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Abstract
Background  The health of India’s children has improved over the past thirty years. Rates of morbidity and 
anthropometric failure have decreased. What remains unknown, however, is how those patterns have changed when 
examined by socioeconomic status. We examine changes in 11 indicators of child health by household wealth and 
maternal education between 1993 and 2021 to fill this critical gap in knowledge. Doing so could lead to policies that 
better target the most vulnerable children.

Methods  We used data from five rounds of India’s National Family Health Survey conducted in 1993, 1999, 2006, 
2016, and 2021 for this repeated cross-sectional analysis. We studied mother-reported cases of acute respiratory illness 
and diarrhea, hemoglobin measurements for anemia, and height and weight measurements for anthropometric 
failure. We examined how the prevalence rates of each outcome changed between 1993 and 2021 by household 
wealth and maternal education. We repeated this analysis for urban and rural communities. 

Results  The socioeconomic gradient in 11 indicators of child health flattened between 1993 and 2021. This was in 
large part due to large reductions in the prevalence among children in the lowest socioeconomic groups. For most 
outcomes, the largest reductions occurred before 2016. Yet as of 2021, except for mild anemia, outcome prevalence 
remained the highest among children in the lowest socioeconomic groups. Furthermore, we show that increases in 
the prevalence of stunting and wasting between 2016 and 2021 are largely driven by increases in the severe forms of 
these outcomes among children in the highest socioeconomic groups. This finding underscores the importance of 
examining child health outcomes by severity.

Conclusions  Despite substantial reductions in the socioeconomic gradient in 11 indicators of child health between 
1993 and 2021, outcome prevalence remained the highest among children in the lowest socioeconomic groups in 
most cases. Thus, our findings emphasize the need for a continued focus on India’s most vulnerable children.

Keywords  India, Child health, Child diarrhea, Anthropometric failure, National Family Health Survey, Socioeconomic 
status

Socioeconomic inequality in child health 
outcomes in India: analyzing trends between 
1993 and 2021
Anoop Jain1 , Rockli Kim2* , Soumya Swaminathan3 and SV Subramanian4,5*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://orcid.org/0000-0002-2195-4319
https://orcid.org/0000-0002-9864-3957
https://orcid.org/0000-0003-2365-4165
http://crossmark.crossref.org/dialog/?doi=10.1186/s12939-024-02218-z&domain=pdf&date_stamp=2024-7-27


Page 2 of 11Jain et al. International Journal for Equity in Health          (2024) 23:149 

Introduction
Indicators of child health have improved throughout 
India over the past three decades. For example, the bur-
den of child malnutrition – as measured by anthropo-
metric failure and anemia – fell between 1990 and 2017 
[1]. The burden of infectious diseases among children has 
also fallen throughout India over the past few decades. In 
fact, the number of under-five deaths attributable to diar-
rhea fell by 86% between 1980 and 2015, a clear indica-
tion that diarrhea is being better prevented and treated 
[2]. 

What remains unknown, however, is the extent to 
which child health outcomes have changed when exam-
ined through the prism of socioeconomic status (SES). 
A household’s SES is an important predictor of child 
health [3]. Two of the most commonly used indicators of 
SES when examining child health are household wealth 
and maternal education [4]. Children in India’s poorest 
households often live without adequate sanitation, [5] 
experience severe food insecurity and have poorer nutri-
tional outcomes, [6–8] have access to lower quality health 
care facilities, [9] are less likely to receive care for severe 
diarrhea, [10] and are less likely to be fully immunized. 
[11–13] Maternal education is also associated with child 
health outcomes through a number of pathways. [14–16] 
The children of mothers who have no formal education 
are less likely to be vaccinated, [17] are more likely to 
experience growth faltering and malnutrition, [18, 19] are 
less likely to have been breastfed, [20] and are at a greater 
risk of mortality. [21]

Some previous studies have examined socioeconomic 
inequalities in child health throughout India. However, 
some of these studies are cross-sectional. For example, 
Porwal et al. use data from 2016 to 2018 to show persis-
tent rich-poor gaps in child anthropometry throughout 
India. Other studies show socioeconomic trends over 
time, but only focus on a narrow set of child growth out-
comes and do not use the most recent data. [22] Other 
studies show that disparities in child malnutrition either 
widened or stayed the same by household wealth and 
maternal education between 1993 and 2016. [22–27] 
Nguyen et al. showed that reductions in child anemia 
between 2006 and 2016 were largely driven by improve-
ments in household wealth and maternal education. [28] 
In terms of child diarrhea and acute respiratory illness, 
much of the research examining trends over time con-
sider these two outcomes as causes of death. [29–32] To 
our knowledge, there are no comprehensive studies that 
have examined the incidence or prevalence of these two 
outcomes over time by markers of SES in India.

Therefore, the purpose of this paper is to examine 
trends in under-five mortality, neonatal mortality, stunt-
ing, wasting, underweight, anemia, diarrhea, and acute 
respiratory illness between 1993 and 2021 by household 

wealth and maternal education. Additionally, unlike sev-
eral previous studies, we examine the anemia and anthro-
pometric failure outcomes based on severity. Examining 
the trends in all these outcomes over the past thirty-year 
period by household wealth and maternal education has 
not been done previously. Doing so is crucial given that 
India is currently not on track to meet many of the child 
health SDG targets by 2030. [1, 33, 34] Understanding 
which children, as a function of SES, are most vulner-
able can help policy makers and program implementers 
better understand how to best target interventions for 
more equitable improvements in child health outcomes 
throughout India.

Methods
Data
We used data from five rounds of India’s National Fam-
ily Health Survey (NFHS) to conduct this repeated cross-
sectional analysis: NFHS-1, from 1992 to 1993, NFHS-2, 
from 1998 to 1999, NFHS-3, from 2005 to 2006, NFHS-
4, from 2015 to 2016, and NFHS-5, from 2019 to 2021. 
Hereafter, we refer to the terminal year of the survey 
for simplicity. Each NFHS is designed to capture indica-
tors of population health and nutrition, and each survey 
is representative at the household level. Households are 
selected via a two-stage sampling process. First, Primary 
Sampling Units (PSUs), which are villages in rural areas 
and wards in urban areas, were selected with probability 
proportional to size from districts within states. House-
holds were then randomly selected from each PSU. This 
systematic approach for selecting households has been 
defined by the Demographic and Health Surveys Pro-
gramme, and has been implemented in 90 different coun-
tries. [35]

Study population
The NFHS survey contains data on key indicators of child 
health and wellbeing. However, the eligibility require-
ments have changed over time. Only NFHS-3, NFHS-4, 
and NFHS-5 asked the complete set of questions needed 
to diagnose ARI. Diarrhea data were collected for all liv-
ing children born to a mother in the past four years in 
NFHS-1, any child born in the past three years in NFHS-
2, and any child born in the past five years for NFHS-3, 
NFHS-4, and NFHS-5. Hemoglobin measurements were 
not taken in NFHS-1 but were taken for all living chil-
dren between the ages of 6–35 months in NFHS-2, all 
living children under the age of five in NFHS-3 (except 
for the state of Nagaland), and all living children between 
the ages of 6–59 months in NFHS-4 and NFHS-5. Height 
and weight measurements were taken from all children 
under the age of four in NFHS-1 in every state except 
Tamil Nadu, West Bengal, Madhya Pradesh & Chhat-
tisgarh, Andhra Pradesh & Telangana, and Himachal 



Page 3 of 11Jain et al. International Journal for Equity in Health          (2024) 23:149 

Pradesh. Anthropometric measurements were taken 
from all living children under the age of three in all states 
in NFHS-2, and for all children under the age of five in all 
states in NFHS-3, NFHS-4, and NFHS-5. Despite these 
varying age eligibility criteria, our analysis was conducted 
only on children between the ages of 0–36 months as this 
was the age range common to all five rounds of the sur-
vey. The final analytic sample, along with information on 
missingness, by outcome and survey round is presented 
in Table 1.

The following patterns of missingness were observed. 
Children in the lowest wealth quintile in NFHS-2 were 
slightly more likely to not have hemoglobin measure-
ments than children in the highest wealth quintile. In 
NFHS-3, we found that children in the highest SES cat-
egories were less likely to not have hemoglobin measure-
ments. This was true in NFHS-4 and NFHS-5 as well. 
For anthropometric outcomes, we found a small wealth 
difference between included and missing children. Those 
with missing data were more likely to be in a lower wealth 
quintile.

Outcomes
We studied indicators of child morbidity and anthropo-
metric failure. For indicators of morbidity, we examined 
the prevalence of child diarrhea (in the past two weeks), 
severe anemia (hemoglobin count less than 7.0 g/decili-
ter), moderate anemia (hemoglobin count between 7.0 
and 9.9  g/deciliter), mild anemia (hemoglobin count 
between 10.0 and 10.9  g/deciliter), and acute respira-
tory illness. Hemoglobin values below 4  g/deciliter and 
above 18  g/deciliter were considered implausible, and 
those children were excluded from our analysis. Finally, 
we studied the prevalence of six forms of anthropomet-
ric failure. These were severe stunting (height-for-age Z 
score < -3 standard deviations of World Health Organi-
zation growth standards), moderate stunting (height-for-
age Z score >= -3 and < -2 standard deviations of World 
Health Organization growth standards), severe under-
weight (weight-for-age Z score < -3 standard deviations 
of World Health Organization growth standards), mod-
erate underweight (weight-for-age Z score >= -3 and < 
-2 standard deviations of World Health Organization 
growth standards), severe wasting (weight-for-height Z 
score < -3 standard deviations of World Health Organi-
zation growth standards), and moderate wasting (weight-
for-height Z score >= -3 and < -2 standard deviations of 
World Health Organization growth standards). Each out-
come in the three categories was dichotomized as yes/
no for the purposes of this study. However, values above 
and below + 6 and − 6 standard deviations were consid-
ered implausible for height-for-age Z score. [36] Values 
above and below + 5 and − 5 standard deviations were 
considered implausible for weight-for-height Z score, and Ta
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values above and below + 5 and − 6 standard deviations 
were considered implausible for weight-for-age Z score. 
[36] These children were excluded from our analysis.

Statistical analysis
We estimated the weighted prevalence of each outcome 
in each survey round between 1993 and 2021, along with 
the standard errors, which is the square root of the vari-
ance divided by the sample size. These standard errors 
were then used to construct the 95% confidence intervals 
for each prevalence estimate. We estimated these values 
by household wealth quintile. In the NFHS, households 
are assigned a score, derived using a principal compo-
nent analysis, based on consumer goods and assets they 
own (car, television, etc.), and their housing quality (toi-
let type, drinking water source, etc.). These scores are 
then assigned to each household member, who are then 
ranked nationally. These scores are then divided into five 
equal categories to create wealth quintiles. We also esti-
mated the prevalence of each child health outcome by 
maternal education. The five categories of education we 
included were no schooling (zero years), 1st to 5th grade, 
6th to 8th grade, 9th to 12th grade, and above 12th grade.

Results
Sample characteristics
Two-week prevalence of diarrhea was reported for 
367,595 children across the five rounds. Hemoglobin 
data began being collected in 1999, and we used data 
from 255,373 children across four rounds of the NFHS 
to construct the anemia cutoffs. Data on ARI started 
being collected in 2006, and we used data from 305,008 
children from three rounds of the NFHS. We estimated 
the prevalence of severe and moderate stunting by using 
height-for-age Z scores from 322,789 children across all 
five rounds. We estimated the prevalence of severe and 
moderate underweight by using weight-for-age Z scores 
from 326,753 children across all five rounds. Finally, we 
estimated the prevalence of severe and moderate wasting 
by using weight-for-height Z scores from 320,222 chil-
dren across all five rounds. These results are presented in 
Table 1. Given that we used household wealth quintiles, 
approximately 20% of all children in each survey round 
were in each wealth quintile. In terms of mother’s educa-
tion, the percent of mothers with no schooling decreased 
from 60% in 1993 to 22% in 2021. The percent of mothers 
with above 12th grade education increased from approxi-
mately 4% to nearly 14% over the same period.

Changes in indicators of child health between 1993 and 
2021
Indicators of morbidity
We found that the prevalence of ARI, diarrhea, moder-
ate anemia, and severe anemia decreased among children 

in the lowest wealth quintile households and among 
children with mothers with no schooling between 1993 
and 2021. Among children in the lowest wealth quintile 
households, we found that the prevalence of mild anemia 
increased from 23.6% (95% CI: 22.2–25.0) to 27.7% (95% 
CI: 27.1–28.2). Among children with mothers with no 
schooling, the prevalence of mild anemia increased from 
22.3% (95% CI: 21.5–23.1) to 26.8% (95% CI: 26.2–27.4). 
Among children in the highest wealth quintile house-
holds, the prevalence of moderate anemia increased from 
36.1% (95% CI: 34.7–37.6) to 39.3% (95% CI: 38.5–40.2), 
and the prevalence of mild anemia increased from 24.0% 
(95% CI: 22.7–25.4) to 28.4% (95% CI: 27.6–29.2). For 
children with mothers with above a 12th grade educa-
tion, the prevalence of mild anemia increased from 22.0% 
(95% CI: 19.3–24.6) to 29.1% (95% CI: 28.3–29.8), and 
the prevalence of moderate anemia increased from 30.0% 
(95% CI: 27.1–32.9) to 37.2% (95% CI: 36.4–38.0). The 
prevalence of severe anemia increased from 1.6% (95% 
CI: 0.8–2.4) to 2.5% (95% CI: 2.2–2.8).

Overall, the socioeconomic gradient for severe anemia 
and acute respiratory illness decreased between 1993 and 
2021. This was true for household wealth and maternal 
education. However, the gap in the prevalence of diarrhea 
between children in the lowest and highest wealth quin-
tiles increased between 1993 and 2021, while decreas-
ing by mother’s education. The socioeconomic gradient 
for mild and moderate anemia increased between 1993 
and 2021, and this was true for both household wealth 
and maternal education. These results are presented in 
Tables 2 and 3; Figs. 1 and 2, and supplementary Tables 
1 and 2.

We found that the largest declines in prevalence for 
diarrhea, severe anemia, and ARI occurred prior to 2016. 
However, the prevalence of severe anemia increased 
between 2016 and 2021 for all children, regardless of 
household wealth or maternal education. The overall 
prevalence of moderate anemia increased between 1993 
and 2021, with the largest increases occurring between 
2016 and 2021 regardless of household wealth or mater-
nal education. Similarly, the overall prevalence of mild 
anemia also increased between 1993 and 2021. However, 
the largest increases occurred prior to 2016. These results 
are presented in Fig. 3.

As of 2021, we found that the absolute inequality in the 
prevalence between the lowest and highest wealth quin-
tile children for ARI, diarrhea, severe anemia, moderate 
anemia, and mild anemia was greater in urban commu-
nities than rural communities. Except for ARI, the same 
was true when comparing children whose mothers had 
no schooling versus those whose mothers had above a 
12th grade education. These results are presented in sup-
plementary Tables 3–6.
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Anthropometric failure
We found that the prevalence of severe stunting, moder-
ate stunting, severe underweight, moderate underweight, 
severe wasting, and moderate wasting all decreased 
among children in the lowest wealth quintiles house-
holds between 1993 and 2021. We found a similar pattern 
when examining children with mothers with no school-
ing. The only exception to this was that the prevalence of 
severe wasting increased from 9.8% (95% CI: 9.2–10.3) to 
10.5% (95% CI 10.1–10.9). Among children in the high-
est wealth quintile households, the prevalence of severe 
wasting increased from 6.3% (95% CI: 5.6-7.0) to 8.1 (95% 
CI: 7.6–8.5). Among children with mothers with above 
a 12th grade education, the prevalence of moderate 
underweight increased from 11.8% (95% CI: 9.6–13.9) to 
14.0% (95% CI:13.5–14.5) The prevalence of severe wast-
ing increased from 4.7% (95% CI: 3.2–6.1) to 8.1% (95% 
CI: 7.7–8.5), and the prevalence of moderate wasting 
increased from 8.6% (95% CI: 6.7–10.5) to 9.9% (95% CI: 
9.5–10.4).

Overall, the household wealth gradient decreased for 
severe stunting, severe underweight, severe wasting, 
and moderate wasting. The household wealth gradient 
increased for moderate stunting and moderate under-
weight. The maternal education gradient decreased for 
severe stunting, severe underweight, moderate under-
weight, severe wasting, and moderate wasting. The 
maternal education gradient increased for moderate 
stunting. These results are presented in Tables  2 and 3; 
Figs. 1 and 2, and supplementary Tables 1 and 2.

For children in the lowest SES groups, we found that 
the largest declines in severe stunting, severe under-
weight, and severe wasting occurred prior to 2016, while 
the largest declines in moderate stunting, moderate 
underweight, and moderate wasting occurred between 
2016 and 2021. For children in the highest SES catego-
ries, the largest declines in prevalence of all forms of 
anthropometric failure occurred before 2016. There were 
two exceptions to this, both for children with mothers 
with no schooling. First, the prevalence of severe wasting 
has only increased, with the largest increase occurring 
between 2006 and 2016. For moderate wasting, the larg-
est decline came between 2016 and 2021. These results 
are presented in Fig. 3.

As of 2021, we found that the absolute inequality 
between children in the lowest and highest wealth quin-
tiles was higher in rural communities than urban com-
munities for severe stunting, severe underweight, severe 
wasting, and moderate wasting. The absolute inequality 
between children whose mothers had no schooling and 
those whose mothers had above a 12th grade education 
was higher in rural communities than urban commu-
nities for all the anthropometric outcomes except for 
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moderate underweight. These results are presented in 
supplementary Tables 3–6.

Discussion
Our study had several salient findings. First, when look-
ing at household wealth, the largest reductions in out-
come prevalence were among children in the poorest 
households. The exceptions to this were for diarrhea, 
moderate stunting, and moderate underweight. Simi-
larly, the largest reductions in outcome prevalence were 
among children with mothers with no education except 
for moderate stunting. Second, the wealth gradient 
decreased for ARI, severe anemia, severe stunting, severe 
underweight, severe wasting, and moderate wasting. The 
maternal education gradient decreased for ARI, diar-
rhea, severe anemia, severe stunting, severe underweight, 
moderate underweight, severe wasting, and moderate 
wasting. Third, we found that most of the improvements 
in indicators of mortality, morbidity, and anthropometric 
failure occurred before 2016.

There are several data limitations to this study. First, 
diarrhea and ARI are reported by the mothers, and thus 
subject to recall bias. Nevertheless, these outcomes have 
been used in prior publications given the overall high-
quality of the data. Second, child anthropometry was not 
measured in all states during NFHS-1 due to a lack of 
measurement equipment. Therefore, the results for these 
outcomes from NFHS-1 is not representative of all chil-
dren. Third, data collection for NFHS-5 began in 2019, 
but was disrupted by COVID-19, before being completed 
in 2021. The extent to which this disruption is associated 
with any bias in responses is unknown, as is the full effect 
of the pandemic on the outcomes included in this study.

Over the last few decades, India’s government has 
launched several programs aimed at improving child 
health. Many of these programs have had a pro-poor 
focus. For example, various initiatives under India’s 
Integrated Child Development Services program and 
the National Health Mission were designed to improve 
child morbidity and nutrition outcomes. Our results 
show that the largest improvements in child health out-
comes between 1993 and 2021 were largely concentrated 
among children in the lowest SES categories. While our 
study does not present a causal analysis, it is possible 
that these improvements are in part due to various pro-
poor programs aimed at improving maternal and child 
health. This would be consistent with prior studies which 
show how many of these programs have led to significant 
improvements in child health. [37] However, our results 
show that for outcomes such as moderate stunting, chil-
dren in the highest SES groups experienced the greatest 
reductions in prevalence between 1993 and 2021. This 
could be due to myriad factors including a complex set of 
social and economic barriers to healthcare access, [38] or Ta
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because programs aimed at improving child health often 
do not reach the children who need them the most. [39] 
Our results once again emphasize the urgent need for 
programs that target and reach India’s most vulnerable 

children in order to prevent adverse outcomes such as 
diarrhea and stunting. In addition to prioritizing socio-
economically vulnerable children, programs should be 
geographically targeted. Doing so is critical given that 

Fig. 2  Prevalence of child health outcomes by maternal education, earliest year and 2021

 

Fig. 1  Prevalence of child health outcomes by household wealth, earliest year and 2021
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there is considerable geographic variation in the preva-
lence of diarrhea, [40] ARI, [41] anemia, [42] and anthro-
pometric failure across India. [43]

Our results also highlight how some inequalities have 
worsened over time. For instance, the gap in diarrhea 
prevalence between children in the lowest and high-
est wealth quintiles widened between 1993 and 2021. 
This widening is attributable to the fact that the absolute 
decrease in the prevalence of diarrhea was greater among 
children in the highest wealth quintile than children in 

the lowest wealth quintile. Microbial contamination and 
diarrhea risk fluctuate by season, [44] something our 
analysis could not account for. Nevertheless, the pace 
of reduction was faster among children in the highest 
SES groups than those in the lowest between 2016 and 
2021. This worsening inequality comes despite significant 
improvements in water and sanitation coverage through-
out India over the past few decades. [5, 45] However, 
progress towards improving water and sanitation cover-
age has been slowest among the most socioeconomically 

Fig. 3  Standardized annual change (SAC) in percentage points by outcome for each time period. Values were derived by subtracting the prevalence in 
year 1 from the prevalence in year 2 and then dividing by the number of intervening years. Red denotes SAC for lowest wealth quintile, green for highest 
wealth quintile, orange for no schooling, and dark blue for above 12th grade education
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marginalized households, especially those in rural areas. 
[5, 45, 46] Models from India show that the benefits of 
improved access to water and sanitation on diarrhea are 
highly progressive in that their impact on poor house-
holds is greater. [47] Thus, alleviating the socioeconomic 
gradient in diarrhea prevalence will require pro-poor 
policies for improving access to water and sanitation.

Finally, our results underscore the importance of strati-
fying child health outcomes by severity and SES cat-
egories. A prior study shows that the prevalence of any 
stunting has increased among children in the two highest 
wealth quintiles between 2006 and 2021. [48] Our results, 
however, show that this increase over the past 15 years 
is being driven by increases in severe stunting among 
children in the two highest wealth quintiles. This is also 
true for severe wasting. And for children who are moder-
ately underweight, we show that the increases are among 
children with mothers with higher education. Singh et al. 
also highlight that while the prevalence of mild, moder-
ate and severe anemia steadily decreased among children 
between 1999 and 2016, it actually increased between 
2016 and 2021. [49] Our results confirm these findings. 
However, we show that the wealth gradient for severe 
anemia is extremely low now with a very small difference 
between children in the lowest and highest wealth quin-
tiles. This gradient is larger when examining the outcome 
by maternal education. We also show that the prevalence 
of moderate anemia has increased regardless of wealth or 
maternal education. This could be due to a mother’s ane-
mia status, various socioeconomic factors, the number of 
children born to a mother, and persistent micronutrient 
deficiencies. [49–51] On the other hand, the increases 
in mild anemia have largely been among children in the 
highest wealth quintile homes and among children with 
mothers with higher education. This could be due to fac-
tors such as when the survey was conducted given sea-
sonal variations in anemia. [49] Thus, our results further 
highlight the importance of examining child health out-
comes by socioeconomic status.

In conclusion, our paper comprehensively exam-
ined the prevalence trends of 11 different child health 
outcomes by household wealth and maternal educa-
tion, two markers of SES that are associated with child 
health between 1993 and 2021. We show that the health 
of India’s poorest children has improved over this time, 
and that health disparities between the lowest and high-
est SES groups have narrowed for many outcomes. Yet in 
some cases, this reduction in disparity was because the 
prevalence had increased among children in the highest 
SES groups. Pro-poor policies are vital given that India’s 
most marginalized children still have the highest preva-
lence of 11 different outcomes. But policy makers must 
mitigate any further declines in health among India’s bet-
ter-off children, too.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12939-024-02218-z.

Supplementary Material 1

Acknowledgements
The authors would like to thank the Demographic and Health Surveys 
program for making the National Family Health Survey data freely accessible. 
The authors would also like to thank Meekang Sung for her contributions 
towards producing the visual exhibits presented in this manuscript.

Author contributions
AJ, RK, and SVS conceptualized and designed the study. AJ led the data 
analysis and wrote the main manuscript text. AJ, RK, SS, and SVS contributed 
to data interpretation and provided critical revisions to the manuscript. RK and 
SVS provided overall supervision.

Funding
This work was supported by the Bill & Melinda Gates Foundation, INV-
002992. RK was supported by grant RS-2023-00219289 from the National 
Research Foundation of Korea funded by the Korean government. The funders 
had no role in the design and conduct of the study; collection, management, 
analysis, and interpretation of the data; preparation, review, or approval of the 
manuscript; and decision to submit the manuscript for publication.

Data availability
The data that support the findings of this study are openly available through 
the Demographic and Health Surveys program website: https://dhsprogram.
com/Countries/Country-Main.cfm?ctry_id=57&c=India.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 March 2024 / Accepted: 22 June 2024

References
1.	 Swaminathan S, Hemalatha R, Pandey A, et al. The burden of child and 

maternal malnutrition and trends in its indicators in the states of India: the 
Global Burden of Disease Study 1990–2017. Lancet Child Adolesc Health. 
2019;3(12):855–870. https://doi.org/10.1016/S2352-4642(19)30273-1.

2.	 Choudhary TS, Sinha B, Khera A, et al. Factors associated with the 
decline in under-five diarrhea mortality in India: a LiST analysis. J Glob 
Health.2019;9(2):020804. https://doi.org/10.7189/jogh.09.020804.

3.	 Victora CG, Wagstaff A, Schellenberg JA, Gwatkin D, Claeson M, Habicht JP. 
Applying an equity lens to child health and mortality: more of the same 
is not enough. Lancet. 2003;362(9379):233–241. https://doi.org/10.1016/
S0140-6736(03)13917-7.

4.	 Galobardes B, Lynch J, Smith GD. Measuring socioeconomic position in 
health research. Br Med Bull.2007;81–82(1):21–37. https://doi.org/10.1093/
bmb/ldm001.

5.	 Jain A, Kumar A, Kim R, Subramanian SV. Prevalence of zero-sanitation in 
India: Patterns of change across the states and Union Territories, 1993–2021. J 
Glob Health. 2023;13:04082. https://doi.org/10.7189/jogh.13.04082.

6.	 Subramanian SV, Ambade M, Sharma S, Kumar A, Kim R. Prevalence of 
Zero-Food among infants and young children in India: patterns of change 
across the States and Union territories of India, 1993–2021. eClinicalMedicine. 
2023;58:101890. https://doi.org/10.1016/j.eclinm.2023.101890.

https://doi.org/10.1186/s12939-024-02218-z
https://doi.org/10.1186/s12939-024-02218-z
https://dhsprogram.com/Countries/Country-Main.cfm?ctry_id=57&c=India
https://dhsprogram.com/Countries/Country-Main.cfm?ctry_id=57&c=India
https://doi.org/10.1016/S2352-4642(19)30273-1
https://doi.org/10.7189/jogh.09.020804
https://doi.org/10.1016/S0140-6736(03)13917-7
https://doi.org/10.1016/S0140-6736(03)13917-7
https://doi.org/10.1093/bmb/ldm001
https://doi.org/10.1093/bmb/ldm001
https://doi.org/10.7189/jogh.13.04082
https://doi.org/10.1016/j.eclinm.2023.101890


Page 10 of 11Jain et al. International Journal for Equity in Health          (2024) 23:149 

7.	 Kanjilal B, Mazumdar PG, Mukherjee M, Rahman MH. Nutritional sta-
tus of children in India: household socio-economic condition as the 
contextual determinant. Int J Equity Health. 2010;9(1):19. https://doi.
org/10.1186/1475-9276-9-19.

8.	 Pappachan B, Choonara I. Inequalities in child health in India. Bmjpo. 
2017;1(1):e000054. https://doi.org/10.1136/Bmjpo-2017-000054.

9.	 Summan A, Nandi A, Schueller E, Laxminarayan R. Public health facility 
quality and child immunization outcomes in rural India: A decomposi-
tion analysis. Vaccine. 2022;40(16):2388–2398. https://doi.org/10.1016/j.
vaccine.2022.03.017.

10.	 Bawankule R, Shetye S, Singh A, Singh A, Kumar K. Epidemiological inves-
tigation and management of bloody diarrhea among children in India. 
JoeW, ed. PLoS ONE. 2019;14(9):e0222208. https://doi.org/10.1371/journal.
pone.0222208.

11.	 Johri M, Rajpal S, Subramanian SV. Progress in reaching unvaccinated 
(zero-dose) children in India, 1992–2016: a multilevel, geospatial 
analysis of repeated cross-sectional surveys. Lancet Global Health. 
2021;9(12):e1697-e1706. https://doi.org/10.1016/S2214-109X(21)00349-1.

12.	 Pande RP, Yazbeck AS. What’s in a country average? Wealth, gender, and 
regional inequalities in immunization in India. Soc Sci Med.2003;57(11):2075–
2088. https://doi.org/10.1016/S0277-9536(03)00085-6.

13.	 Shrivastwa N, Gillespie BW, Kolenic GE, Lepkowski JM, Boulton ML. Predic-
tors of Vaccination in India for Children Aged 12–36 Months. Am J Prev 
Med.2015;49(6):S435-S444. https://doi.org/10.1016/j.amepre.2015.05.008.

14.	 Singh-Manoux A, Dugravot A, Smith GD, Subramanyam M, Subramanian SV. 
Adult Education and Child Mortality in India: The Influence of Caste, House-
hold Wealth, and Urbanization. Epidemiology.2008;19(2):294–301. https://doi.
org/10.1097/EDE.0b013e3181632c75.

15.	 Le K, Nguyen M. Shedding light on maternal education and child health in 
developing countries. World Dev. 2020;133:105005. https://doi.org/10.1016/j.
worlddev.2020.105005.

16.	 Paul S, Paul S, Gupta AK, James KS. Maternal education, health care system 
and child health: Evidence from India. Soc Sci Med. 2022;296:114740. https://
doi.org/10.1016/j.socscimed.2022.114740.

17.	 Vikram K, Vanneman R, Desai S. Linkages between maternal education and 
childhood immunization in India. Soc Sci Med. 2012;75(2):331–339. https://
doi.org/10.1016/j.socscimed.2012.02.043.

18.	 Paul P, Saha R. Is maternal autonomy associated with child nutritional status? 
Evidence from a cross-sectional study in India. Navaneetham K, ed. PLoS ONE. 
2022;17(5):e0268126. https://doi.org/10.1371/journal.pone.0268126.

19.	 Murarkar S, Gothankar J, Doke P, etal. Prevalence and determinants of under-
nutrition among under-five children residing in urban slums and rural area, 
Maharashtra, India: a community-based cross-sectional study. BMC Public 
Health. 2020;20(1):1559. https://doi.org/10.1186/s12889-020-09642-0.

20.	 Neves PAR, Barros AJD, Gatica-Domínguez G, Vaz JS, Baker P, Lutter CK. Mater-
nal education and equity in breastfeeding: trends and patterns in 81 low- 
and middle-income countries between 2000 and 2019. Int J Equity Health. 
2021;20(1):20. https://doi.org/10.1186/s12939-020-01357-3.

21.	 Srivastava S, Upadhyay SK, Chauhan S, Alagarajan M. Preceding child survival 
status and its effect on infant and child mortality in India: An evidence from 
National Family Health Survey 2015–16. BMC Public Health. 2021;21(1):1577. 
https://doi.org/10.1186/s12889-021-11569-z.

22.	 Karlsson O, Kim R, Sarwal R, James KS, Subramanian SV. Trends in under-
weight, stunting, and wasting prevalence and inequality among children 
under three in Indian states, 1993–2016. Sci Rep. 2021;11(1):14137. https://
doi.org/10.1038/s41598-021-93493-1.

23.	 Chalasani S, Rutstein S. Household wealth and child health in India. Popul 
Stud. 2014;68(1):15–41. https://doi.org/10.1080/00324728.2013.795601.

24.	 Subramanyam MA, Kawachi I, Berkman LF, Subramanian SV. Socioeconomic 
Inequalities in Childhood Undernutrition in India: Analyzing Trends between 
1992 and 2005. StanojevicS, ed. PLoS ONE. 2010;5(6):e11392. https://doi.
org/10.1371/journal.pone.0011392.

25.	 Pathak PK, Singh A. Trends in malnutrition among children in India: Growing 
inequalities across different economic groups. Soc Sci Med. 2011;73(4):576–
585. https://doi.org/10.1016/j.socscimed.2011.06.024.

26.	 Soni A, Fahey N, Bhutta Z, et al. Association of trends in child undernutrition 
and implementation of the National Rural Health Mission in India: A nation-
ally representative serial cross-sectional study on data from 1992 to 2015. 
Bassat Q, ed. PLoS Med. 2022;19(4):e1003957. https://doi.org/10.1371/journal.
pmed.1003957.

27.	 Kumar A, Kumari D, Singh A. Increasing socioeconomic inequality in child-
hood undernutrition in urban India: trends between 1992–93, 1998–99 and 

2005–06. Health Policy Plan. 2015;30(8):1003–1016. https://doi.org/10.1093/
heapol/czu104.

28.	 Nguyen PH, Scott S, Avula R, Tran LM, Menon P. Trends and drivers of change 
in the prevalence of anaemia among 1 million women and children in India, 
2006 to 2016. BMJ Glob Health. 2018;3(5):e001010. https://doi.org/10.1136/
bmjgh-2018-001010.

29.	 Fadel SA, Rasaily R, Awasthi S, et al. Changes in cause-specific neonatal and 
1–59-month child mortality in India from 2000 to 2015: a nationally represen-
tative survey. Lancet. 2017;390(10106):1972–1980. https://doi.org/10.1016/
S0140-6736(17)32162-1.

30.	 Fadel SA, Boschi-Pinto C, Yu S, et al. Trends in cause-specific mortality among 
children aged 5–14 years from 2005 to 2016 in India, China, Brazil, and 
Mexico: an analysis of nationally representative mortality studies. Lancet. 
2019;393(10176):1119–1127. https://doi.org/10.1016/S0140-6736(19)30220-X.

31.	 Liu L, Chu Y, Oza S, et al. National, regional, and state-level all-cause and 
cause-specific under-5 mortality in India in 2000–15: a systematic analysis 
with implications for the Sustainable Development Goals. Lancet Global 
Health. 2019;7(6):e721-e734. https://doi.org/10.1016/S2214-109X(19)30080-4.

32.	 Black RE, Cousens S, Johnson HL, et al. Global, regional, and national causes 
of child mortality in 2008: a systematic analysis. Lancet. 2010;375(9730):1969–
1987. https://doi.org/10.1016/S0140-6736(10)60549-1.

33.	 Dandona R, Kumar GA, Henry NJ, et al. Subnational mapping of under-5 
and neonatal mortality trends in India: the Global Burden of Disease Study 
2000–17. Lancet. 2020;395(10237):1640–1658. https://doi.org/10.1016/
S0140-6736(20)30471-2.

34.	 Bora JK, Saikia N. Neonatal and under-five mortality rate in Indian districts 
with reference to Sustainable Development Goal 3: An analysis of the 
National Family Health Survey of India(NFHS),2015–2016. Moise IK, ed. PLoS 
ONE. 2018;13(7):e0201125. https://doi.org/10.1371/journal.pone.0201125.

35.	 Corsi DJ, Neuman M, Finlay JE, Subramanian S. Demographic and health sur-
veys: a profile. Int J Epidemiol. 2012;41(6):1602–1613. https://doi.org/10.1093/
ije/dys184.

36.	 Benedict RR, Namaste SM, Croft T. Evaluation of Implausible Anthropomet-
ric Values by Data Collection Team in Demographic and Health Surveys 
2010–2020. Accessed May 23, 2024. https://dhsprogram.com/pubs/pdf/
MR33/MR33.pdf.

37.	 Singh A, Vellakkal S. Impact of public health programs on maternal and child 
health services and health outcomes in India: A systematic review. Soc Sci 
Med. 2021;274:113795. https://doi.org/10.1016/j.socscimed.2021.113795.

38.	 Hunter BM, Harrison S, Portela A, Bick D. The effects of cash transfers and 
vouchers on the use and quality of maternity care services: A system-
atic review. Gebhardt S, ed. PLoS ONE. 2017;12(3):e0173068. https://doi.
org/10.1371/journal.pone.0173068.

39.	 Jones G, Steketee RW, Black RE, Bhutta ZA, Morris SS. How many child 
deaths can we prevent this year? Lancet. 2003;362(9377):65–71. https://doi.
org/10.1016/S0140-6736(03)13811-1.

40.	 Nilima, Kamath A, Shetty K, Unnikrishnan B, Kaushik S, Rai SN. Prevalence, 
patterns, and predictors of diarrhea: a spatial-temporal comprehensive evalu-
ation in India. BMC Public Health. 2018;18(1):1288. https://doi.org/10.1186/
s12889-018-6213-z.

41.	 Hasan MM, Saha KK, Yunus RM, Alam K. Prevalence of acute respiratory 
infections among children in India: Regional inequalities and risk factors. 
Matern Child Health J. 2022;26(7):1594–1602. https://doi.org/10.1007/
s10995-022-03424-3.

42.	 Rajpal S, Kumar A, Rana MJ, Kim R, Subramanian SV. Small area variation in 
severe, moderate, and mild anemia among women and children: A multilevel 
analysis of 707 districts in India. Front Public Health. 2022;10:945970. https://
doi.org/10.3389/fpubh.2022.945970.

43.	 Subramanian SV, Ambade M, Kumar A, et al. Progress on Sustainable 
Development Goal indicators in 707 districts of India: a quantitative mid-
line assessment using the National Family Health Surveys, 2016 and 2021. 
The Lancet Regional Health - Southeast Asia. 2023;13:100155. https://doi.
org/10.1016/j.lansea.2023.100155.

44.	 Kulinkina AV, Mohan VR, Francis MR, et al. Seasonality of water quality and 
diarrheal disease counts in urban and rural settings in south India. Sci Rep. 
2016;6(1):20521. https://doi.org/10.1038/srep20521.

45.	 Progress on Household drinking Water, Sanitation, and Hygiene 2000–2020: 
five years into the SDGs. World Health Organization and the United Nations 
Children’s Fund; 2021.

46.	 Ghosh P, Hossain M, Sarkar S. Inequality Among Social Groups in Accessing 
Improved Drinking Water and Sanitation in India: A District-Level Spatial 

https://doi.org/10.1186/1475-9276-9-19
https://doi.org/10.1186/1475-9276-9-19
https://doi.org/10.1136/Bmjpo-2017-000054
https://doi.org/10.1016/j.vaccine.2022.03.017
https://doi.org/10.1016/j.vaccine.2022.03.017
https://doi.org/10.1371/journal.pone.0222208
https://doi.org/10.1371/journal.pone.0222208
https://doi.org/10.1016/S2214-109X(21)00349-1
https://doi.org/10.1016/S0277-9536(03)00085-6
https://doi.org/10.1016/j.amepre.2015.05.008
https://doi.org/10.1097/EDE.0b013e3181632c75
https://doi.org/10.1097/EDE.0b013e3181632c75
https://doi.org/10.1016/j.worlddev.2020.105005
https://doi.org/10.1016/j.worlddev.2020.105005
https://doi.org/10.1016/j.socscimed.2022.114740
https://doi.org/10.1016/j.socscimed.2022.114740
https://doi.org/10.1016/j.socscimed.2012.02.043
https://doi.org/10.1016/j.socscimed.2012.02.043
https://doi.org/10.1371/journal.pone.0268126
https://doi.org/10.1186/s12889-020-09642-0
https://doi.org/10.1186/s12939-020-01357-3
https://doi.org/10.1186/s12889-021-11569-z
https://doi.org/10.1038/s41598-021-93493-1
https://doi.org/10.1038/s41598-021-93493-1
https://doi.org/10.1080/00324728.2013.795601
https://doi.org/10.1371/journal.pone.0011392
https://doi.org/10.1371/journal.pone.0011392
https://doi.org/10.1016/j.socscimed.2011.06.024
https://doi.org/10.1371/journal.pmed.1003957
https://doi.org/10.1371/journal.pmed.1003957
https://doi.org/10.1093/heapol/czu104
https://doi.org/10.1093/heapol/czu104
https://doi.org/10.1136/bmjgh-2018-001010
https://doi.org/10.1136/bmjgh-2018-001010
https://doi.org/10.1016/S0140-6736(17)32162-1
https://doi.org/10.1016/S0140-6736(17)32162-1
https://doi.org/10.1016/S0140-6736(19)30220-X
https://doi.org/10.1016/S2214-109X(19)30080-4
https://doi.org/10.1016/S0140-6736(10)60549-1
https://doi.org/10.1016/S0140-6736(20)30471-2
https://doi.org/10.1016/S0140-6736(20)30471-2
https://doi.org/10.1371/journal.pone.0201125
https://doi.org/10.1093/ije/dys184
https://doi.org/10.1093/ije/dys184
https://dhsprogram.com/pubs/pdf/MR33/MR33.pdf
https://dhsprogram.com/pubs/pdf/MR33/MR33.pdf
https://doi.org/10.1016/j.socscimed.2021.113795
https://doi.org/10.1371/journal.pone.0173068
https://doi.org/10.1371/journal.pone.0173068
https://doi.org/10.1016/S0140-6736(03)13811-1
https://doi.org/10.1016/S0140-6736(03)13811-1
https://doi.org/10.1186/s12889-018-6213-z
https://doi.org/10.1186/s12889-018-6213-z
https://doi.org/10.1007/s10995-022-03424-3
https://doi.org/10.1007/s10995-022-03424-3
https://doi.org/10.3389/fpubh.2022.945970
https://doi.org/10.3389/fpubh.2022.945970
https://doi.org/10.1016/j.lansea.2023.100155
https://doi.org/10.1016/j.lansea.2023.100155
https://doi.org/10.1038/srep20521


Page 11 of 11Jain et al. International Journal for Equity in Health          (2024) 23:149 

Analysis. Prof Geogr. 2023;75(3):361–382. https://doi.org/10.1080/00330124.2
022.2124181.

47.	 Nandi A, Megiddo I, Ashok A, Verma A, Laxminarayan R. Reduced burden of 
childhood diarrheal diseases through increased access to water and sanita-
tion in India: A modeling analysis. Soc Sci Med. 2017;180:181–192. https://doi.
org/10.1016/j.socscimed.2016.08.049.

48.	 Rao N, Bala M, Ranganathan N, et al. Trends in the prevalence and social 
determinants of stunting in India, 2005–2021: findings from three rounds of 
the National Family Health Survey. BMJNPH. 2023;6(2):357–366. https://doi.
org/10.1136/bmjnph-2023-000648.

49.	 Singh SK, Lhungdim H, Shekhar C, Dwivedi LK, Pedgaonkar S, James KS. 
Key drivers of reversal of trend in childhood anaemia in India: evidence 
from Indian demographic and health surveys, 2016–21. BMC Public Health. 
2023;23(1):1574. https://doi.org/10.1186/s12889-023-16398-w.

50.	 Yadav K, Ramaswamy G, Puri S, et al. Prevalence and determinants of 
anemia due to micronutrient deficiencies among children aged 12–59 

months in India–Evidence from Comprehensive National Nutrition Survey, 
2016–18. ApteA, ed. PLOS Glob Public Health. 2024;4(1):e0002095. https://doi.
org/10.1371/journal.pgph.0002095.

51.	 Preethi V, Hemalatha V, Arlappa N, M BT, Jaleel A. Trends and predictors of 
severe and moderate anaemia among children aged 6–59 months in India: 
An analysis of three rounds of National Family Health Survey (NFHS) data. 
Published online April5, 2024. https://doi.org/10.21203/rs.3.rs-4190982/v1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1080/00330124.2022.2124181
https://doi.org/10.1080/00330124.2022.2124181
https://doi.org/10.1016/j.socscimed.2016.08.049
https://doi.org/10.1016/j.socscimed.2016.08.049
https://doi.org/10.1136/bmjnph-2023-000648
https://doi.org/10.1136/bmjnph-2023-000648
https://doi.org/10.1186/s12889-023-16398-w
https://doi.org/10.1371/journal.pgph.0002095
https://doi.org/10.1371/journal.pgph.0002095
https://doi.org/10.21203/rs.3.rs-4190982/v1

	﻿Socioeconomic inequality in child health outcomes in India: analyzing trends between 1993 and 2021
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data
	﻿Study population
	﻿Outcomes
	﻿Statistical analysis

	﻿Results
	﻿Sample characteristics
	﻿Changes in indicators of child health between 1993 and 2021
	﻿Indicators of morbidity
	﻿Anthropometric failure


	﻿Discussion
	﻿References


