2016 2005–2006 2015–2016 2005–2006 2015–2016

Age of child (in months)
0–5
6–9 −0·014 0·002 0·007 −0·024 0·000 0·000 0 0
10–12 −0·005 0·004 0·031 −0·005 0·000 0·000 0 0
13–36 −0·055 0·061 −0·022 −0·011 0·001 −0·001 −2 1
37–59 −0·023 0·036 0·044 0·034 −0·001 0·001 2 −2

Subtotal 0 −1
Sex of child
Male
Female 0·012 −0·007 −0·014 −0·013 0·000 0·000 0 0

Birth order and interval
First
2–3 and< 24months 0·002 0·005 0·153 0·017 0·000 0·000 −1 0
2–3 and> 23months 0·001 −0·002 0·066 0·047 0·000 0·000 0 0
4þ and< 24months −0·002 0·003 −0·136 −0·263 0·000 −0·001 0 2
4þ and> 23months 0·002 0·003 −0·189 −0·267 0·000 −0·001 1 2

Subtotal −1 3
Size of child at birth
Small
Average −0·024 −0·074 0·009 0·012 0·000 −0·001 0 2
Large −0·010 −0·018 0·021 −0·009 0·000 0·000 0 0

Subtotal 1 1
Age of mother at child’s
birth (in years)
< 20
20–29 −0·034 0·010 0·052 0·045 −0·002 0·000 3 −1
30–49 −0·023 0·005 −0·090 −0·087 0·002 0·000 −4 1

*Subtotal −1 0
Mother’s nutritional status
Underweight
Normal −0·049 −0·059 0·038 0·003 −0·002 0·000 3 0
Overweight and obese −0·009 −0·020 0·577 0·391 −0·005 −0·008 9 15

Subtotal 12 16
Mother’s education
Not educated
Primary −0·007 −0·004 0·088 −0·066 −0·001 0·000 1 −1
Secondary −0·017 −0·023 0·435 0·232 −0·007 −0·005 13 10
Higher −0·004 −0·009 0·847 0·663 −0·004 −0·006 6 11

Subtotal 20 21
Health care variable
Antenatal care
No ANC
Full ANC −0·003 −0·001 0·575 0·364 −0·001 −0·001 3 1

Child feeding variables
Initiation of breast-feeding
Within 1 h of birth
After 1 h 0·014 0·004 −0·015 0·016 0·000 0·000 0 0

Duration of any breast-
feeding (in months)
0–5
6–11 −0·006 0·001 0·058 0·159 0·000 0·000 1 0
12–17 0·000 0·001 0·014 0·169 0·000 0·000 0 0
18–59 −0·013 0·034 −0·046 −0·032 0·001 −0·001 −1 2

Subtotal 0 2
Bottle feeding
No
Yes −0·004 0·000 0·371 0·210 −0·002 0·000 3 0

Socio-economic variables
Place of residence
Urban
Rural −0·035 −0·030 −0·129 −0·133 0·005 0·004 −8 −8

Caste
SC and ST
OBC −0·015 −0·014 0·027 0·039 0·000 −0·001 1 1
Other −0·022 −0·011 0·336 0·356 −0·007 −0·004 13 8
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Our findings have important policy implications.
According to the National Institution for Transforming
India (NITI) Aayog report, EAG states are far behind
achieving the second SDG target. All EAG states had the
lowest Goal 2 Index scores and ranked below among all
twenty-eight states and eight UTs in 2019–20(57). Hence,
our findings suggest that the POSHAN Abhiyan should
adopt an equity approach to reducing undernutrition in
EAG states. Else it will be challenging for India to meet
its SDG targets because the poorest households in EAG
states have amajor contribution to the total burden of child-
hood undernutrition in the country. Efforts should also be
made to minimise the socio-economic inequality in under-
nutrition between poor and non-poor. The POSHAN
Abhiyaan must ensure nutrition and food security for peo-
ple at the grassroots level, particularly poor households in
EAG states. Also, POSHAN should not be limited to women
and children, but it should encompass all citizens. The
Abhiyaanmust include activities to promote key nutritional
behaviour practices at the household levels like exclusive
breast-feeding, timely complementary feeding for children
and a diversified diet for each household member, espe-
cially pregnant women, adolescents and children.

Our study also has limitations. First, we did not have a
direct indicator of household income or expenditure to
examine the socio-economic inequality in children’s

nutritional status. Hence, we used the household wealth
index as a proxy indicator for household socio-economic
status in line with many previous studies examining the
socio-economic inequality in child health(24–26,28,30–
32,41,42,47,48,59). Second, we decomposed the inequality
based on concentration curves and concentration indices
proposed by Wagstaff et al (2003), a widely used method
to measure health inequality(24–26,28,31,32,59). However,
Nesson and Robinson (2019) briefly listed methodological
issues with the concentration index(60). Third, we analysed
cross-sectional data, hence could not establish a causal
relationship between socio-economic and demographic
variables and childhood stunting and underweight.
Fourth, our decomposition analysis did not explain the
inequality in stunting and underweight completely because
it did not includemany of those other factors that contribute
to child malnutrition, for example, diarrhoeal illness, poor
complementary feeding among children aged 6–23months.
Hence, results should be interpreted cautiously.

Conclusion

Our study concludes the socio-economic inequality in
nutritional status among children under 5 years of age have
gone through changes during 2005–2016 in EAG states in

Table 5 Continued

Background
characteristics

Elasticities Concentration index Contribution to C % Contribution

2005–2006 2015–2016 2005–2006 2015–2016 2005–2006 2015–2016 2005–2006 2015–2016

Subtotal 14 9
Religion
Hindu
Muslim 0·012 0·003 0·075 0·096 0·001 0·000 −2 −1
Other 0·001 0·000 −0·058 0·162 0·000 0·000 0 0

Subtotal −1 0
Wealth index
Poorest
Poorer −0·024 −0·010 −0·080 −0·027 0·002 0·000 −3 −1
Middle −0·015 −0·014 0·345 0·370 −0·005 −0·005 9 10
Richer −0·017 −0·014 0·658 0·660 −0·011 −0·009 20 18
Richest −0·024 −0·014 0·898 0·893 −0·022 −0·012 39 24

Subtotal 65 51
Household environment
variable

Type of house
Kaccha
Semi-pucca −0·005 0·012 −0·115 −0·232 0·001 −0·003 −1 5
Pucca 0·002 0·002 0·661 0·530 0·001 0·001 −2 −2

Subtotal −3 4
Toilet facility
Improved
Unimproved 0·006 0·007 −0·200 −0·313 −0·001 −0·002 2 4

Fuel used for cooking
Smoked
Smokeless 0·003 0·002 0·831 0·667 0·002 0·001 −4 −2

Source of drinking water
Improved
Unimproved −0·002 0·000 −0·273 −0·105 0·001 0·000 −1 0

Total (n) −0·056 −0·051

EAG, Empowered Action Group; ANC, antenatal care; SC, scheduled caste; ST, scheduled tribe, OBC, other backward class.
*Subtotal of % contribution is shown for the background characteristics which had at least three subcategories.
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India. The stunting and underweight are concentrated
mainly among children from poor households. The
inequality in stunting did not change much, while the
inequality in underweight increased over the years. The
state-wise differences in inequality can also be noticed.
Madhya Pradesh and Bihar had the highest inequality in
stunting and underweight, respectively, in 2015–2016.
The decomposition analysis indicates that household
wealth index, mother’s education and mother’s nutritional
status determine about 80 % of the inequality in stunting
and underweight among children in EAG states in India.
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