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Abstract

Background/Aim: Childhood anaemia continues to persist as a promi-
nent nutritional disease and a public health challenge in India despite sev-
eral initiatives by the Government of India. This study aimed to identify
predictors and regional disparities for targeted interventions.

Methods: This study utilised data from a nationally representative
cross-sectional survey from the fifth round of the National Family Health
Survey (NFHS-5), encompassing 177,695 children aged 6-59 months
across 707 districts and 36 states and union territories of India. It em-
ployed multivariate logistic regression and spatial analysis at district levels
to examine socio-demographic predictors and spatial patterns of child-
hood anaemia in the country.

Result: Multivariate logistic results revealed, women aged 15-19 were
2.43 times more likely to have an anaemic child compared to those aged
35-49 and uneducated mothers had a 29 % higher likelihood of having an
anaemic child. There was positive spatial autocorrelation (Moran’s | value
= 0.579) at the district level in India, with 108 identified hotspots in regions
including Jammu and Kashmir, Ladakh, Gujarat, Maharashtra, Telangana,
Uttar Pradesh, Rajasthan, Jharkhand, Chhattisgarh and Bihar. The spatial
error model (SEM) indicated that mother's anaemia (0.53) and maternal
education (0.23) were key predictors of child anaemia in India.
Conclusion: The study findings provide valuable understanding regard-
ing the socio-demographic predictors associated with childhood anaemia
such as adolescent motherhood, low education, lack of media exposure,
higher birth order and rural residence. Also, the spatial study provides the
spatial heterogeneity of childhood anaemia at the district level and advo-
cates more attention toward hotspot regions in the country.

Key words: Childhood anaemia; Logistic regression; LISA; Spatial error
model.
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Introduction

Anaemia among children continues to be a se-
rious public health issue in low- and middle-in-
come nations. The poor world is still battling
with catastrophic issues like poverty, starvation

and malnutrition in the modern-era world, where
rich nations are moving toward new technol-
ogies and successes. Due to socioeconomic de-
velopments and the emergence of international
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market systems, they are more susceptible to
anaemia as they go through a transitional peri-
0d."2The definition of anaemia by World Health
Organization (WHO) is: “Anaemia is defined as a
haemoglobin concentration below a specified cut-
off point; that cut-off point depends on the age,
gender, physiological status, smoking habits and
altitude at which the population being assessed
lives.” Anaemia among children under 5 years is
defined as the threshold haemoglobin level less
than 11.0 g/d-.? Iron deficiency, linked to low
nutritional iron consumption is one of the criti-
cal causes of childhood anaemia in India.* Other
risk factors equally associated with childhood
anaemia include vitamin deficiencies, especially
folate, vitamin B , and A, infections with malaria
parasite, hookworm and haemoglobinopathies.>”
In India the prevalence of anaemia among chil-
dren aged 6-59 months (haemoglobin levels <
11.0 g/dL) increased dramatically from 59 %
National Family Health Survey-4 (NFHS-4) to 67
% (2019-21, NFHS-5).% Additionally, with signif-
icant regional variation, India is reported to have
greatest frequency of anaemia among develop-
ing nations.’ In the absence of timely interceding,
these children grow up anaemic and frequently
marry beforehand, giving birth to babies with
lower iron reserves who turn anaemic within the
first months after birth.'* Hence, there’s a need to
intermediate in this intergenerational anaemia to
insure good health of the overall population.'*!?
Despite India’s numerous programs, like POSH-
AN Abhiyaan and the National Iron Plus Initiative
for Anaemia Control, the rate of reduction of child
anaemia is not up to the mark and in fact, it has
been observed to increase in recent years.!

Spatial heterogeneity is a type of seen or unob-
served heterogeneity that varies throughout a
vast territory or landscape provided by social
structure. Spatial heterogeneity (sometimes
called sub-regional variation) is the uneven dis-
tribution of a trait, event or indication over a re-
gion. India has several diverse districts in socio-
economic and demographic statistics. The spatial
variance of anaemia cases in Indian districts is
little understood. Due to its high sample size,
the NFHS-5 provided estimates for a number of
crucial anaemia indicators in children. These es-
timates help to identify district differences and
the implementation of customised programs.

The aim of this study was to assess socio-demo-
graphic predictors of childhood anaemia in India.
Regional heterogeneity and anaemia correlations
in Indian districts were also examined.
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Methods

The study utilised data from the fifth wave of the
National Family Health Survey (NFHS-5), con-
ducted in 2019-21 in India. This nationally repre-
sentative cross-sectional survey, overseen by the
Ministry of Health and Family Welfare, covered
all 28 states, 8 union territories and 707 districts.
The survey focused on child health and employed
a two-stage stratified sampling design. After ex-
cluding children with missing data, the final an-
alytic sample comprised 177,695 children aged
6-59 months across all districts and states.

The study’s outcome variable was child anaemia
prevalence. Explanatory variables, determined
through in-depth literature review, encompassed
mother’s age, residence, education, media expo-
sure, wealth quintile, mother’s anaemia, birth or-
der, child’s sex, religion and caste.

The study employed multivariate logistic regres-
sion to analyse socioeconomic disparities in child
anaemia in India. Spatial patterns and clustering
of child anaemia were assessed using Moran’s |,
univariate local indicator of spatial association
(LISA), bivariate LISA and a LISA cluster map.
The spatial weight matrix (w) of order 1 has been
generated using the Queen’s contiguity meth-
od to quantify the spatial proximity between
each possible pair of observational entities in
the dataset.’™ ¢ Positive spatial autocorrelation
suggests that points with comparable attribute
values are tightly distributed in space, whereas
negative autocorrelation shows that closely as-
sociated points are more distinct. Moran’s I val-
ues range from -1 to +1, with positive and nega-
tive values indicating clustering of similar and
dissimilar values, respectively. A zero value in-
dicated a random spatial pattern with no spatial
autocorrelation. Univariate LISA measured the
correlation of neighbourhood values around a
specific spatial location. It determined the extent
of spatial randomness and clustering present in
the data.'”*?

Four types of spatial autocorrelation were gener-
ated:
1. Hot spots: High-value areas with similar
neighbours (High-High).
2. Cold spots: Low values area, with similar
neighbours (Low-Low).
3. Spatial outliers: High-value areas with
low-value neighbours (High-Low).
4. Spatial outliers: Low values area with high-
er values neighbours (Low-High).



B Joshi et al. Scr Med. 2024 Mar-Apr;55(2):137-48.

To see the potential regional correlates of child
anaemia spatial regression analysis which in-
cludes ordinary least square (OLS) model and
spatial error model (SEM) was performed.?
Non-spatial analysis was conducted using the tri-
al version of Statistical Package for Social Scienc-
es (SPSS) software v. 26; (IBM Inc, Chicago, IL),
while spatial analysis was carried out using trial
versions of ArcGIS 10.7 and GeoDa 1.20.

Results

Nearly 90 % out of 177,695 children had mothers
aged 20-34 (Table 1). Rural youngsters made up
nearly three-quarters of participants. Around
half of the women completed their secondary lev-
el of education. Anaemia affected 59.8 % of wom-
en who gave birth in the five years prior to the
survey. Nearly half of the children were of second
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or third birth order. About one-third of women
belonged to schedule caste/ schedule tribe (SC/
ST). Nearly half (46.5 %) of the women were be-
low middle-class category. Media access were un-
available to 28 % of mothers.

In comparison to mothers who were anaemic,
mothers without anaemia were 40 % less likely
to have an anaemic child (odds ratio (OR): 0.601;
95 % confidence interval (CI): 0.589-0.614). Child
anaemia exhibited significant associations with
the age of mothers, particularly among young-
er age groups. For instance, women aged 15-19
years and 20-34 years were 2.431 times (OR:
2.431; 95 % CI: 2.219-2.665) and 1.357 times
(OR: 1.357; 95 % CI: 1.29-1.41) more likely to
have an anaemic child, respectively, compared to
women aged 35-49 years. Furthermore, the edu-
cation level of mothers emerged as a significant
predictor of child anaemia, with higher maternal
education associated with reduced odds of child

Table 1: Prevalence of child anaemia with various background characteristics in India (NFHS-5, 2019-21)

R Variable’s Weighted Logistic regression model
categories frequency (%) OR 95 % Cl
15-19 3,580 (2.0) 2.431* [2.219-2.665]
Age group 20-34 158,870 (89.4) 1.357* [1.306-1.410]
35-49 15,246 (8.6) Ref. -
. Urban 46,559 (26.2) 0.965* [0.940-0.991]
Place of residence
Rural 131,136 (73.8) Ref. -
No education 38,010 (21.4) 1.291* [1.239-1.346)
Education level of Primary 22,094 (12.4) 1.192* [1.143-1.244]
mother Secondary 90,868 (51.1) 1.129* [1.095-1.164]
Higher 26,724 (15.0) Ref. -
Media exposure No 50,694 (28.5) 1.082* [1.053-1.112]
Yes 127,002 (71.5) Ref. -
Poorest 43,640 (24.6) 1.072* [1.026-1.120]
Poorer 38,869 (21.9) 1.050* [1.010-1.093]
Wealth index Middle 35,128 (19.8) 1.034 [0.996-1.073]
Richer 32,850 (18.5) 0.986 [0.952-1.021]
Richest 27,208 (15.3) Ref. -
o No 71,482 (40.2) 0.601* [0.589-0.614]
Anaemia in mother Yes 106,213 (59.8) Ref. i
1st 68,691 (38.7) 0.732* [0.677-0.792]
. 2nd or 3rd 87,878 (49.5) 0.802* [0.743-0.866]
Birth order
4th or 5th 17,046 (9.6) 0.878* [0.811-0.950]
> 6th 4,081 (2.3) Ref. -
. Male 92,219 (51.9) 1.003 [0.983-1.023]
Sex of child Female 85,476 (48.1) Ref. .
Hindu 141,852 (79.8) 1.268* [1.207-1.332]
Religion Muslim 28,082 (15.8) 1.258* [1.190-1.33]
Others 7,761 (4.4) Ref. -
Schedule caste 41,491 (23.3) 1.106* [1.071-1.142]
Caste Schedule tribe 18,042 (10.2) 1.251* [1.199-1.305]
0BC 77,001 (43.3) 0.952* [0.927-0.978]
Other 41,161 (23.2) Ref. -

*p < 0.05; OR: odds ratio; CI: confidence interval; OBC: other backward class;
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anaemia in India. Specifically, women without
any formal education and those with only prima-
ry education were 29 % and 19 % more likely to
have an anaemic child, respectively, compared to
women with higher education.

First-birth order children were 27 % less likely
to be anaemic (OR: 0.732; 95 % CI: 0.677-0.792)
compared to a child having six or above birth or-
der. Religion also displayed an association with
child anaemia, with Hindu and Muslim women
being 27 % and 26 % more likely to have anae-
mic children, respectively, compared to women of
other religions. Additionally, children belonging
to the scheduled caste (SC) and scheduled tribe
(ST) categories were 1.106 times and 1.251 times
more likely to have an anaemic child, respective-
ly, when compared to children from other caste
groups, excluding SC, ST and other backward
class (OBC) categories. No exposure to any kind of
media emerged as significant risk factor for child
anaemia as women without media exposure were
1.081 times more likely to have anaemic children
(OR: 1.082; 95 % CI: 1.053-1.112) compared to
their counterparts. Lastly, women from the poor-
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est wealth quintile were 1.072 times more like-
ly to have anaemic children (OR: 1.06; 95 % CI:
1.01-1.12) compared to women from the richest
wealth quintile. However, other wealth quintile
categories of women, such as those classified as
middle and richer, did not exhibit statistically sig-
nificant differences compared to women in the
richest wealth quintile.

Figure 2 represents a LISA scatter plot along
with the corresponding Moran’s I value (0.579),
univariate cluster map and significance map of
child anaemia (6-59 months) in the districts of In-
dia showing overall clustering of similar behav-
ing districts ie, either high-high or low-low. Out
of the 707 districts in India, 108 were identified
as hotspots. These hotspots included districts in
Jammu Kashmir, Ladakh, Gujarat, Maharashtra,
Telangana and several districts in Uttar Pradesh,
Rajasthan, Jharkhand and Bihar. Additionally, al-
most 84 districts were identified as cold spots, in-
dicating that these districts had a low prevalence
of child anaemia and were surrounded by dis-
tricts with similarly low prevalence. These cold
spot districts encompassed the entire southern

r
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Figure 1: Spatial distribution of prevelance of child anaemia in the districts of India, NFHS-5

(2019-21)
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Figure 2: Univariate cluster and local indicator of spatial association (LISA) map showing spatial correlation of child anaemia in the

districts level of India, NFHS-5, (2019-21)

LISA cluster map: light grey: not significant (493); dark red: high-high (108); dark blue: low-low (84); light blue: low-high (9); light red: high-low (9); dark grey:

undefined (5);

LISA significance map: light grey: not significant (493); light green: p = 0.05 (98); green: p = 0.01 (59); dark green: p = 0.001 (53); dark grey: undefined (5);

and north-eastern parts of India, including Ker-
ala, Tamil Nadu, Karnataka, Arunachal Pradesh,
Meghalaya, Nagaland, Mizoram, Manipur, as well
as Himachal Pradesh and Uttarakhand in north-
ern India.

Figure 3 depicts the bivariate LISA map and its
corresponding significance map, illustrating the
prevalence of child anaemia based on various
independent variables in India. Approximate-
ly 62 out of the 707 districts exhibited hotspots
for child anaemia associated with mothers aged
15-19. These hotspots encompassed states such
as Bihar, Jharkhand, West Bengal, Assam, Tripu-
ra and certain regions of Maharashtra (map A-1).
Among various hotspots and cold spots, 42 dis-
tricts were coming out to be highly significant (p
=0.001). These districts were mostly concentrat-
ed in the Jammu and Kashmir regions and West
Bengal (map A-2). Map B-1, shows nearly 69 out
of the 707 districts as hotspots for child anae-
mia, with a substantial concentration in areas
characterised by a predominantly rural popula-
tion. These districts span Jammu and Kashmir,
Himachal Pradesh, Gujarat, Odisha, Chhattisgarh,
Jharkhand, West Bengal, Assam and Tripura.
However, only 21 districts were highly significant
(p = 0.001) followed by 46 and 98 districts with
p-values of 0.01 and 0.05, respectively (map B-2).
About 101 out of the 707 districts formed hotspots
for child anaemia linked to uneducated mothers
in India. These hotspots included states such as
Uttar Pradesh, Madhya Pradesh, Maharashtra,
Bihar, West Bengal and specific regions in Jammu
and Kashmir, Gujarat, Odisha, Telangana, Andhra
Pradesh and Jharkhand (map C-1). In this, high-

ly significant districts were concentrated in the
southern region of Kerala, Tamil Nadu and also
a few districts of northern regions like Uttar
Pradesh, Bihar etc (map C-2). Nearly 48 out of the
707 districts have been identified as hotspots for
child anaemia associated with the Muslim reli-
gion, covering areas in Jammu and Kashmir, La-
dakh, West Bengal and Assam. Also, districts in
the Jammu and Kashmir region and eastern re-
gions like Orissa etc were highly significant (map
D-1 and D-2).

Out of the 707 districts, 97 have been pinpoint-
ed as hotspots due to a lack of media expo-
sure, while 106 districts have been identified
as hotspots based on the poorest wealth index.
These hotspots were distributed across both the
western and eastern parts of India, encompass-
ing regions such as Gujarat, Odisha, West Bengal
and certain districts in Haryana, Punjab, Bihar
and Assam (map E-1, F-1).

Almost 119 out of the 707 districts have emerged
as hotspots for child anaemia and anaemic moth-
ers, including the states of Ladakh, Jammu and
Kashmir, Punjab, Delhi, Haryana, Gujarat, Andhra
Pradesh, Odisha, Jharkhand, West Bengal, Bihar,
and specific districts in Assam and Tripura (map
G-1). Out of these 60 districts were highly signifi-
cant (p = 0.001) which are mostly concentrated in
the Ladakh region and eastern and northeastern
states (map G-2).

Among the 707 districts, 47 have been identified
as hotspots in terms of higher birth order chil-
dren (map H-1), while 17 districts and 68 dis-
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Figure 3: Bivariate local indicator of spatial association (LISA) cluster map and significance map of child anaemia with selected

predictor variables

LISA cluster map: light grey: not significant; dark red: high-high; dark blue: low-low; light blue: low-high; light red: high-low; dark grey: undefined;

LISA significance map: light grey: not significant; light green: p = 0.05; green: p = 0.01; dark green: p = 0.001; dark grey: undefined;

Child anaemia related to: A: mother age (15-19); B: residence (rural); C: education of mother (no education); D: religion (Muslim); E: media exposure (no exposure);
F: wealth index (poorest); G: anaemia in mothers (yes); H: birth order (higher); I: gender (female); J: Caste (schedule caste);

Table 2: Result of the ordinary least square (OLS) model and
spatial error model (SEM) assessing determinants of child anae-
mia in districts of India, NFHS-5 (2019-21)

Indicators OLS 2l
Coeff p-value Coeff p-value

% Mother age (15-19 years) 0.067 0.731 0.195 0.374
% Rural population -0.007 0.699 -0.024 0.192
% Uneducated mother 0.289 *  0.000 0.225* 0.000
% Muslim religion -0.017 0.351 0.012 0.609
% No media exposure 0129 *  0.002 0.069 0.117
% Poorest wealth index -0.199 *  0.000 0.094 *  0.009
% Mother anaemia 0.594 *  0.000 0.531 * 0.000
% Birth order (= 6th) -0.696 *  0.000 0.357 *  0.020
% Female child -0.027 0.772 -0.030 0.699
% SC population -0.022 0.453 0.051 0.154

*significant at a« = 5 %; Coeff: coefficient; Akaike information criterion (AIC)
value = OLS: 5036.11, SEM: 4875.26; LAMBDA: SEM: 0.597; R? = OLS:
0.526; SEM: 0.652; SC: schedule caste;

tricts have been designated as hotspots concern-
ing female children and SC populations, (map I-1,
J-1) respectively.

Table 2 shows spatial regression models namely
the OLS model and SEM to determine a special
dependence of various predictors on child anae-
mia at the district level in India. The Akaike in-
formation criterion (AIC) value of the special
error model came out to be 4875.26, which was
comparatively lower than the OLS model. Hence
this model better fitted the predictors for the ex-

plained variable. The SEM revealed that a 10 %
increase in the proportion of uneducated moth-
ers in a district, resulted in a 2.2 % increment
in child anaemia (Coefficient (Coeff) = 0.225; p <
0.05). Similarly, a 10 % rise in the poorest wealth
index within a district led to a 0.09 % increase in
child anaemia (Coeff = 0.094; p < 0.05). Addition-
ally, anaemic mothers significantly contributed
as a risk factor for child anaemia in a district;
for example, there was a 5.3 % increase in child
anaemia for every 10 % rise in the proportion
of mothers with anaemia in a particular district
(Coeff=0.531; p < 0.05). Among other predictors,
a higher childbirth order was a notable risk fac-
tor for child anaemia in a district (Coeff = 0.357;
p < 0.05).

Discussion

Analysis of NFHS-5 (2019-21) data has unveiled
several significant determinants of childhood
anaemia in India like anaemia status of mothers,
mother age, maternal education, birth order, me-
dia exposure, wealth quantile etc. Some scholars
have suggested the existence of multiple path-
ways linking childhood anaemia to the iron sta-
tus of both children and their mothers.?! For in-
stance, antenatal anaemia can affect birth weight
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and increase the risk of premature deliveries, a
key factor in childhood anaemia.??

Maternal age showed a significant effect on anae-
mia status of their children. Mothers age (35 years
and above) showed a protective effect for anaemia
in children. This could be due to low maternal age
contributing to low birth weight (LBW) babies,
in turn, LBW in children might contribute to low
haemoglobin levels thus resulting in anaemia.?3-2¢
Supporting presented findings, conclusions from
other studies also suggest that women with a low
educational level are more likely to have anaemic
children, highlighting a significant association
between education and anaemia.?’?° This could
be because the mother’s level of education, influ-
ences the practices related to the child’s health
care.?> 3! This study highlights statistically sig-
nificant associations between household wealth
and anaemia.

Presented study shows Hindu and Muslim wom-
en were more likely to anaemic children com-
pared to women of other religion. Also, likelihood
of child anaemia is higher in SC and ST categories
against other castes. Social factors were found to
be significantly associated with the prevalence of
anaemia among children reported by other stud-
ies as well. This could be due to the limited ed-
ucational opportunities, discrimination and so-
cial inequality which affect the awareness about
healthcare practices and nutrition among SC and
ST communities.?*3*

In this study it was observed that, children with
lower birth orders were less likely to be anaemic
compared to those with higher birth order, which
is supported by various other studies as well.?>
36 This could be because an increase in the num-
ber of children associated with increased health
problems due to competition for food, infections
and cross contaminations.3*

This study also indicated that children from
mothers with no media exposure were more like-
ly be anaemic compared to those from mothers
with media exposure. This finding is supported
by other studies where children from mothers
with no media exposure were more likely to re-
port anaemia compared to their counterparts.3*
36 The reason could be that the mothers’ media
exposure may affect childcare practices through
enhancing the knowledge of mothers on child
feeding activities, disease prevention practices
and improving health-seeking behaviours.?”
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Presented study observed that trend and pattern
was the same over different states but varied
slightly in magnitude. Severe anaemia prevalence
was seen among western and central zone states.
The states identified were Gujarat, Rajasthan,
Madhya Pradesh, Haryana, Jammu and Kashmir,
Karnataka and Maharashtra. More focus should
be placed on these states. In this study child
anaemia also exhibited a positive autocorrelation
with its covariates among Indian districts, with
hotspots identified in the western and central re-
gions, including states such as Gujarat, Rajasthan,
Madhya Pradesh, Haryana, Jammu and Kashmir,
Ladakh and certain districts in Uttar Pradesh,
Bihar, West Bengal, Odisha and Andhra Pradesh.
These findings are consistent with a district-level
study in India, which observed similar patterns
and hotspot regions for child anaemia.?®

These analyses provide region-specific spatial in-
formation which can help in decision-making, pol-
icy formulation and effective assessment of anae-
mia prevention and control among children. The
current study has however a few limitations that
need to be acknowledged. Firstly, the NFHS data-
set lacked information on the underlying causes
of anaemia, precluding their inclusion in analysis.
Secondly, haemoglobin levels were measured us-
ing the battery-operated portable HemoCue Hb
201+ analyser, which raised concerns about its ac-
curacy compared to lab-based methods. Future
research in this area is recommended to explore
this association and gain a more profound under-
standing of its implications.

Conclusion

Several important issues emerged from the
study such as maternal education, socio-eco-
nomic status, media exposer etc were found to
be key factors of childhood anaemia in India.
The present study does not only contribute
to highlighting remarkable factors affecting
the anaemia in children but also examines the
geographical variations in anaemia. Compre-
hensive intervention strategies such as ed-
ucating mothers, specially residing in rural
areas about the harmful impacts of anaemia
should be implemented and should target the
hot spot districts with the highest prevalence

of anaemia.
N\ J
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