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Ecosystems Determinants of Nutritional Adequacy
Among the Indian Preschool Children
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Abstract | Given the specified importance of dietary diversity in reduc-
ing the burden of malnutrition, our study explores the reasons for the
high rate of malnutrition in India through assessment of a comprehen-
sive range of ecosystem factors leading to poor nutrients intake. The
study uses the Dietary Diversity Score (DDS) to investigate preschoolers,
through differences in wealth, gender, and health. Demographic and
Health Survey (2015-16) data of 1,40,470 preschool children between
the ages of 2-5 years, is investigated using the Bronfenbrenner’s Eco-
logical Systems Theory. Multiple linear regression models developed
to investigate the association between variables, depict the importance
of vaccination (p-value<0.01, 95% CI 0.02-0.06) as positively impact-
ing the outcome measures. Interestingly, overall wealth index does not
impact the dietary diversity of the child. The lower wealth index, how-
ever, significantly impacts the DDS of the female child as compared to
the male child (p-value<0.1, 95% CI — 0.03 to 0.02), indicating that the
lower wealth index plays a role in developing the non-egalitarian gender
attitudes for female children. Policy implications involve adapting biofor-
tified foods with higher density of nutrients with major focus on female
children to minimize the gender gap and leveraging the digital technol-
ogy such as telemedicine, and advanced techniques such as artificial
intelligence, machine learning, and big data to offer real-time surveil-
lance to address the healthcare needs in the ongoing immunization

programs.

Keywords: Bronfenbrenner ecological systems theory, Dietary diversity, Preschool children, Health,

Gender, Wealth index

1 Introduction

The recent report by UNICEF highlights the high
rate of mortality among children under five years.
More than half of these early child deaths are
attributable to malnutrition, particularly in the
case of countries with extreme poverty, gender
inequality, lack of access to healthcare, and wide
disparities of wealth. Inadequate intake of macro-
nutrients, including proteins, carbohydrates,
and fats, which are essential for providing body

energy could lead to malnutrition and anaemia
in children'®. For instance, protein-energy defi-
ciency influences physical growth and manifests
as undernutrition in forms of underweight (low
body weight for certain age), stunting (impaired
liner growth), wasting (actual weight loss), and
nutritional anemia (Rodriguez et al. 201 - 1p
addition, low-carbohydrate diets may contribute
to rapid weight loss due to the restrict kilojoules
or energy.
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Besides undernutrition, faulty CF practices
and poor diet habits (e.g., excessive sugar intake
and processed carbohydrates) also possibly con-
tributes to the increasing trend in overweight or
obesity of children”. Further, deficiency in
macronutrients negatively impacts cognition and
emotion, early brain development, and increases
susceptibility to diseases across the lifespan’®.
The consumption of diverse diet contains all
the major food groups (vegetables, fruits, grains,
meat, and dairy products), therefore, is neces-
sary for achieving nutrient adequacy and optimal
growth and development.

Although, an increasing number of stud-
ies address the issue of child’s nutrients dietary
inadequacy, a comprehensive assessment of the
ecosystems variables leading to the nutrients
inadequacy remains limited. The available nutri-
tional data on nutritional health status in Indian
suggest the incidence of the burden of malnutri-
tion and the associated health problems among
children have reduced rather slowly and not com-
mensurate to the country’s economic growth in
the last decade™.

The current study attempts to assess a sam-
ple of preschool children from India to identify
factors at various ecosystem levels impacting
dietary adequacy of children. First, the paper
identifies the comprehensive determinants of
Dietary Diversity Score (DDS). Second, the paper
analyses predictors of DDS through three major
subgroups, namely, low and high wealth index,
with and without health problems (diarrhoea,
fever, and cough), and gender. Third, on basis of
the results we suggest policy implications which
could play a crucial role in addressing the lower
dietary diversity and improve the nutritional sta-
tus of preschool children in India. The national
population-based survey, Demographic and
Health Survey (2015-16) is used for the analysis.
The data of 1,40,470 preschool children between
the ages of 2-5 years in India are investigated
using the Bronfenbrenner’s Ecological Systems
Theory Model.

Given the hierarchical nature of the associa-
tion of various factors with nutritional status, it is
important to examine their effect at the different
levels at which they operate. Given the specified
importance of dietary diversity feeding prac-
tice approach to reduce the burden of malnutri-
tion, our study aims to understand the reasons
for the rate of malnutrition being significantly
high for India and what is the comprehensive
factors leading to the poor nutrients intake. The
study employs DDS of a child’s diet as a proxy for
nutrient adequacy in terms of intake of essential
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nutrients. The study contributes to the literature
by ascertaining the major contributors of DDS
among the various sub-groups namely gender
(male and female children), wealth index (low
and high) and children with health problems
(with and without any health problems).

The Bronfenbrenner’s ecological systems
theory’ forms the foundational context for the
analysis. The theory moves beyond food to iden-
tify factors at various environmental levels put-
ting children at higher risk of defective growth
and malnutrition. According to Bronfenbren-
ner’, a child’s surrounding environment plays a
significant role in physical growth and further,
shaping up a child’s nutritional health status®.
Annexure 1 presents some of the major studies
using the theory to study child nutritional health
status. The authors identify levels of determi-
nants/influences namely, microsystem, mesosys-
tem, exosystem, macrosystem, and chronosystem
level influences on a child’s physical growth and
development®. Although numerous studies dem-
onstrate the range of factors influencing a child’s
nutritional health status, Bronfenbrenner’s eco-
logical systems theory provides a way to analyze
the comprehensive ecosystem surrounding the
children to identify what might influence their
nutritional status'®. Thus, we investigate the
influence factors in overall and context of wealth
index, health problems, and sex of children, on
a child’s dietary diversity intake with the help of
Bronfenbrenner’s theory.

The paper contains five sections. Section 2
presents the method used for analysis, including
the theoretical foundation and data analysis. Sec-
tion 3 presents the results of the analysis, followed
by a discussion on the key findings in Sect. 4. Sec-
tion 5 presents the conclusion and implications
derived from the study.

2 Methods

2.1 Study Design

The study involves a cross-sectional popula-
tion-based analysis, using the Demographic
and Health Survey (DHS) data. The DHS data
were collected in the year 2015-2016, in India.
The DHS data set includes key information for
2.5 million children from India on 1340 vari-
ables, including children’s health, nutrition,
and demographic indicators including house-
hold, maternal characteristics, socioeconomic,
environmental conditions, and region of the
country, among others. The dataset has one
record for every child of interviewed women or
caretaker, born in the five years preceding the
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survey. The study design explores the relation-
ship between dietary diversity score (DDS) and
ecosystem variables of preschool children in
overall as well as major context of wealth index,
health problem and sex of children. Missing val-
ues in the data set get included using predictive
mean matching which replaces the missing val-
ues according to the distribution of each data-
point. In the final analysis, data extracted for
preschool children constituting observations
on 27 variables for 1,40,470 children in the age
range of 2-5 years.

The DHS program utilizes wealth index to
indicate inequalities in household characteristics.
The wealth index uses expenditure and income
measures to create wealth scores for a household.
The wealth scores get classified based on the five
groups namely poorest, poorer, middle, richer,
and richest households. The study combined the
poorest and poorer households and build up the
group of low wealth index children and com-
bined the richer and richest households and build
up the group of high wealth index children.

The current study measured the health prob-
lem by the prevalence of any one of the following
illnesses in the last 2 weeks before the interview:
diarrhoea, fever, and cough. The problem with
access to health care measured by if mothers
faced any one of the following problems: get-
ting permission to go, getting money needed for
treatment, distance to health facility, having to
take transport, not wanting to go alone, concern
no female health provider, concern no provider,
and concern no drugs available, for getting medi-
cal help for self. Additionally, as recommended
by WHO child’s growth standards of the height-
for-age (HAZ), weight-for-height (WHZ), and
weight for age (WAZ)**, we classified the data set
into the following categories:

e Stunting: height for age<— 2 SD of the WHO
Child Growth Standards median.

e Wasting: weight for height<— 2 SD of the
WHO Child Growth Standards median.

e Overweight: weight for height>+2 SD of the
WHO Child Growth Standards median.

e Underweight: weight for age <— 2 standard
deviations (SD) of the WHO Child Growth
Standards median.

e Overweight: weight for age>+2 SD of the
WHO Child Growth Standards median.

The DHS measured the anaemia level of a
child as follows:
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e Mild anaemia: haemoglobin count is
between 10.0 and 10.9 g per decilitre (g/dl).

e Moderate anaemia: haemoglobin count is
between 7.0 and 9.9 g per decilitre (g/dl).

e Severe anaemia: haemoglobin count is less
than 7.0 g per decilitre (g/dl).

Institutional Review Board (IRB) approval
was taken from The Demographic and Health
Surveys Program (DHSP). We registered at the
Program and sought the approval. The regis-
tration and approval were granted and allowed
for access to the data set and use of the data for
statistical reporting and analysis. The approval
letter is attached at the end of the manuscript.

2.2 Measures: Dependent Variables

Based on the recommendation of Food and
Agriculture Organization of the United
Nations (FAO) in guidelines”, the current
study measures an individual’s dietary diversity
score (DDS), as proxy measures for macro-and
micronutrients adequacy of the diet and fur-
ther classify the following food groups:

e Food groups considered were cereals/roots,
vegetables, fruits, legumes/lentils, meat/fish/
egg, and milk/dairy products.

Dietary Diversity is defined as the number
of different foods or food groups consumed in
the previous day. DDS was calculated by sum-
ming the number of times a unique food group
was consumed during the last 24 h. DDS takes
into account a quantity of any food group
eaten for the day. In other words, DDS is cal-
culated by considering the number of times a
food group gets eaten that day, and not consid-
ering the minimum intake for that food group.
The DDS ranges from 0 to 6. As an effective
indicator of nutritional status, DDS forms the
dependent variable in our study.

2.3 Measures: Independent Variables

2.3.1 Bronfenbrenner’s Ecological Systems
Theory

Bronfenbrenner’s ecological systems theory’

forms the base to understand and organizes the

ecosystem variables. The theory classified the

child’s surrounding environment into five nested

levels, namely, the microsystem, the mesosys-

tem, the exosystem, the macrosystem, and the

chronosystem.
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The microsystem level refers to immediate
surroundings and direct contact of a child includ-
ing family, school, peers, and childcare envi-
ronments’. Factors like maternal health', and
early child care® can describe as the closest and
direct contact of a child. Additionally, the general
home conditions on water, sanitation, hygiene
(WASH)", and housing status directly impact
child health as well'’.

Mesosystem describes the connection between
microsystem factors. In other words, the interre-
lationship between two or more individuals in the
microsystem influencing a child’ growth and are
salient to children’s development®. The variables
include interaction or association between par-
ents and healthcare facilities, access to the health-
care facilities, and mother’s anthropometry such
as Body Mass Index (BMI) and height during
pregnancy, childbirth and early childhood influ-
encing on child’s overall health and development
with short-term and long-term consequences®.

The third level of the system, the exosystem,
defines the larger social system and explains the
linked among formal and informal social settings.
The variables of the exosystem may not interact
with the child directly but strongly influence one
or more microsystem structures and thus, indi-
rectly affect the child’s development (Angela’.
The exosystem level underlines the importance
of community-based family resources and com-
munity support such as education, health, nutri-
tional programs, and services for child care
activities®® .

Macrosystem, the fourth level, looks at the
influence of society and cultural elements such
as socioeconomic status, poverty, wealth, and
geographic location on a child’s development™”
%, Geographical location (for example, rural ver-
sus urban; hills versus plains), socioeconomic
status (for example, low income, low education
and social underprivilege) and cultural effects
(for example undervaluation of female child,
and status of parents in the family) impact child
development.

The fifth and final level of the system, the
chronosystem level refers to all the major envi-
ronmental transitions across the childhood
growth period®” **. The chronosystem environ-
mental level includes the life transition occurring
over the lifetime such as parents’ marital status,
financial status, parental healthcare challenges
and hardship of single parenting which can lead
to insufficient care and higher vulnerability
towards physical and mental problems'?.

Q
1ISc

The independent variables are listed in
Table 1. The independent variables are catego-
rized as per the theory in Fig. 1.

Observations of 1340 variables for 2.5 lakhs
children, from the DHS data set. Out of the
1340 variables in the data set, the present study
included 78 variables as relevant for the study.
Among children under 5 years, we take observa-
tions from 1,40,470 children with age 2-5 years
old and removed the rows involving data of chil-
dren who were not alive at the time of the sur-
vey. We have included the missing values in the
data set using predictive mean matching which
replaces the missing values according to the dis-
tribution of each datapoint.

Next, to measure the nutrients adequacy of a
child’s diet, the current study employed Dietary
Diversity Score (DDS) as the indicator for nutri-
tional adequacy and quality of a diet. Among the
78 variables identified from the DHS data set,
bivariate correlation analysis led to dropping of
variables with significant correlated, to avoid the
multicollinearity issues and finally, our dataset for
the analysis consists of 27 variables.

2.4 Data Analysis

Multiple linear regression (MLR) analysis models
are employed to evaluate the influence of inde-
pendent variables on DDS of preschool children.
The models are developed for high wealth index
and low wealth index, children with health prob-
lem and children who does not having health
problem, and male and female children as three
discrete categories to determine the key factors
influencing the DDS of children as the dependent
variables. Tables 2 and 3 provide the descriptive
analysis of the data.

3 Results

Variable characteristics and children DDS of
six major food groups are shown in Tables 2
and 3. Approximately 3.30% of male chil-
dren (n=2445), and 3.20% of female children
(n=2172) were consuming all six major food
groups including cereals/roots, vegetables, fruits,
legumes/lentils, meat/fish/egg, and milk/dairy
products (DDS ranges from 0 to 6) in the last
24-hours or previous day.

Table 2 shows close to 30.30% of children who
did not consume all the major food groups were
in the locations classified as rural by the DHS.
Existing evidence suggest the poor state of rural
households’ dietary adequacy (e.g., the extent
of calorie inadequacy ranged from 10 to 50% or
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Table 1: Independent variables.

Environmental levels Independent variables

Nature of variables

Individual characteristics (e.g., Child’s biological characteristics Sex of child Categorical

sex, health, etc) Child’s health status

Health problems (fever, diar- Categorical
rhoea, cough)

Child’s anaemia level Categorical
Child's anthropometric meas-  Height for age (normal- Categorical
urements stunted)

Child’s nutritional intake

Microsystem (e.g., family, Maternal health status
parents, and immediate

environment) Housing characteristics

Mesosystem (e.g., relation- Maternal anthropometry
ship among microsystem
structures such as parents

and health center) Access to healthcare

Exosytem (e.g., parents
experience effect on a child
experience)

Social welfare systems

Education

Macrosystem (e.g., geo- Geographical Location

graphic location and wealth

status) Wealth index
Maternal socioeconomic
Chronosystem (e.qg., life Life transition
transition such as parents’
divorce)

Weight for age (normal-under- Categorical
weight-overweight)

Weight for height (normal- Categorical
stunted)

Vitamin A in last 6 months Categorical

Taking iron pills sprinkles or Categorical
syrup

Breastfeeding Categorical

Maternal Anaemia level Categorical

Source of drinking water Categorical

Types of cooking fuels Categorical

Types of toilet facilities Categorical

Housing contraction materials ~ Categorical
(floor, roof, wall)

Weight, height, arm circumfer-  Numerical
ence

Maternal problem with access  Categorical
to healthcare

Number of antenatal visits Numerical

Baby postnatal check-up Categorical

Ever had vaccination Categorical

Received polio vaccinate (all Categorical
doses)

Received DPT vaccinate (all Categorical
doses)

Anganwadi benefits during Categorical
pregnancy

Child received benefits from Categorical

Anganwadi/ICDS center

Mother received benefits while Categorical
breastfeeding from Angan-
wadi/ICDS center

Mother’s education level Categorical
Type of place of residence Categorical

Household’s cumulative living ~ Categorical
standard

Work status in last 12 months  Categorical

Marital status Categorical

more) which describes the wide variations in the
feeding practices between urban and rural areas**.
Furthermore, the DDS of malnourished

children proxied by macronutrients and

J. Indian Inst. Sci. IVOL 102:21811-829 April 2022/journal.iisc.ernet.in

micronutrients deficiency illustrates the food
insecurity and improper feeding practices of a
preschool children in households. For instance,
close to 27.90% of stunted children, 26.00% of
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Chronosystem

Macrosystem

Exosystem

Mesosystem

Microsystem

Individual
characteristics
Sex and health

Maternal Marital status

Figure 1: The Ecosystem-based placing of the variables.

wasted children, 26.00% underweight children,
and 28.60% of overweight children did not con-
sume all the major food groups. Most notably,
32.20% of children whose mothers’ education
level is limited at the primary level did not receive
any of the major food groups, suggesting the
association between lower educational level of
mothers and poor feeding practices of children'.

Table 3 describes that the high percent-
age (40%) of wasted children belonged to low
wealth index households, 17.20% of children
faced health problems in terms fever, diar-
rhoea, and cough, and 35.10% of female chil-
dren were underweight. Most notably, 81% of
children faced access to healthcare are belong
to the low and middle wealth index house-
holds. These findings signifying the poor states
of wealth reduce household’s ability to access to
healthcare as well as feed adequate and balanced
micro-nutrient rich food to children’.

Table 4 illustrates the results of the regres-
sion models. The table describes the linear
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association between the DDS of children and
various factors within the ecological environ-
mental levels listed in Table 4.

We probe this association in two ways, first
in the presence of all the variables represented
by an Overall model and second, we investigate
the interaction of all the factors with various
sub-groups of children through DDS. These
sub-groups include wealth index (low and
high), health problems in terms of diarrhoea,
fever, and cough (no/didn’t face and yes/faced),
and gender (male and female). In all the mod-
els, we focus on factors with odds ratio greater
than 1.0, which reflects a greater likelihood of
having the outcomes.

Polio vaccine plays a positive significant
role in DDS of children (p-value<0.01, 95% CI
0.02-0.06). Sufficient herd immunity, which can
be established by adequate vaccination rates,
is required to prevent person-to-person trans-
mission of infectious diseases which may cause
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Table 3: Descriptive statistics

Wealth index in percentage (%)

Health problems Gender in per-
in percentage centage (%)
(%)

Variables characteristics Poorest Poorer Middle

Richer Richest No Yes Male Female

Child’s anaemia level

Severe 1.10 1.20 1.20
Moderate 22.70 22.20 22.50
Mild 26.10 25.90 25.90
Not anaemic 50.10 50.70 50.40
Height for age

Stunted 40.00 38.70 39.70
Weight for height

Wasted 16.80 16.80 17.00
Weight for age

Underweight 35.50 34.80 35.00
Overweight 6.60 6.60 6.60

Faced problem with
access to healthcare

Yes 81.00 81.10 81.00
Type of place of resi-
dence

Rural 23.80 23.50 23.70
Urban 76.20 76.50 76.30
Mother education level

No education 31.90 31.60 30.50
Primary 14.70 14.70 14.80
Secondary 44.20 44.70 45.20
Higher 9.30 9.00 9.50

1.20 1.10 1.20 1.10 1.20 1.10
23.10 2330 2260 23.10 22.60 22.80
26.00 25.60 25.80 26.20 26.00 25.90
49.70  49.90 5040 49.60 50.20 50.20

39.20 39.10 3950 39.10 3940 39.40

16.90 16.10 16.70 17.20 16.80 16.80

3480 34.30 3490 35.00 34.80 35.10
6.80 6.50 6.50 7.00 6.60 6.60

79.90 79.30 80.60 80.70 80.70 80.50

23.80 24.20 2390 23.40 2390 23.70
76.20  75.80 76.10 76.60 76.10 76.30

31.00 30.80 32.00 2880 31.20 31.30
14.70  14.20 1440 15.60 1450 14.80
4530 4550 4440 46.40 4490 4490

9.00 9.50 9.20 9.20 9.50 9.00

diversion of nutrients for the immune response,
poor appetite and low dietary intake'”.

Our study highlights the finding of specific
differences in low and high wealth index of the
household highlights no differences in the impact
of various ecosystems due to wealth. This implies
the inequality of wealth index does not form a
major differentiator in DDS of children and may
not be an appropriate indicator of dietary ade-
quacy and diversity. However, the gender model
depicts that the lower wealth index negatively
impacts on DDS of female children in poorer
wealth index (p-value<0.1, 95% CI — 0.03 to
0.02) and middle wealth index (p-value<O0.1,
95% CI — 0.05 to 0.01) households. Most nota-
bly, the findings show that the maternal work
status (in last 12 months) does not attempt to
narrow down the non-egalitarian gender gap,
as the results reveal a positive impact of mother

J. Indian Inst. Sci. IVOL 102:21811-829 April 2022/journal.iisc.ernet.in

work status (p-value <0.05, 95% CI 0.00-0.12) on
DDS of male children.

Our results confirm the prevalence of anaemic
condition at moderate level (p-value<0.05, 95%
CI — 0.17 to 0.00) and mild level (p-value <0.01,
95% CI — 0.24 to 0.08) (emerged as a strong
negative contributor to the dietary adequacy or
DDS. Notably, our results highlight the negative
impact of anaemia at severe level (p-value <0.05,
95% CI — 0.14 to 0.02) on female children. This
is in line with previous studies inferring the ender
inequality plays an important role in skewing the
distribution of food against the female child®.
Further, deficiency in food nutrients increases the
prevalence of anaemia is followed by loss of appe-
tite in female children. Surprisingly, child’s health
problem including diarrhoea, fever and cough
(in last 12 days) has positive significant influ-
ence (p-value<0.01, 95% CI 0. 0.13-0.18) on
DDS of children which might be due to the better
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Table 4: Regression analysis results for DDS of children age between 2-5 years or preschool children

95% CI Wealth index Health problem Gender
Independent
variables Overall High Low Yes No Male Female
Child’s
individual
character-
istics
Sex of child —0.010 — 0.03 to 0.002 —0.014 —0.023 — 0.007 0.00 0.00
(male- 0.01
female?)
Health 0.155*** 0.13 to 0.152*** (0.155%** 0.00 0.00 0.160*** 0.149***
problems 0.18
(diarrhoea,
fever, cough)
(yes—no?)
Child anaemia — 0.056 —0.14to - 0.058 —0.027 0.073 — 0.091** 0.000 —0.121**
level 0.02
(severe—not
anaemic®)
Child anaemia — 0.085** —0.17 to —0.083 — 0.054 0.046 —0.122*** - 0.062 —0.117*
level (moder- 0.00
ate—not
anaemic?)
Child anaemia — 0.158*** —024to —0.160** —0.129**  —0.038 —0.193***  _0.115%*  —0.213%**
level 0.08
(mild-not
anaemic®)
Height for age 0.007 —0.02 to 0.016 —0.012 0.004 0.008 0.001 0.012
(stunted— 0.03
normal®)
Weight for age 0.091 0.01 to 0.050 0.112** 0.061 0.104** 0.039 0.157***
(under- 0.17
weight-nor-
mal?)
Weight for age 0.001** —0.02 to 0.004 — 0.003 0.012 — 0.002 0.005 — 0.001
(overweight— 0.03
normal®)
Weight for 0.008 — 0.06 to 0.068 —0.017 — 0.009 0.012 0.060 —0.047
height 0.08
(wasted—
normal®)
Weight for —0.019 — 0.04 to —0.022 —0.016 —0.032 —0.014 —0.026 — 0.008
height 0.01
(overweight—
normal®)
Takingiron  0.024** 0.00 to — 0.006 0.036** - 0.022 0.034** 0.020 0.025
pills sprinkles 0.05
or syrup
(yes—no?)
Vitamin A —0.056*** —008to —0.069*** —0.056*** —0.023 —0.067***  —0.056*** — 0.060%**
in last —0.04
6 months
(yes—no?)
Breastfed (yes— 0.067*** 0.04 to 0.074**  0.074*** 0.068* 0.065*** 0.056*** 0.076***
no?) 0.10
Microsystem
environmen-
tal level
Maternal 0.008 — 0.08 to 0.001 0.044 0.113 —0.017 0.029 —0.013
anaemia 0.10
level
(severe—not
anaemic®)
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Table 4: (continued)
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Independent

variables Overall

95% Cl

Wealth index

Health problem

High

Low

Yes

No

Gender

Male Female

Maternal — 0.046
anaemia

level (moder-

ate-not

anaemic?)

Maternal
anaemia
level
(mild-not
anaemic?)

—0.039

Source of
drinking
water (dug
well-piped
water?)

— 0.088***

Source of 0.009
drink-
ing water
(water from
spring—piped
water?)

Type of cook-  — 0.311***
ing fuel
(solid fuels—

clean fuels?)

Type of — 0.034***
toilet facility

(unim-

proved—

improved?)

Main floor 0.048**
material

(rudimentary
floor-natural

floor?)

Main floor 0.136***
material

(finished

floor—natural

floor?)

Main roof
material
(rudimentary
roofing—
natural
roofing®)

— 0.086***

Main roof —0.022
material (fin-

ished roof-
ing-natural

roofing?®)

Main wall 0.006
material
(rudimentary
walls—natu-
ral walls?)

Main wall — 0.064***
material

(finished

walls—natu-

ral walls?)

—0.13to
0.04

—0.12 to
0.05

—-0.11to
—0.07

—0.03to
0.04

— 0.06 to
— 043

—0.02to
—0.04

0.01to
0.08

0.11 to
0.16

—0.14to
—0.04

— 0.05to
0.01

—0.03to
0.04

— 0.09 to
—0.04

—0.084

— 0.066

— 0.082***

0.003

— 0.332%**

— 0.040**

0.080**

0.130***

—0.131x**

—0.043

0.037

— 0.052**

— 0.004

0.002

— 0.093***

— 0.004

— 0.297***

— 0.033**

0.036

0.143***

— 0.063*

— 0.004

0.006

— 0.054***

0.040

0.017

— 0.100***

0.069*

— 0.490%**

— 0.006

—0.003

0.144***

— 0.180***

— 0.064*

—0.067

— 0.052

— 0.084***

— 0.008

— 0.260***

— 0.043***

0.059***

0.132%**

— 0.059**

— 0.009

— 0.004 0.010

— 0.079***

— 0.060***

—0.020 —0.073

—0.017

—0.062

— 0.077***

— 0.099***

0.025 — 0.008

—0.302***  —0.317***

— 0.028*

— 0.041***

0.058* 0.036

0.1271***

0.153***

—0.082** — 0.090**

— 0.006

—0.038

0.005 0.007

—0.052***  —0.078***

Mesosystem
environmen-
tal level

J. Indian Inst. Sci. IVOL 102:21811-829 April 2022/journal.iisc.ernet.in

@ Springer %

821



B. Afsharinia et al.

Table 4: (continued)

95% ClI Wealth index Health problem Gender

Independent

variables Overall High Low Yes No Male Female

Maternal 0.007 *** 0.00 to 0.001*** 0.001*** 0.007 *** 0.007 *** 0.001*** 0.001***
height (cm) 0.00

Maternal <0.01*** 0.00 to <0.01** <0.01 <0.01** 0.000** <0.01* <0.01**
weight (kg) 0.00

Arm circumfer- 0.017*** 0.01 to 0.017*** 0.016*** 0.018*** 0.016%** 0.019*** 0.014%**
ence 0.02

Problem with  —0.033*** —0.06t0 — 0.029 —-0.030*  0.001 —0.042%**  —0.027* — 0.040%*
access to —0.01
healthcare
(yes—no?)

Number of 0.008*** 0.01 to 0.009***  0.009*** 0.006*** 0.009*** 0.008*** 0.008***
antenatal 0.01
visits during
pregnancy
(yes—no?)

Baby postnatal 0.027*** 0.01 to 0.040**  0.016 0.037* 0.022** 0.015 0.036%**
check within 0.05
2 months
(yes—no?)

Ever had 0.354*** 0.32 to 0.334*** (0.386*** 0.333*** 0.357*** 0.343*** 0.364***
vaccination 0.38
(yes—no?)

DPT (yes-no®) — 0.058*** —0.0to —0.078*** —0.028 —0.041 —0.064***  —0.042** — 0.078***

0.03
Polio (yes—no?) 0.041*** 0.02 to 0.045**  0.046*** 0.059* 0.036** 0.034** 0.049***
0.06

Exosytem
environmen-
tal level

Child ben- 0.192*** 0.17 to 0.158***  (0.219*** 0.195%** 0.190*** 0.184*** 0.199***
efited from 0.21
Anganwadi/
ICDS centre
(yes—no?)

During preg- — 0.117***  —0.14— —0.082***  —0.145***  —0.076*** —0.132***  —0.113*** —(.123***
nancy ben- —0.09
efited from
Anganwadi/
ICDS centre
(yes—no?)

While breast-  0.097*** 0.07 to 0.094***  0.111*** 0.038 0.118*** 0.100%*** 0.095***
feeding ben- 0.12
efited from
Anganwadi/
ICDS centre
(yes—no?)

Mother educa- 0.042*** 0.01 to 0.031 0.036* 0.013 0.051*** 0.046** 0.037*
tion level 0.07
(primary—no
education?)

Mother educa- 0.128*** 0.11 to 0.147***  0.109*** 0.143*** 0.124%** 0.144%** ONTZAE
tion level 0.15
(second-
ary-no
education?)

Mother educa- 0.226*** 0.19to 0.234***  0.201*** 0.267*** 0.215*** 0.249*** 0.200***
tion level 0.26
(higher-no
education?)

Macrosystem
environmen-
tal level
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Table 4: (continued)

95% Cl Wealth index
Independent

Health problem Gender

variables Overall High Low

Yes No Male Female

Type of place  — 0.057** —008to —0.073*** —0.063*** —0.089*** —0.049*** —0.063*** — 0.050***

of residence —0.03
(rural-
urban?)

Wealth index — 0.007 —0.03t0 0.00 0.00
(poorer— 0.02
poorest?)

Wealth index — 0.019 — 0.05to0 0.00 0.00
(middle— 0.01
poorest?)

Wealth index — 0.010 — 0.04 to 0.00 0.00
(richer— 0.02
poorest?)

Wealth index  — 0.004 —0.03t0 0.00 0.00
(richest— 0.02
poorest?)

Maternal 0.026 —0.02 to 0.018 0.032

worked 0.07
in last

12 months

(women)

(yes—no?)

Chronosystem
environmen-
tal level

Marital status  0.220* —0.02to 0.099 0.065

(never mar- 0.46
ried nor

lived in a

consensual

union-legally

or formally

married?)

Marital status  0.191 — 0.06 to 0.041 0.028

(not formally 0.44
married but

living with a

man/woman

in a consen-

sual union—

formally

married?)

Marital status ~ 0.064 —0.23to —0.058 — 0.047

(widowed— 0.35
formally
married?)

Marital status  0.134 —0.13t0 0.128 0.001

(divorced- 0.40
formally
married?)

—0.0451*  0.0032 0.013 —0.029*

—0.0338 —0.0157 — 0.007 —0.033*

—0.015 — 0.008 —0.016 —0.003

— 0.046 0.007 0.007 —0.017

0.042 0.017 0.062** —0.018

0.073 0.275* 0.271 0.183

0.153 0.213 0.261 0.130

0.160 0.056 0.159 —0.017

—0.023 0.189 0.149 0.125

Cl confidence interval; significance determined at p<0.1; ***p<0.01, **p<0.05, *p<0.1

@ Represents reference level

nutritional healthcare of child’s caretakers during
a child’s illness.

Our results highlight that housing status plays
a significant role in influencing the DDS of child.
The standard housing construction such as rudi-
mentary (p-value<0.05, 95% CI 0.01-0.08) and
finished (p-value <0.01, 95% CI 0.11-0.16) floors
get positively associated with the DDS, protect-
ing a child from allergic, respiratory, neurological,

J. Indian Inst. Sci. IVOL 102:21811-829 April 2022/journal.iisc.ernet.in

and infectious illness which reduce the dietary
intake®. On the contrary, household source of
dug well drinking water (p-value<0.01, 95%
CI — 0.11 to — 0.07), unimproved type of toilet
facility (p-value<0.01, 95% CI — 0.02 to — 0.04),
and solid cooking fuels (p-value<0.01, 95% CI
— 0.06 to — 0.43) negatively influence on DDS of
children.
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Maternal lack of access to healthcare services
due to barriers such as getting permission to go,
money for treatment, and distance to health, and
not wanting to go alone, among others are major
causes of delay to diagnose, prevent, and treat-
ments of health issues of mother and child*,
and negatively contributes to low DDS of child
(p-value<0.01, 95% CI — 0.06 to — 0.01). Our
results confirm the same. Additionally, increase
in number of antenatal visits during pregnancy
(p-value<0.01, 95% CI 0.01-0.01), and baby
postnatal care (p-value<0.01, 95% CI 0.01-0.05)
positively influence on DDS of children. Moth-
er’s primary level of education positively impact
(p-value<0.1, 95% CI 0.00-0.07) on DDS of
children in low wealth index (p-value<0.01,
95% CI 0.02-0.08), and children with health
problems (p-value<0.01, 95% CI 0.02-0.08).
Our results confirm the role of mother’s height
(p-value<0.01, 95% CI 0.00-0.00), weight
(p-value<0.01, 95% CI 0.00-0.00) on DDS of
child.

Adding to the relationship between anaemia
level and DDS, the study reaffirms a significant
positive association that exists between the iron
intake and DDS (p-value<0.05, 95% CI 0.00-
0.05), particularly in DDS of low wealth index
children (p-value<0.05, 95% CI 0.00-0.07),
and children who did not faced health problem
(p-value<0.01, 95% CI 0.01-0.06). Reason being,
regular iron consumption prevents a child from
anaemia which could adversely affect the dietary
intake and reduce the DDS (Erdman et al. 2°'?).
In overall, results confirm the Anganwadi/ICDS
centre benefits among children (p-value<0.01,
95% CI 0.17-0.21) and breastfeeding moth-
ers (p-value<0.01, 95% CI 0.07-0.12) positively
impact on DDS of children, through contributes
to accessible nutrients food intake. Additionally,
the health model depicts that the ICDS benefits
of breastfeeding mothers (p-value <0.01, 95% CI
0.07-0.12) certainly impacts on DDS of children
who did not face any health issues.

4 Discussion

The present paper investigates the ecological fac-
tors influencing the dietary diversity of children
aged between 2 and 5 years old. The findings
present two noteworthy associations with DDS.
Importance of vaccination, and the decisive role
of low wealth index in dietary diversity of female
children. Moreover, the findings reaffirm the
existing literature by highlighting the criticality of
child’s health status, housing status, and maternal

Q
1ISc

access to healthcare in impacting the dietary ade-
quacy of a child.

Vaccination supports better immunization
and hence, associated with better nutritional sta-
tus of children. The results highlight that receiv-
ing polio vaccination is positively associated with
dietary diversity of a child. Polio vaccination
prevents a child from nutritional diseases (e.g.,
decreased appetite, nausea, fever, and abdominal
pain) and improve their overall health. India is a
principal producer and exporter of vaccines, but
still, it is home to one-third of the world’s under-
five children with no immunization*’, The insuf-
ficient vaccine coverage could be attributed to the
parental vaccine hesitancy with common con-
cerns including uncertainty about the need for
vaccination and questions about vaccine safety
and efficiency'’. According to UNICEEF, in India,
alongside with operational challenges in deliver-
ing vaccines to the country’s 1.38 billion people,
vaccine hesitancy remains a barrier, which led to
a resurgence of diseases and further, reduce the
appetite and nutrients intake. Additionally, the
existing literature highlights the gender discrimi-
nation, disfavouring female child as an important
determinant of childhood vaccination in India’'.

Another noteworthy result is the inequality of
wealth index does not form a major differentia-
tor in dietary diversity of children and may not be
an appropriate indicator of dietary adequacy and
diversity. This result confirms the report released
by the State of the World’s Children under
UNICEEF, stating that irrespective of wealth index
the children in India experience poor nutritional
status and inappropriate dietary intake*’. How-
ever, probing deeper into the results we find that
The DDS of female children is significantly lower
that of male children in the low wealth index
households. Existing literature suggests poverty in
developing countries including India is associated
with non-egalitarian gender attitudes such as son
preference and better nutritional care of male as
compared to female children®”. This may be one
of the leading causes of better dietary diversity
of male as compared to female children in these
populations. Most remarkably, the results suggest
a positive association between the maternal work
status (in last 12 months) and dietary diversity of
male children indicate increasing purchasing abil-
ity of a mother towards diverse nutritional foods
also does not narrow the gender gap in terms of
nutritional status'’.

Furthermore, the findings also confirm the
context of gender inequality due to the higher
prevalence of anaemia at severe level in female
children as compared to male children. Existing
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evidence have reported discrimination in diet
diversity, complementary feeding practices, basic
amenities, and healthcare against the girl child
in India®. The inadequate feeding practices and
healthcare of female children is one of the leading
causes in prevalence of anaemia and further sig-
nificant changes towards a decrease in appetite and
dietary intake and apparent in coverage of full and
no immunization in female children*. Our study
reaffirms the same.

In addition to the findings related to anaemia in
children, we find the negative association between
housing status (a reflector of wealth) including
solid cooking fuels and dietary diversity of a child
with health problem. Research shows the indoor
air pollution as a result of biomass fuel (wood,
charcoal, dung, and agricultural residues) use in
cooking in households is a major environmental
cause of anaemia”®, and resulting chronic health
issues including respiratory infections, chronic
lung diseases, prevalence of stunting growth, and
about 30% higher mortality rates among Indian
children*'. Our findings confirm the same.

Last, the findings indicate problems with access
to healthcare adversely impacting the dietary
diversity of a child. Existing evidence, particularly
in the context of India, shows the high prevalence
of morbidity and mortality, and the existence of
significant barriers to access healthcare services,
particularly for women. These barriers include
problems with access to healthcare facilities rooted
in gender discrimination such as forced to ask per-
mission or ask money from the spouse to go for
healthcare facilities for herself or child [29]. These
barriers are even more prominent in rural areas
with lower levels of education in India.

5 Conclusion and Policy Implications

The several significant ecosystems variables high-
light the need for large scale intervention for the
preschool children. For example, the low impact
of wealth index, the high negative impact of low
wealth index on DDS of female children, and the
fact that maternal occupation does not narrow
down the gender gap that demonstrates the social
dynamics of gender disparity in India.

In view of the gender gap in dietary diversity
of Indian preschool children, our study brings
out the need to introduce a modern nutritional
approach, independent of the social dynamics of
wealth and occupational status. Using biofortifi-
cation which involves breeding higher amounts
of vitamins and minerals directly into staple
foods and further improving the nutritional value
of the stable food. These staple crops include

J. Indian Inst. Sci. IVOL 102:21811-829 April 2022 ljournal.iisc.ernet.in @ Springer pi

bean, cassava, orange sweet potato, rice, maize,
pearl millet, and wheat. Adapting the biofortified
foods with higher density of nutrients with major
focus on female children through a larger plat-
form such as government schemes (e.g., Angan-
wadi/ICDS) could contribute to prevention of
poor nutritional health status of girls and mini-
mize the gender gap.

Biofortified crops have been developed via
conventional breeding or genetic engineering.
Genetic engineering enables simultaneous aug-
mentation of multiple micronutrients, along with
improving the post-harvest stability of vitamins,
whilst also including agronomically important
traits, such as enhanced yield and stress resilience.
Besides, in the last few years, the cost-effective-
ness and feasibility of implementing biofortifica-
tion using conventional breeding techniques has
been established as a key intervention to reduce
mineral and vitamin deficiencies in developing
countries. Likewise, in context of India, the bio-
fortification such as iron-rich staple foods (e.g.,
iron-rich rice and wheat varieties) has success-
tully resulted in prevention of nutritional diseases
such as anaemia (Finkelstein et al. 2°'%; Stein et al.
2008y

Furthermore, the problem of maternal access
to healthcare can be countered through technol-
ogy. In the context of global health, technol-
ogy’s potential to support equitable, affordable,
and effective health care systems is endless. This
intersection between technology and health,
‘digital health’, has to potential to bring broad
range of digital health solutions on the door-
step of the mother. For instance, in a very timely
intervention, the government of India released
Telemedicine practice guidelines for Registered
Medical Practitioners on March 25, 2020, amid
the COVID-19 outbreak (National TeleConsul-
tation Service Ministry of Health and Family
Welfare 2020).

Telemedicine is the delivery of healthcare
services from a distance and considered to be
the remote diagnosis and treatment of patients
by means of telecommunications technol-
ogy, thereby providing substantial healthcare to
low-income regions. Evidence suggested use of
telemedicine services could be a viable and cost-
effective option to ensure adherence to evidence-
based medicine and standardisation of care in
resource limited countries such as India (Ven-
katesh et al. 2°22).

Furthermore, to stay ahead of the curve in
demand for healthcare services and solutions,
organizations worldwide are turning to advanced
techniques such as artificial intelligence (AI),

f ]
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machine learning (ML), and big data. The appli-
cation of Al through (ML) and natural lan-
guage processing (NLP) can bring a tremendous
amount of value across the current healthcare
continuum to the delivery of improved outcomes.
The use of these technologies in healthcare will
also help support new models of “value-based
care” as these technologies can be leveraged to
drive more personalization and transformation in
healthcare to patients.

Our study highlights the ecosystems determi-
nants of the nutritional status of the preschool
children of India and advocates for use of tech-
nology like digital health platforms for the solu-
tion of the same. For example, using digital health
and bio fortification under the umbrella of large
nutritional health schemes such as Anganwadi
services could be an effective approach to provide
accessible nutritional healthcare for mothers and
children. For instance, improving the use of tech-
nology within nutritional health schemes (such
as data on smartphones) will result in real-time
accessibility to healthcare services particularly
for mothers. In addition to the timely health-
care facilities, the digital health platforms can be
employed to provide primary healthcare infor-
mation regarding antenatal care, postnatal care,
breastfeeding monitoring, dietary intake and vac-
cination reminder.
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