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ABSTRACT

Introduction and aim. The high prevalence of childhood undernutrition continues to be a major public health issue in India.
This systematic and meta-analysis study employed both the composite index of anthropometric failures (CIAF) and convention-
al to determine the magnitude of undernutrition in Indian children.

Material and methods. A comprehensive literature search was conducted from 2005 to June 2023 using electronic databases,
including Google Scholar, Web of Science, SCOPUS, PubMed, J-Gate, and ScienceDirect. A random-effects model for pooled
prevalence rates was generated and heterogeneity was assessed using the I? index and Q statistics.

Analysis of the literature. CIAF revealed a higher prevalence of undernutrition than conventional anthropometric indices in
children aged 0 to 72 months. The combined prevalence of stunting and underweight was 37% (95%Cl: 0.32-0.41), and wasting
was 22% (95%Cl: 0.18-0.25) (p<0.01). However, according to CIAF categorization, the pooled prevalence of undernourishment
was reported to be 55% (95% Cl:0.50-0.60; p<0.01). CIAF’s higher prevalence highlights its effectiveness in capturing childhood
undernutrition, accounting for children with multiple concurrent nutritional deficiencies in population.

Conclusion. This systematic review and meta-analysis investigated the assessment of undernutrition using conventional an-
thropometric indices compared with CIAF, which aggregate different aspects of undernutrition, especially when children have
multiple undernutrition issues. Appropriate, target-specific interventions are necessary to improve the overall nutritional status
of Indian children.

Keywords. child undernutrition, composite index of anthropometric failure, meta-analysis, nutritional status, public health,
systematic review

Introduction

India has the world’s largest population and fast-
est-growing economy yet continues to struggle with
access to nutrition and healthcare services.'* Undernu-
trition is a condition that occurs when an individual’s
nutritional requirements are out of coherence with their
intake.* The prevalence of undernutrition becoming a
severe public health issue concerns Indian children as
well, classified as one of the causes of child mortality,

and increasing the chances of illness burden. Despite
significant economic growth, the magnitude of child
mortality remains high due to undernutrition.” How-
ever, undernutrition is closely linked to factors such as
poverty, socio-economic disparities, and demograph-
ic conditions.*'* The Comprehensive National Nutri-
tion Survey (2016-2018) found that 38% of children
(<5 years) are stunted and that 35% are underweight
among Indian children."*** The second major target of
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the Sustainable Development Goal, is to alleviate fam-
ished factors and improve nutritional status.'®'” The
conventional anthropometric indices of stunting (low
height-for-age), underweight (low weight-for-age), and
wasting (low weight-for height) are widely used around
the world to assess the severity of childhood undernu-
triton.'”!® Children who are undernourished in various
undernutrition indices are not accurately represented
by these conventional anthropometric indices due to
the overlapping nature of assessment.>'*?* The Com-
posite Index of Anthropometric Failure (CIAF) ofters
the overall magnitude of undernutrition as an aggre-
gate single measure over conventional anthropomet-
ric indices, contributing to the identification of single,
double or multiple anthropometric failures in children.
Further, the CIAF, a typical anthropometric measure
consisting of seven categories, evaluates the prevalence
of stunting, wasting, and underweight in children in
several combination measures and presents an addi-
tional and reliable measure to ascertain the actual de-
gree of undernutrition.'s>*

This systematic review and meta-analysis examined
undernutrition status using both conventional anthro-
pometric indices and CIAF among children in India.
When a child’s measurements deviated from the mean
by more than minus two standard deviations (-2SD), this
may indicate that they might be lacking in important
nutrients and food intake in their first phase of life.'®>*
The included studies have examined different groups of
children using both nutritional assessment approaches
(i.e., conventionally used anthropometric measures and
CIAF) to observe how many of them had nutritional de-
ficiencies or undernutrition. It is interesting to note that
using the CIAF method frequently showed that there
were significantly more undernourished children than
when using only conventional measurements.>*-2130-42
The present study focuses on the use of both conven-
tional anthropometric indices and CIAF as a measure of
child undernutrition in India. The main objective of this
study is to determine whether the CIAF provides a more
accurate estimate than conventional anthropometric in-
dices of child undernutrition. Moreover, by improving
the accuracy of our assessments, target-specific inter-
ventions and policies can be made that are more ef-
fective and directly aimed at reducing child mortality,
nutritional and disease burden. Nandy et al. reported
that in order to address undernutrition in India, a study
should ascertain the extent of the issue, which has been
grossly underestimated.’

A newly proposed composite measure of CIAF pro-
posed by Nandy et al. assigns a single combined value to
the undernourished children in a population, which has
identified that the CIAF reveals a more alarming preva-
lence of undernutrition after studying data from 24,396
Indian children.’ In comparison to commonly utilized

measures of stunting (45%), underweight (47%), and
wasting (16%), the CIAF estimates that 60% of children
show anthropometric failures in different categories of
undernourishment in children. This novel method en-
ables us to gain a deeper understanding of and recog-
nize more children who are found to be susceptible and
who require nutritional assistance.’*!*2»23344249 I order
to provide a more thorough understanding of the prev-
alence of undernutrition in India, the present study was
designed around this premise. In addition, despite nota-
ble economic growth, the country continues to struggle
with this significant health issue, with a high prevalence
(>40.0%) of children under the age of five suffering from
undernutrition in India.}#20-22:2433,3537.42464850-58 A ccord-
ing to the National Family Health Survey (NFHS)-4,
stunting was 38.4% and decreased to 35.5% in NFHS-
5, wasting was 21% in NFHS-4 and reduced to 19.3%
in NFHS-5, and underweight was 35.8% in NFHS-4
and 32.1% in NFHS-5. While all three indicators of un-
dernutrition have decreased, but the overall prevalence
remains high, indicating that both chronic and acute
undernourishment affect a considerable proportion of
children under the age of five in India.”

Aim

It is imperative to investigate the relationship between
undernutrition and its concomitant factors, particular-
ly how these factors vary across nutritionally vulnerable
populations. Given the foregoing, the present systematic
review and meta- analysis employed both conventional
anthropometric measures (i.e., stunting, underweight,
and wasting) and CIAF in children to determine the
magnitude of undernutrition across various geograph-
ical regions in India. Furthermore, this study compares
the outcomes of conventional anthropometric indices,
and the CIAF approach to determine which method is
more accurate to determine the actual magnitude of un-
dernutrition to implement any appropriate nutritional
intervention in the target population. Further, this sys-
tematic review and meta-analysis also aims to contrib-
ute to the development of focused interventions that
can lower morbidity and disease burden by providing a
thorough understanding of undernutrition and assess-
ments among children in India.

Material and methods

Search strategy

Between 2005 and June 2023, a thorough literature
search was carried out using international search en-
gines or databases, including Google Scholar, Web of
Science, Scopus, PubMed, J-Gate, and ScienceDirect.
The Medical Subject Headings (MeSH) terms CIAFE,
OR “Childhood Anthropometric Indices of Failure”,
OR “Anthropometric Failure in Children”, OR “Child-
hood Growth Failure”, OR “Malnutrition in Childhood”,
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“Under Five Composite Index of anthropometric fail-
ure AND undernutrition” OR “Childhood undernutri-
tion Composite Index” OR “Anthropometric Failure in
Under-Five Children” OR “Under-Five Growth Failure”
OR “Under-Five undernutrition”, “0-72 months” OR
CIAF AND “Composite Index of anthropometric fail-
ure AND undernutrition” OR “Anthropometric Failure
in Children aged 0 to 72 months” OR “Growth Failure in
Infants and Young Children” OR “CIAF and Nutritional
Deficiency” OR “Undernutrition with Anthropometric
Fajlure” OR “Malnutrition with Anthropometric Fail-
ure”, “Childhood Undernutrition” OR “Undernutrition
in Children” OR “Nutritional Deficiency in Childhood”
OR “Child undernutrition” OR “Severe undernutrition
in Childhood” OR “Weight-for-height deficit in Chil-
dren” was combined within the search strategy along
with “India” In order to find additional studies, the pres-
ent systematic review and meta-analysis study applied
the snowball technique to search the list of pertinent
references that were cited in the published manuscripts
selected for the analysis. To ensure the rationale of the
studies, this systematic review excluded un-reviewed ar-
ticles, conference abstracts, and dissertations and the-
ses. The entire set of search results is then transferred,
and duplicates are removed using the reference manage-
ment program Endnote 21.0.1.° The eligibility of the re-
maining references was further examined by following
the protocols of inclusion and exclusion.

Protocols of inclusion and exclusion

Study design

Studies included in this analysis had to offer primary in-
formation on anthropometric indices and child health
parameters. Both cross-sectional and longitudinal re-
search investigations had been taken into consider-
ation.*?**” Review articles, editorials, pieces of opinion,
and studies that lacked primary data were all disquali-
fied for the meta-analysis.

Population

The studies focused on children aged 0-72 months
during the study period; priority for cross-sectional
studies was considered. Studies focusing on higher age-
groups or non-Indian populations with specific health
conditions unrelated to the parameters of interest were
excluded.

Time period

The present systematic review and meta-analysis study
has included the studies published from 2005 to 2023.
Search results declared zero results, which indicated
that no study was found that applied both convention-
al and CIAF among Indian children (0-72 months) be-
fore 2005.

Anthropometric variables

In research articles that examined stunting, under-
weight, wasting, and CIAF, these parameters were re-
quired to be clearly defined and measured in the studies
(Table 1). Studies that were not examined or examined
only one of the parameters were excluded.

Data availability

The studies reported the total number of cases and pro-
vided specific values for each anthropometric measure
along with the population distribution based on the age
parameter (0-72 months). The research articles that did
not report the total number of cases or participants or
did not provide specific values for the indices were also
excluded.

Eligibility criteria

Research studies that take into account the age range of
0 to 6 years and household surveys in India were includ-
ed if they demonstrated the distribution of CIAF along
with the conventional anthropometric measures of nu-
tritional status (e.g., stunting, underweight, and wast-
ing). The NFHS data have been used for selected studies
that followed the above-mentioned study criteria. Arti-
cles reflecting upon only the CIAF or other single an-
thropometric indices were removed.

Table 1. Classification of Anthropometric failure assessed
by CIAF (classification based on Nandy et al.®)

Group Description Wasting Stunting Underweight
name
A Nofailure: children whose height and weight No No No
are above the age-specific norm (i.e., above
— 2z-scores) and do not suffer from any
anthropometric failure.
B Wasting only: children with acceptable weight Yes No No
and height for their age but who have subnormal
weight for height.
€ Wasting and underweight: children with above- Yes No Yes
norm heights but whose weight for age and
weight for height are too low.
D Wasting, stunting, and underweight: childrenwho ~ Yes Yes Yes
suffer from anthropometric failure on all three
measures.
B Stunting and underweight: children with low No Yes Yes
weight for age and low height for age but who
have an acceptable weight for their height.
F Stunting only: children with low height for their No Yes No
age but who have acceptable weight, both for
their age and for their short height.
Y Underweight only: children who are only No No Yes
underweight.
Study selection

Two authors independently reviewed the published titles
and abstracts. Both authors independently determined
whether or not to include the possibly eligible research
articles after acquiring their full-texts. Any disagree-
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ments among the authors were considered at each level of
screening, and their consensus was used to establish the
eligibility and inclusion of all listed publications. The au-
thors, on the other hand, used risk-of-bias methodologies
to meticulously analyze the quality assessments of pub-
lished studies. The studies were limited to those published
in English for the sake of research simplicity.

Initial screening

Following the literature search, the titles and abstracts
of the retrieved references are reviewed to eliminate any
unnecessary research and reduce the chance of bias and
inaccuracies in the studies. The research studies that
look at both conventional anthropometric indicators
and CIAF are used to determine qualifying study lev-
els. This could include studies on undernutrition in the
target population. Relevant primary studies with diverse
study designs, such as randomized controlled trials, co-
hort studies, case-control studies, or cross-sectional
studies, were examined for inclusion in the study design.
Studies that meet the inclusion criteria or demonstrate
potential relevance go on to the next stage of the evalu-
ation process. Full-text publications from these chosen
studies are retrieved and given a more thorough eval-
uation before being included in the systematic review.

Full-text screening

The full-text of any potentially eligible studies is then
obtained from electronic databases. Each study was
thoroughly reviewed to ensure that it met the inclusion
criteria. During these stages, the research articles were
meticulously checked to ensure they met the require-
ments. The present study specifically examined wheth-
er the chosen studies took into account children aged
0-6 years, carried out household surveys, and displayed
the distribution of the CIAF along with stunting, un-
derweight, and wasting. Furthermore, researchers made
certain that the studies were written in English for ease
of comprehension and further analysis. The number of
excluded studies and the reasons for exclusion were re-
ported using the standard Preferred Reporting Items for
systematic reviews and meta-analyses (PRISMA) guide-
lines (Fig. 1).¢! This stringent full-text screening process
ensured that only the most relevant and high-quality
studies were included in the final analysis, improving
the validity and reliability of our research findings.

Data extraction

Data for this analysis were precisely and conscientious-
ly collected from 49 studies and research articles that
presented the findings of CIAF and conventional an-
thropometric measures focused on child undernutri-
tion assessment and were done between 2005 and 2023.
Google Scholar, J-Gate, PubMed, Science Direct, SCO-
PUS, and Web of Science were among the electronic da-

tabases searched; however, the search was confined to
the keywords following the MeSH terms. The present
investigation identified similar networking terms and
built the search strategy around them. The following in-
formation was gathered from each study that followed
the STROBE guidelines and basic study details are in-
cluded in the Excel sheet, including the initial author,
year of publication, study location, total cases, and con-
ventional anthropometric indices, including CIAE

Records identified through Additional records identified
database searching through other sources
(n=463) (n=2)

A

Records after duplicates removed
(n=282)

4

Records screened Records excluded

(n=183) (n=108)

Y
Full-text articles assessed Full-text articles excluded,
for eligibili with reasons
n=175) (n=26)

Y

Studies included in qualitative synthesis
(n=49)

4

Studies included in
quantitative synthesis
(meta-analysis)
(n=49)

Fig. 1. The PRISMA flowchart illustrates the step-by-step
process of study selection based on predefined exclusion
and inclusion criteria for the systematic review

Data analysis

The R-statistical programming language was used to
analyze the data.®>® This systematic review utilized the
R-packages ‘metadata’ and ‘meta’, which provide a variety
of functions for conducting meta-analysis, by importing
the prepared Excel file and calculating the pooled preva-
lence rates of stunting, underweight, wasting and CIAF
using a random effect model because the random effect
model considers both within-study and between-study
variability. A significant amount of statistical heterogene-
ity was also estimated. The I*index and Q statistics were
calculated for all of the studies to quantify their hetero-
geneity. Stunting, underweight, wasting, and CIAF had I?
values of 99% and 98%, respectively, indicating the de-
gree of heterogeneity between signifying anthropometric
indices across studies. This systematic review further ex-
amined potential publication bias using funnel plots. The
goal of this test is to detect the small study effect, which
can indicate publication bias. Finally, the present study
used forest plots to visualize the results of the heteroge-
neity between the studies. The size of each square box in
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the plot corresponds to the study’s sample size, and the
lines extending from each side of the square boxes rep-
resent the 95% confidence interval (CI), percent weight,
pooled estimate with 95% CI, significance of Chi-square
statistics, and I? statistics. The square boxes also represent
each study’s 95% CI and 95% weight. The goal of the me-
ta-analysis used in this study was to compile and produce
the information contained in the CIAF and other conven-
tional anthropometric indices.

Analysis of the literature
The results are based on research conducted on the prev-
alence of undernutrition in Indian children. This present
study initially located 463 records in this systematic re-
view using various electronic databases. Finally, 52 popu-
lation or study groups (49 total studies) in total, including
cross-sectional studies, were selected for this systemat-
ic review and meta-analysis study. The present study has
identified that, of the 49 studies, 37 reported undernutri-
tion assessments in accordance with WHO child growth
standards (1995, 2006), and 12 articles reported using the
National Centre for Health Statistics (1977) growth stan-
dard. This was after carefully examining the research arti-
cles in accordance with the inclusion criteria. There were
3,56,957 participants in total. There were 2,48,055 chil-
dren between the ages of 0 and 72 months in the largest
study.* The present study divided the studies into three
sub-groups based on the search period, which was from
2005 to 2023. Sub-group 1 was the initial stage for con-
ducting research on and publishing the CIAFE, with stud-
ies ranging from 2005 to 2010. Sub-group 2 includes
studies from 2011 to 2017 and represents the middle of
publications in which researchers recognize CIAF as a
valuable indicator of childhood undernutrition. The most
recent stage of the investigation is Sub-group 3, which in-
cludes research from 2018 to 2023. By dividing the time-
line into three groups, the present study can estimate the
trend, development, and shifts in anthropometric indi-
ces over time. The present study adhered to the guidelines
provided by PRISMA and the Meta-Analysis of Observa-
tional Studies in Epidemiology.®

According to this systematic review analysis, the
prevalence of stunting, underweight, and wasting is
depicted in Figures 2-4 and Table 2, respectively. The
pooled prevalence of stunting was 36.31% (95% CI:
0.3191-0.4097, 1>=98.3, H=7.59, p<0.001). In the case
of underweight, it was 36.93% (95% CI: 0.3312-0.4091,
I’=98.4, H=7.86, p<0.001), while wasting was 20.52%
(95% CI: 0.1765-0.2372, 1*°97.5, H=6.36, p<0.001).
However, the magnitude of CIAF (Fig. 6) was observed
to be significantly higher (i.e., 54.80%, 95% CI: 0.4965-
0.5985, 1°=97, p<0.001) than the child undernutrition
assessed utilizing conventional anthropometric mea-
sures. The test of heterogeneity analysis using Wald and
the Likelihood Ratio Test (LRT) both yielded highly sig-

nificant values, indicating substantial variability across
studies in both conventional anthropometric measures
and CIAF (p<0.01).

Based on a random-effects model, the analysis be-
tween six geographical regions revealed significant het-
erogeneity, with I’=99.6% (tau® values: 0.0272 and 0.0007).
The Q-test yielded a significant value of 809.59, indicat-
ing significant variation across regions. The Q-value for
the between-group analysis was 21.04 (d.f., 6; p<0.01),
indicating significant regional variability. The overall
findings revealed 59% (95% CI: 0.56-0.62, I’=100), indi-
cating a significant difference among the reported studies
(p<0.01) (Table 3). However, region-specific analysis re-
vealed that the northern region had a 60% (95% CI: 0.48—
0.72, I*=96, p<0.01) distribution, the central region had
a47% (95% CI: 0.26-0.68, 1>=100, p<0.01) distribution,
the eastern region had a 51% (95% CI: 0.44-0.57, I’=96,
p<0.01) distribution, and the western region had a 60%
(95% CI: 0.32-0.68, I>=97, p<0.01).

The results showed significant variations in preva-
lence rates of CIAF across the regions of India. The large
variation in most countries highlights the importance of
taking regional variables into account when managing
childhood undernutrition and single, double, or multiple
anthropometric failures. This systematic review and me-
ta-analysis has derived that four of the forty nine studies
were designated as “India,” with four studies conducted
in the Northern region of India (Region 1),%%%¢ five
in the Central region (Region 2)**#47°1% pineteen in the
Eastern region (ReglOl’l 3))19,3l734,42,43,49,50,53756,58,69773 two ln
the North Eastern region (Region 4)*** nine in the West-
ern region (Region 5)*737:3*41467476 and six in the South-
ern region (Region 6).2%777°

Table 2. This table presents the results of quantifying
heterogeneity and conducting tests of heterogeneity
for four anthropometric indices (stunting, underweight,
wasting, and CIAF) in a systematic review with 52 included
studies and a total of 356,957 observations. The proportion
is represented with 95% Cl for each index

(a) No of studies‘K'=52, (b) No of Observation ‘0'=356957, (c) Proportion=95% Cl

Quantifying Heterogeneity Test of Heterogeneity
"E o No
g =5 offvent Random taw tau P H Q df p
£ 0
<<

2 Wald 204144 51 0001
€ 1428345 03631 04969 07049 98.3% 7.59
& LRT 316260 51 0001
= Wald 315401 51 0001
£ 1348932 03693 03693 05985 98.4% 7.86
E [RT 322658 51 0001
o Wald  2059.81 51 0001
B 7320673 02052 04388 06624 97.5% 636
= LRT 208460 51 0.001
o Wald 198266 51 0001
Z 201887 05480 05573 07465 974% 624

LRT 245217 51 0.001
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Table 3. This table presents the results of the meta-
analysis conducted in different regions, analyzing

the prevalence of the CIAF index. The table includes
information on the number of studies (K) in each region,
the estimated proportion value, the 95% Cl, and measures
of heterogeneity (tau? and tau)

Regions K. 95%C  taw’  tau Q r Peeen
proportion grodps

India 4 05889 0.0007 00272 809.59 99.6

Region 1

North 4 0.6014 00131 01146 7215 958

Region2 04721 00559 02365 95190 99.6

(Central) Q=21.04

Region 3

(E) b1 05058 00218 01476 55883 %64 .

Region 4

(N. East) 2 04587 ’ ’ " . 000

Region3 06014 00131 0.1143 30904 974

(West)

Region 6 7 06034 00382 0.1954 596.45 99.0

(South)

Table 4 shows that sub-group 1 (2005-2010) in-
cluded a total of seven investigations. The CIAF was ob-
served to have a proportionate value of 0.5613 (95% CI:
0.0517 to 0.2275). The tau? and tau values were 0.2275
and 0.0517, respectively, indicating the level of variation
or heterogeneity among the investigations. The hetero-
geneity test yielded a statistically significant Q-value of
1993.88 and an I* score of 99.7. These results indicate
that there was a lot of variation among the trials in this
sub-group. The present study examined 18 studies in
the second sub-group (2011-2017). The calculated pro-
portion value for the CIAF was 0.5839, with a 95% CI
ranging from 0.0121 to 0.1098. Tau? and tau were both
0.1098 and 0.0121, respectively. The heterogeneity test
revealed a Q value of 328.68 and an I? value of 94.8.
These findings indicate that there was significant diver-
sity among the studies in this sub-group as well. Sub-
group 3 (2018-2023) had 27 studies and the calculated
proportion value for the CIAF index was 0.5163, with
a 95% CI of 0.0231 to 0.1519. Tau? and tau were both
0.1519 and 0.0231, respectively. The heterogeneity test
yielded a Q-value of 1787.24 and an I*value of 98.5. The
sub-group results show variable proportion values for
the CIAF throughout time periods. For between-group
heterogeneity, the Q-value was 2.82 (d.f., 2; p>0.05). As
a result, while each sub-group exhibits high heteroge-
neity within itself, there is an insignificant difference
in heterogeneity between sub-groups, showing that the
variability reported in the research is unaffected by time
periods (Fig. 5-7).

Eggers’ test was used for each anthropometric mea-
sure to quantify publication bias, as shown in (Table 5).
The publication bias indicates a nominal result that was
statistically insignificant for all outcomes (p>0.05). Each
anthropometric index’s p-value is greater than the sig-

nificance level of 0.05. To clarify further, the present
study has calculated and plotted a funnel plot (Fig. 8),
which highlights any potential publication bias or small
study impacts. The funnel plot displays the effect size or
bias, on the horizontal axis and the standard error of the
effect size on the vertical axis.

Table 4. The results of the meta-analysis conducted on
three sub-groups based on studies conducted in different
time periods (2005-2023), which were majorly categorized
as initial, mid, and advanced, referring to the research and
publication phase, sub-group 1 (2005-2010), sub-group
2(2011-2017), and sub-group 3 (2018-2023). Each sub-
group consists of a specific number of studies (K) and a
proportion value with a 95% Cl for the CIAF.

Sub-groups K‘ 95%Cl taw® tau Q P Between
proportion groups

Sub-group 1

(2005-2010) 7 05613 0.0517 0.2275 199388 99.7 (=282,

SU-GOUPL 14 05a30 00121 01098 32868 948  df,=2

(2011-2017) : X : : : £,=2,

Sub-group 3

) X . . 5 p=0.2437
(2018-2023) 27 0.5163 0.0231 0.1519 1787.24 98.5

Table 5. Anthropometric indices and publication bias
assessment using Egger’s test

Anthropometric Indices Bias (95% Cl) p
Stunting -0.1601 (1.1823-0.0293) 0.8928
Underweight 1.2230(1.2127-0.0303) 0.3181
Wasting 0.2911(0.9870-0.0296) 0.7693
CIAF 0.1327 (0.9681-0.0236) 0.8916
Discussion

Child undernutrition remains a serious public health
issue in low-to middle-income countries, which has a
significant adverse impact on health status by increas-
ing morbidity, mortality and disease burden.*”>* Ac-
cording to the findings, children utilizing CIAF showed
a significantly greater prevalence of undernourishment
than children using conventional anthropometric in-
dicators such as stunting, underweight, and wasting
in India (Fig. 9). The present study also found that the
proportion of children facing undernutrition was nota-
bly higher in various Indian regions (Fig. 10): among
urban, rural, slum and tribal children less than 6 years
old, 59.8%, 5.9%, 58.64%, 61.8%, and 55.32% respec-
tively, 230444831 under 6 years old slum children in Tam-
il Nadu 68.6%*, Gujrat, 60.5% and 73.4%,*”* Jammu
and Kashmir 73.2%,% Maharashtra 47.8%,3 West Ben-
gal 41.2%, 43.5%,>> and 24.16%,*" Telangana 39.6%*:
under 6 years of age, tribal children of Assam is 28.6%,
51.0%,>% Kerala 41.1% and 66.9%,”” Maharashtra, 38%
and 66%,>”¢ Odisha 54.4%,”” West Bengal 66.3% and
69.6%**: among the urban children’s younger than 6
years, the CIAF proportions in Andhra Pradesh 56%,™
Chhattisgarh 54.16%,*” Delhi 62% and 60.5%,**° Kar-
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Study Events Total Proportion 95%-Cl
Nandy et al. 11027 2439 0.45 [0.45; 0.46)
Seetharaman et al. 196 405 ] 0.48 [0.44; 053]
Kumar et al. 151 n E 3 041 [0.36; 0.46)
Das etal. 136 347 = 0.39 [0.34;0.44]
Mandal et al. 269 1012 0.27 [0.24;0.29)
Sadaruddin etal.. 972 2016 048 [0.46; 0.50]
Gaiha et al. 4881 13524 0.36 [0.35;0.37]
Mukhopadhyayet al. 94 188 E B 0.50 [0.43; 0.57]
Nandy et al. 21917 45377 048 [0.48;0.49]
Sinha et al. 267 658 = 041 [0.37;0.44]
Acharya et al. 69 225 = 0.31 [0.25;0.37)
Anwar et al. 208 483 ] 043 [0.39; 048]
Dasgupta et al. 17 113 E B 0.15 [0.10; 0.23]
Talapalliwar et al. 359 540 = 0.66 [0.62;0.70]
Solanki et al. 186 372 = 0.50 [0.45; 0.55]
Boregowda et al. 282 602 = 047 [0.43; 0.51]
Das et al. 153 514 | ] 0.30 [0.26; 0.34]
Dewan et al. 107 250 : B 043 [0.37;0.49]
Jaiswal etal. 101 240 LB 042 [0.36; 0.48]
Savanur et al. 214 634 = 0.34 [0.30; 0.38]
Dhok et al. 89 256 : 3 0.35 [0.29;0.41]
Santhosh et al. 64 81 = 0.79 [0.68; 0.86]
Goswami 44 136 5 0.32 [0.25;041]
Guptaetal. 43 100 . 043 [0.34;0.53]
Rastogi et al. 86 121 & 0.71 [0.62;0.78]
Gupt etal. 299 510 - 0.59 [0.54;0.63)
Namburi et al. 36 100 B 0.36 [0.27; 0.46]
Roy etal. 24 142 & 017 [0.11;0.24]
Sadaruddin et al. 172 656 | 0.26 [0.23;0.30]
Kramsapi et al. 142 400 3 0.35 [0.31; 0.40]
Bharali et al. 131 362 3 0.36 [0.31;041]
Roychoudhury et al. 21 129 E = 0.16 [0.11;0.24]
Sinha etal. 337 836 E 0.40 [0.37;0.44]
Titoria et al. 118 265 R 2 0.45 [0.39;0.51]
Lahiri et al. A 97 - 0.32 [0.23;042]
Sabu etal. 79 151 L o 0.52 [0.44; 0.60]
Sabu etal. 46 163 : 0.28 [0.22; 0.36]
Stiller et al. 159 307 & 0.52 [0.46; 0.57]
Tathe etal. 26 72 - 0.36 [0.26; 048]
Das etal. 22 12 : 0.20 [0.13;0.28]
Das et al. 0 12 = 0.00 [0.00; 0.07)
Dasqgupta et al. 32 15 - 0.28 [0.20; 0.37]
Devika etal. 150 300 & 0.50 [0.44; 0.56]
Jeyakumar et al. 277 577 i 048 [0.44;0.52)
Kochupurackal et al. 95253 248055 0.38 [0.38; 0.39]
Sharma et al. 73 182 B 0.40 [0.33;047)
Uvarani 204 654 L | 0.31 [0.28; 0.35)
Mhatre et al. 3049 8542 0.36 [0.35;0.37]
Mohandas et al. 64 310 L 3 0.21 [0.17;0.26)
Biswas et al. 120 607 | | 0.20 [0.17;0.23]
Parui et al. 16 120 = 0.13 [0.08;0.21]
Parui et al. 22 120 E o 0.18 [0.12;0.26)
Random effects model 356957 * 0.36 [0.32; 0.41]
Heterogeneity: I = 98%, t* = 04969, p = 0

02 04 06 08

Fig. 2. The forest plot presents the results of the meta-analysis conducted on the variable stunting using a random-effect
model. The plot displays individual study estimates (represented by squares) of the effect size, along with their corresponding
95%Cl represented by horizontal lines.
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Study Events Total Proportion 95%-Cl
Nandy etal. 11027 24396 : 045 [0.45; 0.46]
Seetharaman et al. 196 405 i 048 [0.44;053]
Kumar et al. 151 3in E 3 0.41 [0.38; 0.46]
Dasetal 136 347 &+ 0.39 [0.34; 0.44]
Mandal et al. 269 1012 i 0.27 [0.24;0.29]
Sadaruddin et al.. 972 2016 i 048 [0.46; 0.50]
Gaihaetal. 4881 13524 0.36 [0.35; 0.37]
Mukhopadhyayet al. 94 188 i o 0.50 [0.43;057]
Nandy et al. 21917 45377 : 048 [0.48; 0.49]
Sinha et al. 267 658 E 041 [0.37; 0.44]
Acharya et al. 69 225 : 1 0.31 [0.25; 0.37]
Anwar et al. 208 483 B ] 043 [0.39; 0.48]
Dasgupta et al. 17 13 5 0.15 [0.10; 0.23]
Talapalliwar et al. 359 540 i - 0.66 [0.62;0.70]
Solanki et al. 186 372 . 0.50 [0.45; 0.55]
Boregowda et al. 282 602 . 047 [0.43;051]
Dasetal 153 514 | H 0.30 [0.26; 0.34]
Dewan et al. 107 250 B 2 043 [0.37; 0.49]
Jaiswal etal. 101 240 i 042 [0.36; 0.48]
Savanur etal. 214 634 B 0.34 [0.30;0.38]
Dhok et al. 89 256 & 0.35 [0.29; 0.41]
Santhosh et al. 64 81 ] — 0.79 [0.68; 0.86]
Goswami 44 136 5 0.32 [0.25; 0.41]
Gupta et al. 43 100 N - 043 [0.34; 0.53]
Rastogi et al. 86 121 i - 0.7 [0.62;0.78]
Gupt etal. 299 510 R 0.59 [0.54; 0.63]
Namburi et al. 36 100 —— 0.36 [0.27; 0.46]
Royetal. 24 142 T 047 [0.11;0.24]
Sadaruddin et al. 172 656 B 0.26 [0.23; 0.30]
Kramsapi et al. 142 400 - 0.35 [0.31;040]
Bharali et al. 131 362 3 0.36 [0.31;0.41]
Roychoudhury et al. 21 129 £ 0.16 [0.11;0.24]
Sinha et al. 337 836 ] 0.40 [0.37; 0.44]
Titoria et al. 118 265 = 3 045 [0.39; 0.51]
Lahiri et al. 3 97 - 0.32 [0.23;0.42]
Sabu et al. 79 151 : 0.52 [0.44; 0.60]
Sabu etal. 46 163 & o 0.28 [0.22; 0.36]
Stiller et al. 159 307 3 0.52 [0.46; 0.57]
Tathe et al. 26 72 i 0.36 [0.26; 0.48]
Dasetal 22 12 - 0.20 [0.13; 0.28]
Dasetal 0 12 = i 0.00 [0.00; 0.07]
Dasgupta et al. 32 115 s 0.28 [0.20;0.37]
Devika et al. 150 300 . 0.50 [0.44; 0.56]
Jeyakumar et al. 207 517 : i 048 [0.44;0.52]
Kochupurackal et al. 95253 248055 0.38 [0.38; 0.39]
Sharma et al. 73 182 E o 0.40 [0.33; 0.47)
Uvarani 204 654 | & 0.31 [0.28; 0.35]
Mhatre et al. 3049 8542 0.36 [0.35; 0.37]
Mohandas et al. 64 310 & : 021 [0.17; 0.26]
Biswas ef al. 120 607 B 0.20 [0.17;0.23]
Pari et al. 16 120 & 013 [0.08; 0.21]
Pari et al. 22 120 k= 0.18 [0.12; 0.26]
Random effects model 356957 * 0.36 [0.32; 0.41])
Heterogeneity: I° = 98%, 1" = 0.4969, p = 0
02 04 06 08

Fig. 3. The forest plot presents the results of the meta-analysis conducted on the variable underweight using a random-effect
model. The plot displays individual study estimates (represented by squares) of the effect size, along with their corresponding
95%(Cl represented by horizontal lines
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Study Events Total Proportion 95%-Cl
Nandy et al. 3879 24396 ! 0.16 0.15; 0.16]
Seetharaman et al. 82 405 & 0.20 [0.17;0.24]
Kumar et al. 54 in = 0.15 [0.11;0.19]
Das et al. 92 7 - 0.27 [0.22; 0.31]
Mandal et al. 506 1012 ; - 0.50 [0.47; 0.53]
Sadaruddin etal.. 214 2016 ! 011 [0.09; 0.12]
Gaihaetal. 2893 13524 021 [0.21;0.22]
Mukhopadhyayet al. 100 188 ; & 0.53 [0.46; 0.60]
Nandy et al. 9121 45317 0.20 [0.20; 0.20]
Sinha et al. 154 658 3 023 [0.20; 0.27]
Acharya et al. 27 225 E 012 [0.08; 0.17]
Anwar et al. 170 483 . 0.35 [0.31; 0.40]
Dasgupta et al. 20 13 e 0.18 [0.12; 0.26]
Talapalliwar et al. 102 540 E 3 0.19 [0.16;0.22]
Solanki et al. 56 372 - 0.15 [0.12; 0.19]
Boregowda et al. 107 602 = 018 [0.15;0.21]
Das etal. 42 514 | 0.08 0.06; 0.11]
Dewan et al. 51 250 = 0.20 0.16; 0.26]
Jaiswal etal. 57 240 . 0.24 0.19; 0.30]
Savanur et al. "7 634 o 018 10.16; 0.22]
Dhok et al. 39 256 - 0.15 [0.11; 0.20]
Santhosh et al. 2 81 —— 0.29 [0.20; 0.39]
Goswami 34 136 - 0.25 [0.18: 0.33]
Guptaetal. 25 100 - 025 [0.17; 0.34]
Rastogi et al. 58 121 ; —— 048 [0.40; 0.57]
Gupt etal. 56 510 | B 011 [0.09; 0.14]
Namburi et al. 22 100 —— 0.22 [0.15; 0.31]
Roy et al. 32 142 — 0.22 [0.16; 0.30]
Sadaruddin et al. 335 656 ) - 051 [0.47; 0.55]
Kramsapi et al. T4 400 & 0.18 [0.15;0.23]
Bharali et al. 42 362 & 0.12 [0.09; 0.15]
Roychoudhury et al. 12 129 4 0.09 [0.05; 0.16]
Sinha et al. 239 836 LB 0.29 [0.26; 0.32]
Titoria et al. 70 265 . 0.26 [0.21;0.32]
Lahiri et al. 12 97 - 0.12 [0.07; 0.20]
Sabu etal. 38 151 . 0.26 0.19; 0.33]
Sabu et al. 20 163 8 o 012 0.08; 0.18]
Stiller et al. 58 307 — 0.19 [0.15; 0.24]
Tathe et al. 33 12 E —a 0.46 0.35; 0.57]
Dasetal. 55 12 ; —. 049 [0.40; 0.58]
Das etal. 36 12 L —— 032 [0.24; 0.41]
Dasgupta et al. 17 15 - 0.15 [0.09;0.23]
Devika et al. 133 300 i - 044 [0.39; 0.50]
Jeyakumar et al. 75 517 [ 013 [0.10; 0.16]
Kochupurackal et al. 52092 248055 0.21 [021;0.21]
Sharma et al. 20 182 - 011 [0.07; 0.16]
Uvarani 85 654 | 013 [0.11; 0.16]
Mhatre et al. 1401 8542 : 0.16 [0.16; 0.17]
Mohandas et al. 37 310 L o 012 [0.09; 0.16]
Biswas et al. 175 607 i 3 0.29 [0.25; 0.33]
Parui et al. 8 120 = 0.07 [0.03; 0.13]
Parui et al. 7 120 & 0.06 [0.03; 0.12]
Random effects model 356957 * 0.2 [0.18; 0.24]
Heterogeneity: /* = 98%, * = 04388, p = 0

0102 03 04 05 06

Fig. 4. The forest plot presents the results of the meta-analysis conducted on the variable wasting using a random-effect
model. The plot displays individual study estimates (represented by squares) of the effect size, along with their corresponding
95%(Cl represented by horizontal lines
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Study Events Total Proportion 95%-Cl
Nandy et al. 14589 24398 ] 0.60 [0.59; 0.60]
Seetharaman et al. 218 405 i 0.69 [0.64; 0.73]
Kumar et al. 22 3N : 0.06 [0.04; 0.09]
Das et al. 231 7 . 0.67 [0.61;0.71]
Mandal et al. 740 1012 : 073 [0.70; 0.76]
Sadaruddin etal.. 1218 2016 0.60 [0.58; 0.63]
Gaiha et al. 7931 13624 ] 0.59 [0.58; 0.59]
Mukhopadhyayet al. 130 188 e 0.69 [0.62; 0.75]
Nandy et al. 28043 45377 : 0.62 [0.61;0.62]
Sinha et al. 384 658 | 0.58 [0.55; 0.62]
Acharya et al. 113 225 = 0.50 [0.44; 0.57]
Anwar et al. 302 483 2 ] 063 [0.58; 0.67]
Dasgupta et al. 37 113 = 033 [0.25; 0.42]
Talapalliwar et al. 413 540 . 0.76 [0.73; 0.80]
Solanki et al. 226 3n b 0.61 [0.56; 0.66]
Boregowda et al. 374 602 ] 0.62 [0.58; 0.66]
Das et al. 199 514 | B 039 [0.35; 0.43]
Dewan et al. 183 250 s 073 [0.67;0.78]
Jaiswal etal. 130 240 - 0.54 [0.48; 0.60]
Savanur et al. 304 634 | 048 [0.44; 0.52]
Dhok et al. 150 256 E J 059 [0.52; 0.64]
Santhosh et al. 42 81 - 0.52 [0.41; 062
Goswami 74 136 e 0.54 [0.46; 0.63]
Gupta et al. 62 100 - 0.62 [0.52;0.71]
Rastogi et al. 89 121 s 074 [0.65; 0.81]
Gupt etal. 336 510 . ] 0.66 [0.62;0.70]
Namburi et al. 56 100 - 0.56 [0.46; 0.65]
Roy etal. 52 142 e 037 [0.29; 0.45]
Sadaruddin et al. 403 656 | 0.61 [0.58; 0.65]
Kramsapi et al. 204 400 - 051 [0.46; 0.56]
Bharali et al. 176 362 L 4 049 [0.44; 0.54]
Roychoudhury et al. 42 129 & 033 [0.25; 0.41]
Sinha et al. 510 836 : 0.61 [0.58; 0.64]
Titoria et al. 161 265 & 0.61 [0.55; 0.66]
Lahiri et al. 40 97 - 041 [0.32;0.51]
Sabu et al. 102 151 e 3 0.68 [0.60; 0.75]
Sabu etal. 67 163 & 041 [0.34; 0.49]
Stiller etal. 190 307 - 0.62 [0.56; 0.67]
Tathe et al. 28 72 -+ 039 [0.28;0.51]
Das et al. 8 112 e 0.70 [0.61;0.77]
Das et al. 58 112 B 0.52 [0.43; 0.61]
Dasgupta etal. 51 115 - 044 [0.36; 0.54]
Devika et al. 288 300 i 0.96 [0.93; 0.98]
Jeyakumar et al. 381 517 i | 0.66 [0.62; 0.70]
Kochupurackal et al. 137225 248055 0.55 [0.55; 0.56]
Sharma et al. 94 182 - 052 [0.44; 0.59]
Uvarani 296 654 | B 045 [0.41; 0.49]
Mhatre et al. 4323 8542 : 051 [0.50; 0.52]
Mohandas et al. 123 310 & 040 [0.34; 0.45]
Biswas et al. 283 607 | § 047 [0.43;0.51]
Paruietal. 27 120 - ] 0.23 [0.16; 0.31]
Parui etal. 29 120 E o 024 [0.17;0.33]
Random effects model 356957 <* 0.55 [0.50; 0.60]
Heterageneity: 1= 97%, 1 = 0.5573, p=0
02 04 06 08

Fig. 5. The forest plot illustrates the results of the meta-analysis conducted on the CIAF using a random-effect model. The plot
provides a visual representation of the effect sizes and their 95% Cl from individual studies included in the systematic review
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Study Events Total Proportion 95%Cl Weight
subgroup = INDIA :

Nandy et al. 14589 24398 0.60 [0.59; 0.60] 2.0%
Gaiha et al. 7931 13524 0.59 [058; 0.59] 2.0%
Nandy et al. 28043 45317 : 0.62 [061;062] 2.0%
Kochupurackal et al. 137225 248055 0.55 [0.55; 0.56] 2.0%
Random effects model 331352 hd 0.59 [0.56; 0.62] 8.0%

Heterogeneity: I = 100%, = 0.0007, p < 0.0

subgroup = Region 1 :
Dewan etal 183 250 i 0.73 [067;0.79] 1.9%

Gupia et l. 62 100 - 062 052,072 18%
Titoria et al. 161 265 o 0.61 [055; 067) 1.9%
Uvarani 296 654 | M 045 [041;049] 2.0%
Random effects model 1269 e 0.60 [0.48;0.72] 1.7%

Heterogeneity: 1= 96%, 1% = 0.0131, p < 0.01

subgroup = Region 2

Kumar et al. 22 37 0.06 [0.04;0.09] 2.0%
Anwar et al. 302 483 | ] 0.63 [058;067) 2.0%
Boregowda et al. 374 602 | ] 0.62 [0.58; 0.66] 2.0%
Jaiswal efal. 130 240 k3 0.54 [048;061] 1.9%
Sharma et al. 9 182 E 0.52 [044;059] 1.9%
Random effects model 1878 ——— 0.47 [0.26; 0.68] 9.7%

Heterogeneity: 1= 100%, 1= 0.0559, p < 0.0

subgroup = Region 3

Dasetal. 231 347 E } 0.67 [061;0.72] 1.9%
Mandal etal. 740 1012 : 0.73 [0.70; 0.76] 2.0%
Sadaruddin et al.. 1218 2016 : 0.60 [0.58; 0.63] 2.0%
Mukhopadhyayet al. 130 188 5 069 062:0.76] 18%
Sinha et al. 384 658 | 0.58 [054; 062 2.0%
Acharya et al. 13 225 - 0.50 [044;057) 19%
Dasgupta et al. 37 113 - 0.33 [0.24;042] 1.8%
Dasetal. 199 514 - 0.39 [0.34;043] 2.0%
Goswami 74 136 - 0.54 [0.46; 0.63] 1.9%
Royetal. 52 142 - 0.37 029; 045] 1%%
Sadaruddin et &l. 403 656 E 0.61 [0.58; 0.65] 2.0%
Roychoudhury et al. 42 129 -+ 0.33 [025;041] 1.9%
Sinha et al. 510 836 0.61 [058; 0.64] 2.0%
Lahiri etal. 40 97 - 041 [031;052] 1.8%
Stiller et al. 190 307 R 0.62 [056; 067) 1.9%
Dasetal. 78 12 - 0.70 [060; 0.78] 1.9%
Dasetal. 58 12 —a 0.52 [042;061] 1.8%
Dasgupta et al. 51 115 - 044 [0.35; 0.54] 1.8%
Biswas etal. 283 607 | B 047 [043;051] 2.0%
Parui et al. 27 120 : = H 0.23 [0.15;0.31] 1.9%
Parui et al. 29 120 E o : 0.24 [0.17;033] 19%
Random effects model 8562 - 0.51 [0.44; 0.57] 40.1%

Heterogeneity: I = 96%, 1* = 0.0218, p < 0.01

subgroup = Region4

Kramsapi et al. 204 400 3 0.51 [0.46; 0.56] 2.0%
Bharali et al 176 362 E 049 [043; 054] 1.9%
Random effects model 762 * 0.50 [0.46; 0.53] 3.9%
Heterogeneity: 1= 0%, 1= 0, p =0.51

subgroup = Region 5

Talapalliwar et al. 413 540 0.76 [0.73; 0.80] 2.0%
Solanki etal. 226 372 h 061 [056; 0.66] 1.9%
Savanur et al. 304 634 = 048 [044; 052 2.0%
Dhok et al. 150 256 3 0.59 [052; 0.65] 1.9%
Rastogi et al. 89 121 L 0.74 [065; 0.81] 1.9%
Gupt etal. 336 510 . 0.66 [062;0.70] 2.0%
Tathe et al. 28 'y — 0.39 [028;051] 1.8%
Jeyakumar et al. 381 577 . ] 0.66 [062;0.70] 2.0%
Mhatre etal. 4323 8542 ] 0.51 [050; 052 2.0%
Random effects model 11624 < 0.60 [0.52; 0.68] 17.4%
Heterogeneity: F=97%, = 0.0131,p<0.01 g

subgroup = Region 6

Seetharaman et al. 218 405 e 0.69 [0.64;073] 2.0%
Santhosh et al. 42 81 - 0.52 [040; 063] 1.8%
Namburi et al. 56 100 - 0.56 [046; 0.66] 1.8%
Sabuetal. 102 151 e 0.68 [059;0.75] 1.9%
Sabu etal 67 163 - 041 [0.33;049] 1.9%
Devika etal. 288 300 : 0.96 [0.93;0.98] 2.0%
Mohandas et al. 123 310 ® 0.40 [0.34; 045] 1.9%
Random effects model 1510 i 0.60 [0.46; 0.75] 13.2%
Heterogeneity: 1= 99%, 1% = 0.0382, p < 0.01

Random effects model 356957 <* 0.55 [0.50; 0.59] 100.0%
Heterogeneity: 1= 99%, t* = 0.0230, p = 0

Test for subgroup differences: Xé =21.04,df=6(p <0.01) 02 04 06 08

Fig. 6. This forest plot presents the results of the meta-analysis conducted on different regions to assess the proportion
of CIAF. Each row in the plot represents a separate region, and the size of the squares corresponds to the weight of the
individual studies within the region (Region: North=1, Central=2, East=3, Northeast=4, West=5, South=6)
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Study Events Total Proportion 95%-Cl Weight
subgroup = Subgroup 1(2005- 2010)

Nandy et al. 14589 2439 0.60 [0.59; 0.60] 2.0%
Seetharaman et al. 218 405 = 0.69 [0.64; 0.73] 20%
Kumar etal. 22 3N 0.06 [0.04; 0.09] 2.0%
Das etal. 231 347 - 067 [0.61;0.72] 1.9%
Mandal et al. 740 1012 073 [0.70; 0.76] 2.0%
Sadaruddin etal.. 1218 2016 0.60 [0.58; 0.63] 2.0%
Galhaetal. 7931 13524 0.59 [0.58; 0.59] 2.0%
Random effects model 42071 g 0.56 [0.39; 0.73] 13.9%
Heterogeneity: 1 =100%, * = 0.0617, p=0 :

subgroup = Subgroup 2 (2011 2017) :

Mukhopadhyayet al. 130 188 o & 069 [0.62; 0.76] 1.9%
Nandy et al. 28043 45377 i 0.62 [0.61;0.62] 2.0%
Sinha et al. 384 658 = 0.58 [0.54; 0.62] 2.0%
Acharya et al. 13 225 - 0.50 [0.44; 0.57] 1.9%
Anwar et al. 302 483 2 | 063 [0.58; 0.67] 2.0%
Dasgupta et al. 37 113 - 0.33 [0.24;042] 1.8%
Talapalliwar et al. 413 540 i 0.76 [0.73;0.80] 2.0%
Solanki et al. 226 372 - 061 [0.56; 0.66] 1.9%
Boregowda et al. 374 602 | 0.62 [0.58; 0.66] 20%
Das etal. 199 514 | 0.39 [0.34;0.43] 2.0%
Dewan et al. 183 250 = 073 [0.67;0.79] 1.9%
Jaiswal etal. 130 240 = 0.54 [0.48; 0.61] 1.9%
Savanuret al. 304 634 8 048 [0.44; 0.52] 20%
Dhok et al. 150 256 k3 0.59 [0.52; 0.65] 1.9%
Santhosh et al. 42 81 - 0.52 [0.40; 0.63] 1.8%
Goswami 74 136 - 0.54 [0.46; 0.63] 1.9%
Gupta et al. 62 100 ——— 0.62 [0.52;0.72) 1.8%
Rastogi et al. 89 121 . 0.74 [0.65; 0.81] 1.9%
Random effects model 50890 b 0.58 [0.53; 0.64] 34.5%
Heterogeneity: I* = 95%, 1* = 0.0121, p < 0.01 ¢

subgroup = Subgroup 3 (2018- 2023) ‘

Gupt etal. 336 510 R ] 0.66 [0.62;0.70] 2.0%
Namburi et al. 56 100 —_ 0.56 [0.46; 0.66] 1.8%
Roy etal. 52 142 = 0.37 [0.29; 0.45] 1.9%
Sadaruddin et al. 403 656 g | 061 [0.58; 0.65] 2.0%
Kramsapi et al. 204 400 = 0.51 [0.46; 0.56] 2.0%
Bharali et al. 176 362 = 049 [0.43; 0.54] 1.9%
Roychoudhury et al. 42 129 - 0.33 [0.25;0.41] 1.9%
Sinha et al. 510 836 : 061 [0.58; 0.64] 2.0%
Titoria et al. 161 265 = 061 [0.55; 0.67] 1.9%
Lahiri et al. 40 97 = 041 [0.31;0.52] 1.8%
Sabu etal. 102 151 - 0.68 [0.59; 0.75] 1.9%
Sabu etal. 67 163 - 041 [0.33;0.49] 1.9%
Stiller et al. 190 307 g 3 0.62 [0.56; 0.67] 1.9%
Tathe et al. 28 72 - 0.39 [0.28;0.51] 1.8%
Das etal. 78 12 e 0.70 [0.60;0.78] 1.9%
Das etal. 58 12 - 0.52 [0.42;0.81] 1.8%
Dasgupta et al. 51 115 — 0.44 [0.35; 0.54] 1.8%
Devika et al. 288 300 : 0.96 [0.93;0.98] 2.0%
Jeyakumar et al. 381 517 ] 0.66 [0.62;0.70] 2.0%
Kochupurackal et al. 137225 248055 0.55 [0.55; 0.56] 2.0%
Sharma et al. 94 182 - 0.52 [0.44; 0.59] 1.9%
Uvarani 296 654 | B 045 [0.41;0.49] 2.0%
Mhatre et al. 4323 8542 051 [0.50; 0.52] 2.0%
Mohandas et al. 123 310 = 040 [0.34; 0.45] 1.9%
Biswas et al. 283 607 = 047 [0.43;0.51] 2.0%
Paruietal. 27 120 - : 0.23 [0.15;0.31] 1.9%
Paruietal. 29 120 - : 0.24 [0.17;0.33] 1.9%
Random effects model 263996 - 0.52 [0.46; 0.57] 51.6%
Heterageneity: /* = 99%, 1% = 0.0231, p =0 :

Random effects model 356957 <+ 0.55 [0.50; 0.59] 100.0%
Heterogeneity: I* = 89%, 1* = 0.0230, p = 0

Test for subgroup differences: )é =282,di=2(p=024) 02 04 06 08

Fig. 7. This forest plot presents the results of the meta-analysis conducted on three sub-groups, representing different time
periods (2005-2010, 2011-2017, and 2018-2023), to assess the proportion of CIAF. Each row in the plot represents a separate

sub-group, and the size of the squares corresponds to the weight of the individual studies within the sub-group
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Fig. 8. Funnel plot illustrating the distribution of selected research articles examining publication bias in measured

anthropometric indices (stunting, underweight, wasting, and CIAF), the analysis was conducted using generalized linear

mixed models methodology

nataka 51.8%,”7 Maharashtra 58.59% and 65.7%,3"°
Tamil Nadu 96%,” Uttar Pradesh 62.5%," West Ben-
gal 31.8% and 22.5%.**”° Under 6 years, rural chil-
dren reflect a proportion in Chhattisgarh 62.1% and
51.6%,*%® Haryana 76.3%,” Maharashtra 76.3% and
50.6%,""*® West Bengal 73.1%, 60.4%, 69.1%, 58.21%,
50.2%, 32.7%, 38.7%, 36.1%, 61.3%, 61%, 61.6%, 50.9%
and 46.629%.!931,323443,9950.53-3569.7172 Several populations
based investigations have suggested that the CIAF may
accurately determine the cause-specific mortality and
CO'mOrbiditY in health records.l9,22,24,31,33,41,42,44,45,48,49,68,69
This specialized ability is beyond the reach of conven-
tional anthropometric indicators, which struggle to
distinguish groups of populations facing multiple an-
thropometric failures related to health and nutritional
challenges. The CIAF along with its detailed sub-cat-
egories (i.e., B-Y), provides a clear and precise un-
derstanding of undernutrition, where conventional
indices are unable to determine the actual magnitude
due to their overlapping outcomes.?*?!¥42667176 How-
ever, many children from less privileged backgrounds
tend to experience multiple health challenges in their

respective measurements.'>?*30325.70 These children
are likely to be susceptible to health risks due to their
poor socio-economic conditions, belonging to under-
privileged segments, inadequate resource allocation at
intra-household level and being unable to utilize ap-
propriate healthcare facilities.>**7>7>7#81 To find out the
effects of various determinant variables, including in-
come, education, occupation, demographics and life-
style, on CIAF, in-depth analysis becomes necessary
at population levels.***727 Several studies have report-
ed the connections between different types of anthro-
pometric failures or nutritional deficiency related issues
and socio-economic, demographic, and lifestyle factors
in the pOpulatiOIl.31’36’49’42’52’72’73’75
tion can be helpful to guide government agencies and
policymakers in constructing effective policies and/or
appropriate nutritional intervention programmes.?*5>%
The present investigation has carried out a systematic
review and meta-analysis utilizing standard anthropo-
metric measures and CIAF to describe the magnitude of
undernutrition among Indian children (below 6 years
old) during an 18-year period (2005-2023). The preva-

This valuable informa-
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lence of wasting was found to be 22% (95% CI: 0.18-0.25,
p<0.001), and the combined prevalence of stunting and
underweight was 37% (95% CI: 0.32-0.41, p<0.01). Ac-
cording to CIAF categorization, the pooled prevalence
of undernourishment was reported to be 55% (95% CI:
0.50-0.60, p<0.001). The majority of children scored a
higher magnitude of undernutrition on the CIAF, and
stunted and underweight children were more common,
which suggested the existence of long-term chronic
rather than acute undernutrition.*>'”*? Stunting, under-
weight, wasting, and CIAF are among the more severe
types of undernutrition in Indian children under the
age of six, according to several studies.?/»?30-2838-88 The
high burden of infectious diseases, recent food insecuri-
ty, socio-economic status, and/or the high prevalence of
childhood undernutrition all point to a scenario of both
chronic and acute undernutrition.?-3%364345347L7375 Tt jg
believed that intra-household food or resource alloca-

tion, cultural customs, social influences, environmental
factors, and restricted access to healthcare services re-
main the main contributors to such severe nutritional
manifestations in the population.!®”>%

In addition to affecting dietary intake, socio-eco-
nomic status, food preferences or feeding practices,
these factors are considered to be crucial for maintaining
adequate nutritional status throughout physical growth
and development.’>**” Further, food taboos, low hemo-
globin levels, and literature was located using electronic
databases like PubMed, PMC, Google Scholar, and Sco-
pus. The present investigation did not include any grey
literature, theses, dissertations, or research manuscripts
from other print or online databases. The time frame for
the literature search was limited to June 2005 through
June 2023. Only reports which studied Indian children
were included in this analysis, and the magnitude of un-
dernutrition was evaluated using both conventional an-
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Study Events Total Proportion 95%-Cl Weight
subgroup = Under 6 years Rural Children

Mandal et al. 740 1012 0.73 [0.70; 0.76] 21%
Sadaruddin etal.. 1218 2016 0.60 [0.58; 0.63] 22%
Mukhopadhyayet al. 130 188 L 0.69 [0.62; 0.76] 21%
Sinha et al. 384 658 & 0.58 [0.54;0.62] 21%
Acharya etal. 13 225 E 3 0.50 [0.44; 0.57] 2.1%
Dasgupta et al. 37 13 -2 0.33 [0.24;0.42] 2.0%
Talapalliwar et al. 43 540 | | 0.76 [0.73; 0.80] 2.1%
Boregowda et al. 374 602 | 0.62 [0.58; 0.66] 2.1%
Das et al. 199 514 L i 0.39 [0.34; 0.43] 21%
Royetal. 52 142 —_— 0.37 0.29; 0.45] 2.0%
Sadaruddin et al. 403 656 | | 0.61 [0.58; 0.65] 21%
Sinha et al. 510 836 0.61 [0.58; 0.64] 21%
Stiller et al. 190 307 = 0.62 [0.56; 0.67] 21%
Das et al. 58 12 . 0.52 [0.42;0.61] 2.0%
Sharma et al. 94 182 E = 0.52 [0.44; 0.59] 2.1%
Uvarani 296 654 = 045 [0.41;0.49] 21%
Mhatre et al. 4323 8542 0.51 [0.50; 0.52] 22%
Biswas et al. 283 607 | | 047 [0.43;0.51] 21%
Random effects model 17906 > 0.55 [0.50; 0.61] 37.9%

Heterogeneity: I* = 97%, * = 0.0139, p < 0.01

subgroup = Under 6 years Slum Children

Seetharaman et al. 278 405 | 0.69 [0.64; 0.73] 2.1%
Dewan et al. 183 250 E 0.73 [0.67;0.79) 21%
Rastogi et al. 89 121 E o 0.74 [0.65; 0.81] 2.0%
Lahiri et al. 40 97 - 041 [0.31;0.52] 2.0%
Dasgupta et al. 51 115 — 0.44 [0.35; 0.54] 2.0%
Mohandas et al. 123 310 4 040 [0.34; 0.45] 21%
Parui et al. 29 120 E = 0.24 [0.17;0.33] 2.0%
Random effects model 1418 — 0.52 [0.38; 0.67] 14.4%
Heterogeneity: I = 97%, t* = 0.0370, p < 0.01

subgroup = Under 6 years tribal Children

Das et al. 231 347 = 0.67 [0.61;0.72) 21%
Kramsapi et al. 204 400 = 0.51 [0.46; 0.56] 2.1%
Bharalietal. 176 362 ¢ 049 [0.43; 0.54] 21%
Sabuetal. 102 151 - 0.68 [0.59; 0.75] 2.0%
Sabu etal. 67 163 ko 041 [0.33; 0.49] 2.0%
Tathe et al. 28 72 - 0.39 [0.28; 0.51] 1.9%
Das etal. 78 112 - 0.70 [0.60; 0.78] 2.0%
Jeyakumar et al. 381 577 = 0.66 [0.62; 0.70] 2.1%
Random effects model 2184 - 0.56 [0.48; 0.65] 16.5%
Heterogeneity: 1 = 92%, v = 0.0139, p < 0.01

subgroup = Under 6 years Urban Children

Anwar et al. 302 483 B 0.63 [0.58; 0.67] 21%
Jaiswal etal. 130 240 k& 0.54 [0.48; 0.61] 21%
Dhok et al. 150 256 E 0.59 [0.52; 0.65] 21%
Santhosh et al. 42 81 —= 0.52 [0.40; 0.63] 1.9%
Gupta et al. 62 100 2 0.62 [0.52;0.72] 2.0%
Gupta etal. 336 510 L | 0.66 [0.62;0.70] 21%
Namburi et al. 56 100 - 0.56 [0.46; 0.66] 2.0%
Roychoudhury et al. 42 129 E = 0.33 [0.25; 0.41] 2.0%
Titoria et al. 161 265 4 0.61 [0.55; 0.67] 21%
Devika et al. 288 300 0.96 [0.93; 0.98] 2.2%
Parui et al. 27 120 : o 0.23 [0.15;0.31] 2.0%
Random effects model 2584 - 0.57 [0.46; 0.68] 22.6%
Heterogeneity: 1 = 99%, +* = 0.0345, p < 0.01

subgroup = Under 6 years Urban, Rural ,Tribal,slum Children

Nandy et al. 14589 2439% 0.60 [0.59; 0.60] 2.2%
Kumar et al. 22 3n 0.06 [0.04; 0.09] 2.2%
Gaihaetal. 7931 13524 0.59 [0.58; 0.59] 22%
Nandy et al. 28043 45377 0.62 [0.61;0.62] 22%
Random effects model 83668 —_— 0.47 [0.20; 0.73] 8.7%
Heterogeneity: = 100%, ' = 00733, p=0

Random effects model 107760 * 0.55 [0.50; 0.59] 100.0%
Heterogeneity: I* = 99%, t* = 0.0249, p = 0

Test for subgroup differences: yj =0.73,df =4 (p = 0.95) 02 04 06 08

Fig. 10. This forest plot presents the results of the meta-analysis conducted on five sub-groups, representing different study
groups that consist of urban, rural, slum, and tribal children, to assess the proportion of CIAF. Each row in the plot represents
a separate sub-group, and the size of the squares corresponds to the weight of the individual studies within the sub-group
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thropometric measurements and the CIAE Since only a
significant portion of studies were presented in the anal-
ysis’s use of only English-language published articles,
publications on non-Indian children published during
the study period and children not found within the con-
sidered age groups (e.g., 0—6 years) were not considered
for this study. The study’s time frame was only between
June 1 and July 20, 2023, when the published manu-
scripts were searched.

Conclusion

India is not an exception to the fact that undernutrition
is one of the most serious public health problems in chil-
dren. Due to demographic disparities, inadequate nutri-
tional status, educational attainment, and food security,
children suffer disproportionately from undernutrition
in India. The present investigation has utilized both con-
ventional anthropometric measurements and the CIAF
to highlight the magnitude of undernutrition in chil-
dren. Undernutrition was significantly higher in children
who received CIAF. The findings shed light on the prev-
alence and relationships of stunting, underweight, wast-
ing, and CIAF in children. This information can be used
to develop evidence-based interventions and policies to
combat undernutrition and anthropometric assessment
related investigations. It is impossible to overstate the im-
portance of adequate healthcare facilities and maternal
education on optimal nutrition for pregnancy and breast-
feeding, marriage age, and family planning
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