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Abstract

Though child anthropometric failure (CAF) is a persistent problem in India, previous
studies have often neglected state-level variance and aggregated moderate and
severe CAF categories. This study addresses this gap by examining moderate and
severe malnutrition across India's states and union territories (UTs) from 1993 to
2021. Data of children under 2 years old from five waves of National Family Health
Surveys, a representative cross-sectional survey of Indian households, were ana-
lysed. Outcomes included prevalence of moderate and severe stunting, underweight
and wasting, as per the 2006 World Health Organization growth standards. Per-
centage prevalence and standardized absolute change (SAC) were calculated
nationally and by region for each wave. From 1993 to 2021, there was a notable
reduction in the nationwide prevalence of moderate stunting, underweight and
wasting, with rates dropping from 20% to 16%, 23% to 18%, and 15% to 12%,
respectively. Severe stunting and underweight declined considerably from 23% to
16% and 18% to 11%, respectively; severe wasting marginally increased from 8% to
9%. From 2016 to 2021 moderate underweight was noted to have the highest SAC
across all regions, although 15 regions saw an increase in the prevalence of mod-
erate underweight. In the 2016-2021 period, severe wasting has increased in 13 of
the 36 regions. While there has been a nationwide reduction in most indicators of
CAF since 1993, the rate and direction of change vary widely among states and UTs
and between moderate and severe categories within each of the states and UTs.
Understanding these patterns of change can direct context-specific interventions for
improving child nutrition and health. A greater focus on reducing severe wasting,

which has increased since 1993, is also crucial.
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1 | INTRODUCTION

Proper nutrition is essential for the growth and development of
children. Poor nutrition during early years increases the risk of early
death and negatively impacts motor, cognitive and behavioural
development, leading to detrimental long-term effects like lower
educational achievement, health and productivity (Martorell, 1999).
Reducing child undernutrition is a global priority and the United
Nations' Sustainable Development Goal 2 (SDG2) focuses on Zero
Hunger by 2030 (United Nations Development Program, 2022).

Anthropometric measures are commonly used proxies for
describing child undernutrition as well as overweight and obesity
(Heemann et al., 2021). Moderate stunting (low height growth), un-
derweight (low weight gain) and wasting (thinness) are defined as
height-for-age, weight-for-age and weight-for-height, respectively,
between 2 and 3 standard deviations (or z-scores) below the median
of 2006 WHO growth standard (World Health Organization, 2006;
World Health Organization, 2019). Children falling more than three
standard deviations below the median are considered to suffer from
severe stunting, underweight and wasting, respectively.

India, which is home to 19% of the world's children, has much to
tackle in the realm of child health (Chandrakant, 2008). India com-
prises 36 geographic regions (including states, administrative regions
and union territories) that are governed by the central government
with or without their own legislatures. Much of the health care sys-
tem and programming are administered at a subnational level, with
the central government responsible for providing policy direction and
overseeing national initiatives (Baru et al., 2010). There have been
deliberate efforts to improve child nutrition as measured by anthro-
pometric outcomes, through national- and state-led efforts (Balarajan
& Reich, 2016; Jose & Hari, 2015).

Previous research has reported persistent poor anthropometric
outcomes in India, as well as wide disparities across states (Karlsson
et al., 2021). However, these studies generally used only the mod-
erate threshold when studying stunting, underweight and wasting,
without considering severe anthropometric failure separately
(Hemalatha et al., 2020). Presenting data on both moderate and
severe anthropometric failure is important to build interventions
targeting high-risk groups, as well as to assess whether such existing
interventions have been effective. In this study, we examined trends
in both moderate and severe stunting, underweight and wasting
between 1993 and 2021 using the most recently available data and
harmonization techniques and compared progress within and across

India's 28 states and 8 Union Territories.

2 | METHODS

21 | Data

This study pulls from the National Family Health Survey (NFHS), a
nationally representative survey of households in India, wherein

families are surveyed on various areas of their lives including the
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Key messages

e Since 1993, moderate anthropometric failure has broadly
seen a reduction in 0-2-year children, with the prevalence
of moderate stunting decreasing by 4.5%, the prevalence
of moderate underweight decreasing by 5.9% and the
prevalence of moderate wasting decreasing by 2.7%.

e While severe stunting and severe underweight have
declined considerably (6.3% and 7.3%, respectively) since
1993, severe wasting has slightly increased from by 1%.

e There is substantial variation in the regional trends of
anthropometric failure. For example, twelve regions saw
an annual average increase of moderate underweight in
the 2016-2021 period even though there was an annual
average reduction when considering all of India.

e Severe wasting has increased between 2016 and 2021 in
13 regions.

nutrition of their children (Bhat & Zavier, 1999). Given its granu-
larity of household and individual-level data, the NFHS is often used
to convey trends at the state and district level (Ganguly &
Unisa, 2010). We specifically used the data fields for state/UT of
residence, child age, child height-for-age, weight-for-age and
weight-for-height z-scores—which measure the standard deviation
from the growth trajectory of healthy children according to the
2006 WHO growth standard—to estimate the prevalence of
stunting, underweight and wasting, respectively. When collecting
the height and weight data, measurements of children were taken
using standardized procedures consistent across surveys—a digital
scale was used to measure weight and a portable measuring board
was used to measure height (ICF International, 2012). The five
waves of surveys used were: 1992-93, 1998-99, 2005-06,
2015-16 and 2019-21. Each survey is identified in these findings
by its end year. This data is available for download at https://

dhsprogram.com/.

2.2 | Study population

This study limited analysis to children between the ages of 0 and
23 months (inclusive). Raw data was pooled from all five survey
years, excluded children outside the age range of O to 23 months,
and then filtered out children with z-scores that were null due to
missing height or weight data. Notably, height data was missing in
the 1993 survey for Andhra Pradesh, Chhattisgarh, Himachal
Pradesh, Madhya Pradesh, Sikkim, Tamil Nadu, Telangana and
West Bengal. Implausible values for z-scores were filtered out,
defined as below -6 or above 5 for underweight, below -6 or
above 6 for stunting and below -5 or above 5 for wasting (Assaf
et al., 2015). Final analytic samples are listed in Supporting
Information: Table S1.
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TABLE 1

Earliest and latest percent prevalence for moderate

and severe stunting, grouped by earliest available survey year.

Legend

All India

Earliest survey year: 1993
Arunachal Pradesh
Assam

Bihar

Goa

Gujarat

Haryana
Jharkhand
Karnataka

Kerala
Maharashtra
Manipur
Meghalaya
Mizoram

Nagaland

Odisha

Punjab

Rajasthan

Tripura

Uttar Pradesh
Uttarakhand
Jammu & Kashmir?
NCT of Delhi®
Earliest survey year: 1999
Andhra Pradesh
Chhattisgarh
Himachal Pradesh
Madhya Pradesh
Sikkim

Tamil Nadu
Telangana

West Bengal
Earliest survey year: 2006
Ladakh®

Earliest survey year: 2016

Andaman & Nicobar Islands®

<18 18-22 22-24 >24
Moderate Severe

Earliest 2021 Earliest 2021
20.5 16.0 16.3
14.7 11.8 18,8
16.1 18.7
19.9 17.7 18.6
17.5 15.0 11.3 8.3
20.0 16.3 19.1
141 17.0 10.8
18.7 17.0 19.5
16.0 15.8 15.9
16.1 15.7 9.5 10.1
211 17.4 13.7 17.3
11.7 13.1 11.7 9.3
8.5 18.9 20.8
15.5 13.8 16.7 13.3
16.8 14.2 11.2 15.6
20.6 17.2 14.9
13.9 16.1 11.4
16.9 14.8 151
21.2 134 219 21.6
22.6 16.7 31.8 17.7
235 13.2 34.6 12.8
19.0 11.5 17.8 16.8
19.5 13.9 19.2 12.9
16.0 15.6 11.3

16.1 16.8

15.3 21.8 17.3

16.6 15.3

18.6 10.5 10.5 17.9
17.7 15.6 13.5 12.1
17.3 17.5 14.2

17.3 17.3 18.8

15.5 7.6 135 223
16.1 11.3 8.1 10.6
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TABLE 1 (Continued)
Chandigarh® 13.9 17.3 7.7 5.8
Dadra & Nagar Haveli and 15.6 20.1 20.2 13.9
Daman & Diu®
Lakshadweep® 21.1 6.1 9.5
Puducherry?® 13.5 12.6 10.3 16.7

2Union Territories are marked

2.3 | Outcome

For each metric, denominators were defined by taking the full sample
of children aged 0-23 months with a valid z-score for that metric. For
each metric, the numerators were defined as the children from the
pool of denominators who met the anthropometric failure criteria
(i.e., with z-scores between 2 and 3 standard deviations below the
2006 WHO standard for moderate or more than three standard
deviations below the 2006 WHO standard for severe anthropometric

failure).

2.4 | Constructing comparable state estimates

Due to the way state and union territory (UT) delineations have
changed since 1993, we chose a geographic harmonization method
that allowed us to attribute districts in older surveys to the appro-
priate state or UT as defined in 2021. This contrasts with the con-
ventional approach to this problem of assigning averages since the
harmonization method used in the study allows for the geographic
granularity of current state geometry to be preserved and has been
used previously to analyse prevalence in Zero-Food over time
(Subramanian et al., 2023). This choice was made to ensure that
trends which could influence policy decisions are comparing the same
regions over time.

2.5 | Analysis

The mean prevalence of stunting, underweight and wasting was
calculated for each survey year with 95% confidence intervals
nationally and for each state and UT. Tables 1-3 present the con-
solidated data for the earliest and latest mean prevalence for each of
these regions. Metrics for all years on stunting, underweight and
wasting are presented in Supporting Information: Tables S1-S3,
respectively. Boxplots were used to visualize the distribution of
outcomes over time.

Standardized absolute change (SAC) was calculated for each
outcome nationally and for each of the 36 states and UTs
(Table 2). The SAC from year A to year B (where B > A) is defined
as the total change in the outcome between year A and year B
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TABLE 2 Earliest and latest percent prevalence for moderate
and severe underweight, grouped by earliest available survey year.
Legend <18 18-22 22-26 >26
Moderate Severe

Earliest 2021 Earliest 2021
All India 234 17.5 18.2 10.9

Earliest survey year: 1993

Andhra Pradesh 23.6 17.9 17.0 8.7
Arunachal Pradesh 18.6 7.0 10.3 53
Assam 24.9 18.2 13.3 12.9
Bihar 251 233 30.8 13.7
Chhattisgarh 28.2 19.4 29.8 12.8
Goa 16.5 14.0 6.9 6.6
Gujarat 23.7 20.7 17.1 14.6
Haryana 20.1 13.2 7.9 6.5
Himachal Pradesh 220 144 111 7.8
Jharkhand 21.6 22.6 17.9 16.0
Karnataka 27.9 19.0 16.4 10.0
Kerala 13.5 151 5.0 6.0
Madhya Pradesh 26.0 19.4 29.0 12.3
Maharashtra 255 20.3 18.3 12.4
Manipur 10.4 7.9 4.8 25
Meghalaya 18.3 15.3 12.7 8.3
Mizoram 9.8 8.0 4.6 3.8
Nagaland 12.5 14.4 3.5 7.9
Odisha 26.6 19.1 19.2 10.3
Punjab 23.2 12.8 12.9 5.7
Rajasthan 224 16.4 18.8 114
Sikkim 9.7 4.3 3.1 7.7
Tamil Nadu 25.9 13.6 14.7 7.4
Telangana 20.1 18.8 16.2 8.9
Tripura 19.7 14.5 18.3 9.2
Uttar Pradesh 26.7 17.2 26.5 12.2
Uttarakhand 2353 111 17.9 7.9
West Bengal 29.7 19.0 22.7 10.2
Jammu & Kashmir® 16.9 12.8 12.1 10.9
NCT of Delhi? 21.2 14.7 11.8 6.7

Earliest survey year: 1999
Ladakh?® 13.0 17.2 8.9 13.3
Earliest survey year: 2016
Andaman & Nicobar Islands® 12.3 13.7 3.8 10.6
Chandigarh® 15.4 13.2 6.2 7.6
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TABLE 2 (Continued)
Dadra & Nagar Haveli and 20.2 20.6 8.2 13.1
Daman & Diu?
Lakshadweep?® 18.4 18.6 5.3 13.4
Puducherry? 13.2 14.4 4.7 4.7

#Union Territories are marked.

divided by the number of years elapsed between the two (B-A).
This is calculated by the following formula, where pa represents
the outcome during year A and pg represents the outcome in

year B:

SAC = (pg - pa)/(B - A)

A negative SAC indicates a decrease in the prevalence of an
outcome (e.g., a decrease in stunting over time). The use of this
metric allows for the comparison of prevalence change across varying
time periods in units of percentage points per year (pp).

The R-software (version 3.6.3) was used for data cleaning and
metric computation. ArcGIS Pro and Microsoft Power Bl were used

for data visualization.

2.6 | Role of funding

This study was supported by a grant from the Bill & Melinda
Gates Foundation INV-002992. The funders had no role in study
design, data collection and analysis, decision to publish or prep-
aration of the manuscript. All authors had access to the data. MN,
OK and AK accessed and verified the sample survey data for the

analysis.

2.7 | Ethical statement

The data collection methods and survey content used by the
NFHS are approved by the International Institute for Population
Studies Institutional Review Board and the ICF Institutional
Review Board. In each of the NFHS surveys, participants
gave informed consent to their data being collected. The NFHS
data are not collected specifically for this study and no one
on the study team has access to identifiers linked to the data.
These activities do not meet the regulatory definition of human
subject research. As such, an Institutional Review Board (IRB)
review is not required. The Harvard Longwood Campus IRB
allows researchers to self-determine when their research does
not meet the requirements for IRB oversight via guidance online
regarding when an IRB application is required using an IRB

Decision Tool.
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TABLE 3

Earliest and latest percent prevalence for moderate

and severe wasting, grouped by earliest available survey year.

Wasting

All India

Earliest survey year: 1993
Arunachal Pradesh

Assam

Bihar

Goa

Gujarat

Haryana

Jharkhand

Karnataka

Kerala

Maharashtra

Manipur

Meghalaya

Mizoram

Nagaland

Odisha

Punjab

Rajasthan

Tripura

Uttar Pradesh
Uttarakhand

Jammu & Kashmir®

NCT of Delhi®

Earliest survey year: 1999
Andhra Pradesh
Chhattisgarh

Himachal Pradesh
Madhya Pradesh

Sikkim

Tamil Nadu

Telangana

West Bengal

Earliest survey year: 2006
Ladakh®

Earliest survey year: 2016

Andaman & Nicobar Islands®

<9 9-12 12-15 >15
Moderate Severe
Earliest 2021  Earliest 2021

15.0 12.3 8.4 9.4

52 10.1

11.0
29 6.3
3.0 11.5
8.5 9.6
10.7 11.5 29 6.9

191 14.9 13.5 12.2

6.1 5.9 4.4 52

12.0 9.1 8.5 6.4
52 5.1 1.2 5.6

6.9 111 8.5 6.6

10.4 8.8

9.0 6.0 5.7

11.0 9.2

8.9 5.8 8.1

11.9 111 9.9
9.2 6.4 7.1
11.7 111 6.0 11.6
12.9 8.0 4.4 7.3

8.6 114 &) 7.9
19.5 13.2 6.9 10.7
11.3 8.6 5.0 6.9

16.8 14.0 11.7 8.6

4.3 27 3.1 10.3
9.3 8.2 7.2
6.4 3.5 9.8
55 6.9

14.3 6.5 6.6 12.9
8.1 14.4 5.8 4.8

}Wl LEYy—L "

TABLE 3 (Continued)
Chandigarh?® 10.8 57
Dadra & Nagar Haveli and 8.6 4.2
Daman & Diu®
Lakshadweep® 11.4 8.8 3.5
Puducherry® 9.7 8.8 10.3 6.9

@Union Territories are marked.

3 | RESULTS
3.1 | Patterns of change in stunting by severity
3.1.1 | Moderate stunting

Between 1993 and 2021, the nationwide prevalence of moderate
stunting decreased from 20.5% (95% Cl: 19.8%, 21.2%) in 1993 to
16.0% (95% CI: 15.8%, 16.3%) in 2021 (Table 1; Figure 1; Supporting
Information: Table S1). The states with the greatest decrease in
moderate stunting (not considering UTs since they had no earlier data
before 2016) were Haryana at -0.39pp, Sikkim at -0.37pp and Ut-
tarakhand at -0.37pp. Meghalaya, with an SAC of 0.37pp, saw the

greatest increase in moderate stunting (Table 4).

3.1.2 | Severe stunting

From 1993 to 2021, the nationwide prevalence of severe stunting
decreased from 22.6% (95% Cl: 27.6%, 28.8%) in 1993 to 16.3%
(95% Cl: 13.8%, 14.1%) in 2021 (Table 1; Figure 1; Supporting
Information: Table S1). The states with the greatest decrease in the
prevalence of severe stunting (not considering UTs since they had no
data before 2016) were Chhattisgarh with an SAC of -0.78pp and
Uttarakhand with an SAC of -0.78pp. The state with the highest SAC
(highest average annual increase) for severe stunting was Sikkim at
0.34pp (Table 4). While severe stunting has on the whole decreased
over the past three decades, the 2016-2021 time range has seen an
increase in severe stunting for several regions. There was an annual
average increase of >1.00pp in severe stunting between 2016 and
2021 in Assam, Himachal Pradesh, Meghalaya, Mizoram, Nagaland,
Sikkim, Telangana, Tripura, West Bengal, Jammu & Kashmir, Ladakh,
NCT of Delhi and Puducherry (Table 4).

3.2 | Patterns of change in underweight by severity

3.2.1 | Moderate underweight

The nationwide prevalence of moderate underweight decreased from
23.4% (95% Cl: 22.8%, 24.0%) in 1993 to 17.5% (95% CI: 17.3%,
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FIGURE 1 Summary distribution of prevalence for moderate and severe stunting, underweight and wasting across states and union

territories (UTs) of India, 1993-2021.

17.8%) in 2021 (Table 2; Figure 1; Supporting Information: Table S2).
The states with the greatest decrease in moderate underweight were
Tamil Nadu at —-0.44pp and Uttarakhand at -0.44pp. Nagaland had an
SAC of 0.07pp, indicating an increase in prevalence (Table 4). Com-
paring across outcomes in the 2016-2021 period, moderate under-
weight has seen the lowest SACs (greatest decrease in prevalence)
since 2016, with Arunachal Pradesh, Haryana, Madhya Pradesh, Ra-
jasthan and Uttar Pradesh all having an SAC of <-1.00pp between
2016 and 2021 (Table 4).

3.2.2 | Severe underweight

The nationwide prevalence of severe underweight decreased from
18.2% (95% Cl: 17.6%, 18.7%) in 1993 to 10.9% (95% Cl: 10.7%,
11.1%) in 2021 (Table 2; Figure 1; Supporting Information: Table S2).
The states with the greatest reduction in the prevalence of severe
underweight were Chhattisgarh at -0.61pp, Bihar at -0.61pp and
Madhya Pradesh at -0.60pp. Sikkim had the highest SAC (greatest
increase in prevalence) for severe underweight at 0.21pp. Barring
Kerala, Nagaland and Sikkim, all states have seen an annual average
decrease in severe underweight since 1993. However, during the
2016-2021 period, we saw annual average increases in severe un-
derweight in over half the regions, with Assam, Nagaland, Sikkim,
Andaman & Nicobar Islands, Dadra & Nagar Haveli and Daman & Diu,
Ladakh and Lakshadweep having SACs >0.9pp (Table 4).

3.3 | Patterns of change in wasting by severity

3.3.1 | Moderate wasting

Nationwide prevalence of moderate wasting decreased from 15.0%
(95% Cl: 14.4%, 15.6%) in 1993 to 12.3% (95% Cl: 12.0%, 12.5%) in
2021 (Table 3; Figure 1; Supporting Information: Table S3). The states
with the greatest decrease in the prevalence of moderate wasting were

Tamil Nadu at —0.36pp, Chhattisgarh at -0.29pp and Tripura at -0.28pp.
Telangana saw the greatest increase in the prevalence of moderate
wasting with an SAC of 0.32pp (Table 4). There have also been lower
SACs (greater reduction) for moderate wasting when considering the
2016-2021 period as compared to the total 1993-2021 period. For
example, Madhya Pradesh, Rajasthan, Sikkim and Telangana have all
seen an SAC of <-0.9pp in the 2016-2021 period, though their cumu-
lative SACs from the earliest-latest years are all >0.2pp, demonstrating

an increase and then reduction in moderate wasting since 1993 (Table 4).

3.3.2 | Severe wasting

Nationwide prevalence of severe wasting increased from 8.4% (95%
Cl: 8.0%, 8.9%) in 1993 to 9.4% (95% Cl: 9.2%, 9.6%) in 2021 (Table 3;
Figure 1; Supporting Information: Table S3). Mirroring the all-India
trend, a majority of states have seen a slight increase in severe wasting
since 1993. States with the greatest decrease in the prevalence of
severe wasting were Madhya Pradesh at -0.14pp and Rajasthan at
-0.13pp. The states with the highest SACs for severe wasting (greatest
increase in prevalence) were Assam at 0.27pp, Jharkhand at 0.30pp,
Sikkim at 0.33pp and Telangana at 0.29pp (Table 4). In the 2016-2021
time range, most states have seen a decrease in severe wasting. The
state with the greatest increase in severe wasting in the 2016-2021
time range was Sikkim with an SAC of 0.94pp (Table 4).

4 | DISCUSSION

These results contain three key findings. First, the study findings
reveal a significantly greater reduction in severe stunting and un-
derweight than moderate since 1993. On the other hand, the prev-
alence of severe wasting shows a slight increase since 1993, while
moderate wasting has decreased. Third, though most indicators of
CAF are noted to have decreased since 1993 (except for severe
wasting), there has been significant heterogeneity in SAC, with
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certain states noted to have a high reduction and other states noted
to have an increase in CAF. With varying regional levels of resources
and implementation processes, interregional differences in the
implementation of policy and management capacity can lead to wide
differences in health outcomes. We are not aware of any study that
has analysed anthropometric outcomes for 0-24 months segmented
by severity for India, its states and its union territories using the most
recent data. Therefore, these estimates can help states implement
more tailored nutrition and health interventions, taking into account
the severity of anthropometric failure (Ray, 2011).

Over the past few decades, India has launched national programs
to address the direct and underlying determinants of child under-
nutrition. The most recent effort was the 2017 launch of a nutritional
program referred to as POSHAN Abhiyaan, which aimed to address
malnutrition by targeting the reduction of stunting, undernutrition,
anaemia and low birth weight in children (Ministry of Women and
Child Development, 2019). Analysis of data reveals the ongoing
programs appear to have been most effective in reducing severe and
moderate stunting and underweight, while the impact on severe
wasting has remained a concern. Since stunting reflects chronic un-
dernutrition, while wasting reflects acute undernutrition to a greater
extent, the findings suggest that governmental interventions have
been more effective for the former (Kerac et al., 2020).

An examination of the SAC of states and reduction of moderate
child malnutrition rates could be attributed to higher investment by
state governments in programs to combat undernutrition. For ex-
ample, Tamil Nadu (SAC of -0.44pp since 1993 for moderate un-
derweight) has the longstanding state-led Tamil Nadu Nutritional
Program targeting malnutrition in several thousand villages
(Heaver, 2002). During the pandemic, Rajasthan (SAC of -1.00pp of
moderate underweight in the 2016-2021 time period) launched the
Indira Rasoi Yojana program in 2020 to distribute and subsidize fresh
and nutritious food to target malnutrition (Sarva et al., 2019). While
these state interventions may have had an impact on CAF reduction,
other factors such as shifts in economic and demographic makeup of
states could also have played a role (Sen & Mondal, 2012).

When examining the states that have seen the highest SACs in
severe child malnutrition since 1993, the eight states deemed as
‘Empowered Action Group’ (EAG) states (Assam, Bihar, Chhattisgarh,
Jharkhand, Madhya Pradesh, Odisha, Rajasthan, Uttar Pradesh and
Uttarakhand) are noted to have a higher SAC (greater reduction in
prevalence) for severe stunting and underweight. The findings indi-
cate that possibly these states may have improved their outcomes
over the years with the special resources provided by the Ministry of
Health. These EAG states also have stricter monitoring through
policies such as the federal Janani Surakhsa Yojana scheme that
provides cash assistance to pregnant women. The National Rural
Health Mission also targeted the health of the rural population,
having results like an increased number of public sector institutional
deliveries from 2004 to 2014 (National Rural Health Mission Annual
Report, 2012; Bhavan, 2005; Dhingra & Dutta, 2011; Joe
et al,, 2018). The problem of moderate undernutrition in the EAG
states has, however, not correspondingly decreased. Jharkhand, for
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example, has seen a 0.40pp reduction in severe stunting but little
reduction (-0.06pp) in moderate stunting since 1993. These results
could suggest these national programs focusing on EAGs have been
more effective at higher severities than moderate severities. The key
reasons contributing to such a situation, however, need to be
analysed further.

In India, stunting SACs since 1993 were noted to be -0.16 for
moderate and -0.23 for severe, both indicating a reduction in prev-
alence. Previous studies have compared India to other countries on
anthropometric outcomes (Mejia-Guevara et al., 2018). For example,
in an analysis of stunting in children aged 6-23 months from 1991 to
2014, Bangladesh's stunting annual average reduction (AAR) was
found to be 2.9 percentage points per year (pp), which was 2.23
times higher than India's stunting AAR of 1.3pp. Pakistan's stunting
AAR (0.6pp) was 2.17 times lower than India's (Krishna et al., 2018).
However, these results show significant interregional variation in
outcomes across states in India. For example, Uttarakhand SAC for
severe stunting (0.78pp) was 3.39 times higher than the national
(0.23pp) and its AAR for moderate stunting (0.37pp) was 2.31 times
higher than the national (0.16pp)—more comparable to Bangladesh's
rate of reduction. Mizoram's SAC for severe stunting (0.12pp) was
1.92 times lower than the national (0.23pp) and its SAC for moderate
stunting (0.06pp) was 2.67 times lower than the national (0.16pp)—
comparable to Pakistan's.

These findings should be contextualized with some limitations.
First, the 1993 survey omitted child height or weight for many states,
leading to a sparser sample population in that year. Second, older
surveys had incorrect ages, which led to wider tails in the height-for-
age and weight-for-age distributions, a change that could cause
higher apparent stunting and underweight prevalences, especially in
the severe categories (Pullum & Staveteig, 2017). Therefore, since
the earlier estimates may be exaggerated to a greater extent, the
observed reduction in stunting and underweight over time may be, in
part, a reflection of improved age measurements. Third, NFHS-5 was
disrupted due to COVID-19; commenced in 2019, it paused and
resumed in late 2020-21. Studies have shown that some anthropo-
metric indicators were affected by the pandemic, such as the prev-
alence of underweight seeing a 1.87% increase from 2019 to 2021
(Ko et al., 2023). Further studies should investigate any influence of
the pandemic on severe and moderate anthropometric failure, both
positive influence due to newly created governmental health inter-
ventions and negative influence due to economic crisis and
unemployment (Ghosh et al., 2020). Fourth, the wasting can vary
from season to season and surveys were conducted in different
regions in different seasons (Dwivedi et al., 2023). NFHS is still
considered to be a reliable, good-quality data source for analyses on
child anthropometric outcomes (Assaf et al., 2015). Fifth, due to the
variability in state populations, some estimates are calculated on
smaller sample sizes (Supporting Information: Tables S5-57).

Reduction in the prevalence of underweight and stunting suggests
that governmental interventions since 1993 have broadly resulted in
better nutrition for India's children. However, this paper shows some

regions still lagging behind in anthropometric outcomes especially
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when segmenting by severity, suggesting that policymakers should
target those regions with interventions that improve access to nutri-
tious food. State- and regional-level NFHS data have often been
helpful in informing regional policy, from finding regional disparities in
under-five mortality to addressing micronutrient deficiency variation
across states (Bora, 2020; Sharma et al., 2020). Improving children's
nutrition can then reduce the prevalence of anthropometric failure.
Access to food, however, is not the only determinant. In addition to
undernutrition, anthropometric outcomes are also impacted by infec-
tions. Undernourished children are more likely to suffer undernutrition,
and infections can cause undernutrition through malabsorption,
reduced appetite and energy being diverted from growth to fight off
infections, as observed in one study of children in Tehran (Nematian
et al., 2008). Parental nutritional status and household socioeconomic
conditions were also shown to be correlated with anthropometric
failure in stunting, underweight and wasting in a study of 35 low- and
middle-income countries (Li et al., 2020). Targeting not only under-
nutrition but also infections and socioeconomic well-being of families

can help improve these outcomes.
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