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Abstract

The 2020 Global Nutrition Report by UNICEF highlights the high rate of deaths among children under five years of
age, with India being one of the top five countries. Studies suggest that more than half of these early child deaths were
attributable to health issues associated with malnutrition, particularly in the case of countries with extreme poverty,
scarcity of essential resources, lack of access to appropriate healthcare, and wide disparities of wealth. We situated
our analysis on the lines of Bronfenbrenner’s ecological systems theory and interpreted the results through the lens of
this theory.Observations from 70618 children between ages of 2-5 years old, from poverty ridden communities in
India, were used. The poverty ridden households contain poorer and poorest populations classified by DHS based on
wealth index. Three measures, namely, stunted, wasted, underweight and overweight were calculated according to
WHO child growth standards, and used as dependent variables. The independent variables include child’s biological
characteristics, health status, dietary adequacy. We also analyzed the role of maternal factors such as mother’s
anthropometry, health status, education, access to healthcare facilities. In addition, the variables include home
environmental conditions, social welfare systems and geographical location. Binary Logistic Regression model two
sets of Multinomial Logistic regression models were developed for the analyses. We found that a child’s health,
particularly anaemia levels, vaccination and multivitamin access play a vital role in influencing a child’s
anthropometric measurements. Moreover, dietary diversity has a crucial role to play in forming a child’s height and
weight. Finally, we conclude that maternal factors including health status (anaemia levels and anthropometric
measurements) and access to healthcare facilities significantly influence a child’s likelihood to experience
malnutrition. Three levels, namely, microsystem, mesosystem and exosystem of the Bronfenbrenner’s ecological
systems theory emerge as most significant contributors to the likelihood of malnutrition. Implications for policymakers
include importance of access to healthcare as basic determinant of child well-being can help mothers to maintain and
improve their health status and prevent the health issues which has direct impact on likelihood of children malnutrition.

Keywords
Access to healthcare; Awareness of ICDS program; Bronfenbrenner ecological systems theory; Poverty ridden
children; Nutritional factors.

1. Introduction

Children are full of energy, ideas, and hope for the future. However, the Global Nutrition Report reveals that high
rates of deaths among children under 5 years are being reported all over the world (UNICEF, 2018). Further, a majority
of these deaths is attributable to malnutrition and its associated diseases, which are preventable with simple and
affordable interventions (Rice et al., 2000; Bryce et al., 2005; UNICEF, 2020). Child malnutrition, like many other
health outcomes, is a multifaceted problem appear in triple burden namely undernutrition, micronutrient
deficiencies/hidden hunger, and overweight or/and obesity (UNICEF, 2016). Malnutrition in its all forms primarily
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occurs due to the lack of nutritional adequacy in terms of limited or absence of consumption of diverse nutrients on a
regular basis, characterized as imbalanced or bulky diet (ChildrenforHealth, 2021; Ananya Mandal, 2019; WHO,
2020Db).

Malnutrition is regarded as one of the major impediments to child well-being affecting all areas of a child's physical
and mental health, body immunity, overall growth, and development (WHO, 2005; Ijarotimi, 2013). Evidence shows
that malnutrition is significantly associated with poverty and radically unequal distributions of income and assets,
within and across countries (Christensen, 2009). Poverty leads to unfavourable conditions and adverse influence on
social determinants of health which results in experiencing unreliable food supply and further, contributes to the
problem of malnutrition (Lee et al., 2020). The adverse consequences of malnutrition on health status of children
compel us to understand the major factors contributing to malnutrition and its associated diseases particularly in
poverty ridden communities with a higher prevalence of malnutrition.

Among other nations worldwide, India contributes the highest number of child deaths under five years of age
(EconomicTimes, 2019; UNICEF, 2019b). Existing evidence highlights a myriad of factors associated with
malnutrition and its associated diseases. Among others, factors such as lack of access to proper medical and health
care facilities for children and mothers, lack of sanitation and hygienic living environment, mother's lack of education
and large economic disparities are top risk factors responsible to aggravate the risk of the nutritional deficiency and
further, the prevalence of malnutrition and its associated diseases in children (Adarsh, 2020; Singh, 2020b; UNICEF,
2021). Consequently, disparities in access to the healthcare facilities, maternal education, and environmental
conditions remain major challenges in India.

Although the number of nutrition and health interventions including dietary diversification, food supplements, food
fortification, and biofortifications (Jha and Warkentin, 2020) have been employed to help individuals to change diets
towards consuming nutritious diets and provided proper nutrition to children and women (Maurya and Kushwaha,
2018), in India, studies have reported a comprehensive assessment of the ecosystems variables leading to the
prevalence of malnutrition remains limited. Besides, the latest national data available on nutritional health status in
India suggests the incidence of the burden of malnutrition among children has reduced rather slowly and not
commensurate to the country’s economic growth in the last decade (Singh, 2020a).

Hence, a relook at the relevant system variables leading to a negative impact on height and weight, particularly in the
context of poverty ridden communities with higher prevalence of malnutrition, becomes an urgent imperative. The
current study attempts to address this gap and contribute to more effective approaches in saving vulnerable children’s
lives from malnutrition.

The Bronfenbrenner’s ecological systems theory (Bronfenbrenner, 1979) forms the foundational context for the
analysis. The theory moves beyond food to identify factors at various environmental levels putting children at higher
risk of reduced growth and malnutrition. According to Bronfenbrenner (Bronfenbrenner, 1979), a child’ surrounding
environment plays a significant role in physical growth and further, shaping up a child’s nutritional health status
(Schell, Gallo and Ravenscroft, 2009; Zhoua and Cheah, 2016).

A look at the height and weight parameters of 70618 poverty ridden children from the DHS survey demonstrates
approximately 40% as stunted in height, 35% underweight and 25% not meeting their height to weight ratio (Table
1). The data reveals the significant prevalence of undernutrition in terms of stunted, wasted, and underweight among
the poverty ridden children. With this preliminary data analysis, we defined our objectives.

Table 1. DHS survey height and weight distribution of poverty ridden children

Height for age (HAZ) Weight for height (WHZ) Weight for age (WAZ)
Count | Percentage Count | Percentage Count Percentage
Stunted | 27834 | 39.4% Wasted 11859 16.8% Underweight | 24839 35.2%
Normal | 42784 | 60.6% Overweight | 5208 7.4% Overweight 4652 6.6%
Normal 53551 75.8% Normal 41127 58.2%
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1.1 Objectives

While several studies highlight the general nutritional determinants, existing literature lacks an empirical investigation
on determine the ecosystem and nutritional factors influencing the height and weight of poverty ridden children in
India. This study attempts to address this gap and specifically explore the influence of environmental factors on the
nutritional health status of a child, in the context of India.

The paper contains six sections. Section 2 presents the literature review. Section 3 explains the method used for
analysis, including the theoretical foundation and data analyses. Section 4 presents the results of the analyses, followed
by a discussion on the key findings in Section 5. Section 6 presents the conclusion and implications derived from the
study.

2. Literature Review

According to the Food and Agriculture Organization of the United Nations (FAO) and the International Policy Centre
for Inclusive Growth (IPC-IG), poverty and malnutrition remain as greatest challenges for countries (IPC-IG and
FAO, 2020). In addition, the 2020’ State of Food Security and Nutrition has reported that 60 million people have been
affected by hunger, and hunger numbers trending upward since 2014 (Khiem Nguyen, 2020). Hunger is mainly caused
by poverty and radically unequal distributions of income and assets, within and across countries (Christensen, 2009).
People due to the insufficient food intake often experience hunger, and over the long period of time due to the lack of
nutritious diet for maintaining the health and development this condition could leads to malnutrition. Malnutrition
affects people of every age, although infants, children, and teens may suffer the most because many nutrients are
critical for normal growth and development.

2.1 Malnutrition and health hazards

Malnutrition forms a key contributor to child morbidity and mortality worldwide (FAO, 2018; WHO, 2019b). The
Global Nutritional Report by WHO has been estimated, approximately 45% of deaths among children under five years
age are linked to undernutrition (WHO, 2019a), majorly due to the insufficient or lack of access to the essential
nutritious foods (HINDRISE, 2021). At the same time, evidence shows the overconsumption of processes food,
refined carbohydrates, added sugar, fats, oil, animal-sources foods and nutrition transition (shirt in dietary patterns)
are the leading causes of 38.2 million overweight and/or obese among children under five years age (Popkin, Adair
and Ng, 2012; WHO, 2021b, 2021c). Besides, studies reveals as consequences of diets with low variety, in particular,
low in iron, vitamin A and iodine, globally half of children under five years age affect up by micronutrients
deficiencies or hidden hunger (deficiency of vitamin and minerals) (UNICEF, 2019a; WHO, 2021a).

Malnutrition is mainly attributed to the deficiency in one or more of the three basic prerequisites for adequate nutrition:
food, health, and care. As a result, malnutrition is regarded as one of the major impediments to human well-being
affecting all areas of a child's health, growth and development (Mwaniki EW, 2013; Chinyoka, 2016).

Malnutrition, specifically undernutrition, is regarded as one of the most significant health issues in developing
countries including India. Undernutrition negatively impacts the physical health of children including being overall
undernourished (low weight for age), too thin/wasted (low weight for height) or too short/stunted (low height for age)
(Maleta, 2006; UNICEF, 2007). Moreover, undernutrition tends to expose children to a higher risk of mental illness
which can result in mental retardation, severe mental illness, poor mental development and school achievement as
well as behavioural abnormalities (Martins et al., 2011). Consequently, undernutrition has adverse impacts on
educational performance, economic productivity and reproductive outcomes in adulthood (Stewart et al., 2013).
Furthermore, undernutrition leads to the reduction of a child’s immunity to diseases such as diarrhoea, pneumonia,
measles, malaria among others, and infections such as acute respiratory infection (ARI) that directly influences the
child’s nutritional health status, in turn reduce and deprive the body from essential nutrients (Olaf Miiller, 2016; Singh,
2020a).

These adverse effects of malnutrition on child health compel us to understand the health and nutritional factors leading

to malnutrition in children surrounding environment. Extant literature suggests myriads of factors that might affect a
child’s overall health, growth and progress and leads to malnutrition, which we review further in this section.
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2.2 Factors Causing Malnutrition

Like other health outcomes, children malnutrition is a multidimensional problem resulting from a complex
combination of sociodemographic, socioeconomic, sociocultural factors. Moreover, several studies highlighted factors
such as government policies and political commitment, media and social media, which affects the children nutritional
health status.

2.3 Sociodemographic Factors:

Several studies have inferred the significant association between child socio demographic factors and health status.
These socio demographic factors such as sex, age, residence, individual, environment, family and religion strongly
influence the physical development among children. In addition to the health status, socio demographic factors in the
marginalized regions are key determinants of the likelihood of child malnutrition (Franchetti and Ide, 2014; Chaudhary
and Agrawal, 2019). Socio Demographic factors matter because the circumstances in which children are born and
grow up can strongly influence on their overall health, growth and well-being.

2.4 Socioeconomic Factors:

Extant literature highlights the low socioeconomic status and poverty as key factors leading malnutrition in children,
particularly in low socioeconomic communities in developing countries (Galgamuwa et al., 2017; Schroeder and
Brown, 1994). Socioeconomic factors, including dwelling, employment, income, and wealth status of parents or
caretaker, significantly affect a child’s nutritional health status. In addition, factors such as: low literacy rate, social
discrimination, gender inequality and social influences (including physical aggression, sexual coercion, verbal abuse
and controlling behaviour) have an influence on a child’s nutritional health. People with lower socioeconomic status
are most vulnerable to food insecurity since purchasing power is a main determinant of the ability to afford nutritious
and diversity food choices (Thompson et al., 2017).

Poverty is a multidimensional concept which is both a cause and consequence of malnutrition in all forms particularly
undernutrition (Vorster and Kruger, 2007). Previous studies positively relate poverty with child malnutrition. The
reason rooted in the fact that an influence of poverty on household food insecurity, inadequate care and unhealthy
household environment, and lack of health care services factors. These factors lead to poor nutrition of a child and
hence increase the possibility of malnutrition in a child, particularly in developing countries (Reinhardt and Fanzo,
2014).

Numerous reports provided evidence on the socioeconomic determinants of child health outcomes in low income
countries (Barros et al., 2010). Moreover, these studies inferred those children from the underprivileged backgrounds
or low socio-economic status, were found to be exposed to greater risk of suffering from malnutrition. Consequently,
policymakers should deliberate a plan on how to deliver necessary resources to such populations by collecting more
evidence on the profile of undernourished children in low-income countries.

2.5 Maternal factors:

Studies demonstrate that maternal factor including (1) mother’s physical health such as anthropometric measurements
of height and weight and obstetric history (e.g., birth weight, birth order), (2) mother’s mental health status such as
marital status or age at marriage, (3) education level (e.g., Primary, secondary, and higher), general knowledge
regarding childhood illness and adequate nutrition and feeding, care and hygienic practices related to child, (4) access
to healthcare facilities (e.g. access to prenatal and postnatal care) (Afsharinia et al., 2021).

2.6 Access to the healthcare:

Existing evidence shows that particularly in the context of India with rapid growing rates of prevalence of malnutrition
and its associated diseases, there exist significant barriers to access health care services, particularly for women. These
barriers include maternal problem with access to the health care facilities rooted in gender discrimination such as a
woman is enforced to ask permission or ask money from husband to go for health care facilities for herself or for her
child (Moradhvaj and Saikia, 2019), these barriers are even more prominent in rural areas (Shin and Kim, 2010).
Inaccessibility to health care facilities due to these barriers pose a significant challenge among Indian children in terms
of increased risk of poor health status of a child due to inadequate and absence of timely care or delayed treatment.
This might result in poor nutritional health or even mortality (Kéillander ez al., 2008). Particularly, children with
prolonged and chronic diseases are more vulnerable to higher risk of malnutrition prevalence due to nutritional
derangements (Diamanti et al., 2019).
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2.7 Environmental Factors:

Unfavourable environmental factors may augment the exposure of children to the risk of an infectious disease which
could significantly affect the growth and well-being of a child that in turn may lead to malnutrition. Environmental
factors primarily include general environmental condition of a child such as Water, Sanitation, Hygiene (WASH)
infrastructure and services (WORLD BANK, 2017; WHO, UNICEF, 2015). Poor WASH conditions lead to several
infectious diseases which significantly affect the nutritional status of a child. In addition, previous studies have
identified factors like housing characteristics (safety housing, type of construction, building material and, Indoor
plumbing, crowding conditions, toilet facilities and sewerage system), living status (home atmosphere, feeding
atmosphere) among others to be significantly associated with undernutrition of a child (Chopra, 2003; Hussein, 2016;
Jain et al., 2018; Krieger and Higgins, 2002; Maleta, 2006; Reyes et al., 2004; Stewart et al., 2013). Furthermore,
climate change including extreme weather events, droughts, floods, natural and manmade disasters, shifts in
agriculture, soil infertility etc., is one of the major factors that indirectly affects a child’s nutrition in terms of food
insecurity and food unavailability (FAO, 2008, 2017; Tirivangasi, 2017).

2.8 Religion and Sociocultural Factors:

Extant research reveals the influence of caste, ethnic, certain social and religious background on the prevalence of
malnutrition in children. These group-specific or religion factors generally relate to the discrimination that these
communities face in accessing income earning assets, education and government schemes providing services like food
and health (Agadjanian and Jansen, 2018; Panda et al., 2020). Thus, religion often influences them through the social
and cultural institutions in which they participate (UNICEF, 2011).

Sociocultural factors are deeply rooted in the way of life through the culture of an individual, a group and a nation.
Malnutrition could result due to the cultural and traditional practices that consequently, certain cultural groups could
be associated to greater malnutrition rates compared to the other ethnic backgrounds. Sociocultural factors may reflect
lack of knowledge (ignorance) on the part of child caregivers (parental and non-parental) on the dangers of their
attitudes. Most of the reasons for improper food choices deeply rooted in norms, habits and beliefs which form a part
of the culture in which the individual is reared which unfortunately, tend to be strongly resistant to change (Makadia
et al.,2017; de Almeida, Recine and Fagundes, 2019).

3. Methods

In order to investigate the factors influencing the nutritional health status of children (in terms of anthropometric
measurements of height and weight) in India, data from the Indian Demographic and Health Survey (DHS) were
utilized. The DHS is a national population-based survey. The data set from the DHS includes key information
regarding children’s health, nutrition, and demographic indicators including household, maternal characteristics,
socioeconomic, environmental conditions, and region of the country, among others. The study is designed to explore
the relationship between anthropometric measurements and ecosystem variables of economically vulnerable children.
This dataset has one record for every child of interviewed women, born in the five years preceding the survey. We
gathered observations of 1340 variables for 2.5 lakhs children, from the DHS data set. Out of the 1340 variables in
the data set we have shortlisted 27 variables as relevant for the study. We have removed the rows involving data of
children who were not alive at the time of the survey. The missing values were handled based on the DHS guidelines
wherever available and predictive mean matching. In total, the DHS survey comprised n = 1,40,471 children 2-5 years
old (after n = 25,96,27 records from children under 5 years old). In the final analysis, we extracted data for poverty
ridden children (poorer and poorest groups based on DHS wealth index classification) constituting observations on 27
variables for 70,618 children in the age range of 2-5 years.

3.1 Measures - Dependent variables
Three anthropometric failure outcomes were constructed based on the WHO child growth standards (WHO,
2009), we measure height-for-age (HAZ), weight-for-height (WHZ), and weight for age (WAZ), and further classify
the data set into the following categories:
e  Stunting: height-for-age z score less than —2 standard deviations (SDs).
e  Wasting and overweight: 1) wasting: weight-for-height z score less than —2 SDs, 2) overweight: weight-for-
height z-score above plus 2 (+2.0) SDs or above the mean on the WHO Child Growth Standards.
o  Underweight and overweight for age: 1) underweight: weight-for-age z-score below minus 2 (-2.0) SDs
below the mean on the WHO Child Growth Standards, 2) overweight for age: weight-for-age z-score above
plus 2 (+2.0) SDs or above the mean on the WHO Child Growth Standards.
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3.2 Measures — Independent variables

Bronfenbrenner’s ecological systems theory

Bronfenbrenner’s ecological systems theory forms the base to understand and organize the ecosystem variables. The
theory divided the child’s environment into five nested levels, namely, the microsystem, the mesosystem, the
exosystem, the macrosystem, and the chronosystem.

The microsystem level refers to the direct and strongest contact of a child including family, school, and care center.
Factors like maternal health and nutritional status, pregnancy nutritional health of the mother and postnatal care of the
child reflect the system. Additionally, the general home conditions on water, sanitation, hygiene (WASH) (Van
Cooten et al., 2019), and housing condition directly impact child health as well (Saaka and Osman, 2013).

Mesosystem describes the connection between microsystem factors. In other words, the interrelationship between two
or more individuals in the microsystem influencing a child’ growth become significant at this level. The variables
include interaction between parents and healthcare facilities, access to the healthcare facilities (Haque et al., 2020),
mother’s anthropometric (Sen, Roy and Mondal, 2009).
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Figure 1. The Ecosystem based placing of the variables

The third level of the system, the exosystem, explains the linked among social settings. The variables of the exosystem
may not interact with the child directly but strongly influence one or more microsystem structures and thus, indirectly
effect the child’s development. The exosystem level highlights the importance of community support such as
education, health, nutritional programs, and services for child care activities (Sachdev and Dasgupta, 2001). These
become more critical for poverty ridden children who face significant inaccessibility to primary education, and food
insecurity.

Macrosystem, the fourth level, looks at the influence of cultural elements such as socioeconomic status, poverty,
wealth, and geographic location on a child’s development. Geographical location (for example, rural versus urban;
hills versus plains) (Smith, Ruel and Ndiaye, 2005), socioeconomic status (for example, low income, low education
and social underprivilege) (Galgamuwa et al., 2017) and cultural effects (for example undervaluation of female child,
and status of parents in the family) (WHO and UNICEF, 1987) impact child development.

Lastly, the chronosystem level refers to all the environmental changes across the childhood growth period (Olivia
Guy-Evans, 2020). The chronosystem environmental level includes the life transition occurring over the lifetime such
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as parents’ marital status, financial status, parental healthcare challenges and hardship of single parenting (Scharte
and Bolte, 2013) which can lead to insufficient care and higher vulnerability towards physical and mental problems

(El-Sheikh et al., 2008).

The independent variables categorized as per the theory in Figure 1 are listed in Table 2.

Table 2.Independent variables

Environmental levels Independent variables Nat}lre of
variables
Child’s blo_loglcal Sex of child Categorical
characteristics
Individual characteristics Health problems Cat cal
. ategorica
(e.g., sex, health, etc.) Child’s health status (Fever, diarrhoea, cough)
Child’s Anaemia level Categorical
Maternal health status Maternal Anaemia level Categorical
Child’s dietary adequacy DDS Numerical
. . Vitamin A in last 6 months Categorical
Microsystem (e.g., family, Child’s micronutrients
parents, and immediate intake .. . . .
environment) Taking iron pills sprinkles or syrup Categorical
Home environmental - Sogrce of drlnl.qng wate.r : Categorical
conditions ousing contraction materials .
(Floor, roof, wall) Categorical
Maternal anthropometric Weight and height Numerical
Mesosystem Maternal problem with access to healthcare Categorical
(e.g., relationship among .. .
microsystem structures such Access to healtheare Number of antenatal visits Numerical
as parents and health center) facilities Baby postnatal check-up Categorical
Received Polio vaccinate (all doses) Categorical
Received DPT vaccinate (all doses) Categorical
Anganwadi benefits during pregnancy Categorical
Exosystem Welfare systems Child received benefits from Anganwadi Categorical
(e arents experience (Anganwadi/ICDS) ICDS center
. ffe;%'(,)rr: a child ei erience) & Mother received benefits while breastfeeding Catecorical
p from Anganwadi ICDS Centre g
Education Maternal education level Categorical
Macrosystem
(e.g., geographic location Location Type of place of residence Categorical
and wealth status)
Chronosystem (e.g., life
transition such as parents’ Maternal life transition Current marital status Categorical
divorce)

3.3 Data Analysis

All analyses were performed in SPSS 20 software. Binary logistic regression and Multinomial logistic regression
models were performed to evaluate the association between the dependent and independent variables. Binary Logistic
Regression model probes the influence of independent variables on height for age as binary logistical regression holds
two discrete categories (Stunted - 0 and Normal — 1). Multinomial Logistic Regression models probe the influence of
independent variables on the two dependent variables of weight for height and weight for age. Multinomial logistic
regression is applicable here as both the dependent variables hold three discrete categories. In both the multinomial
logistic regression models the category “Normal” is included as the reference category for the dependent variable.
Table 3 provides the descriptive analysis of the data.
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4. Results

Maternal and child characteristics are shown in Table 3. About 52% of children were male (n =36869), and 48 percent
were female (n = 33749). 23% wasted children faced health problems like fever, diarrhoea, and cough. In addition,
around 28 % stunted children, 25% wasted children, 28 % underweight children, and 16 % overweight children were
anaemic at moderate or severe levels. Further, mothers of 85 % stunted, 83 % wasted, and 85% underweight children
faced problems with accessing healthcare. 75% and 67% of children had taken DPT and polio vaccine respectively.
Furthermore, close to 27% children did not consume all the major food groups like cereals/roots, vegetables, fruits,
legumes/lentils, meat/fish/egg, and milk/dairy products (DDS ranges from 0 to 6). Lastly, close to 76% of

malnourished children were living in rural areas.

Table 3. Descriptive statistics

Height for age Weight for height Weight for age
Variables . Stunted Normal Wasted Normal Underweight | Overweight Normal
Characteristics
(n=27834) | (n=42784) | n=11859) | (n=53551) | (n=24839) | (n=4652) | (n=41127)

Sex of child

Male 51.90 52.40 52.20 52.20 51.80 53.20 52.30

Female 48.10 47.60 47.80 47.80 48.20 46.80 47.70
Health problems (fever, 21.80 21.90 23.00 21.60 22.10 22.20 21.70
diarrhoea, cough)- Yes
Faced problem with 85.10 78.40 83.10 80.70 85.00 80.20 78.70
access to healthcare
Taken Polio vaccination 66.90 69.00 68.20 68.80 67.20 60.80 69.60
Taken DPT vaccination 74.20 78.10 77.70 76.70 75.30 71.00 77.90
Child’s anaemia level

Severe 1.70 0.80 1.20 1.20 1.70 1.00 0.90

Moderate 28.10 18.80 24.50 22.60 27.80 15.90 20.00

Not Anaemic 42.50 55.50 44.00 50.50 41.80 66.60 53.70
Dietary Diversity of
the child

Consumption of none
(0) of the major food 31.20 28.40 29.20 29.80 30.90 26.80 29.00
groups

Consumption of one 19.90 19.70 20.00 19.90 19.90 18.90 19.90
major food group

Consumption of two 17.90 19.30 18.80 18.60 18.20 19.60 19.00
major food group

Consumption of three 14.00 14.70 14.50 14.30 14.00 15.40 14.60
major food group

Consumption of four 9.00 9.40 9.20 9.20 9.10 10.30 9.20
major food group

Consumption of five 4.70 5.00 4.80 4.90 4.70 5.20 5.00
major food group

Consumption of six 3.30 3.40 3.50 3.30 3.20 3.60 3.40
major food group
Type of place of residence

Urban 23.80 23.50 23.20 23.80 23.80 22.40 23.70

Rural 76.20 76.50 76.80 76.20 76.20 77.60 76.30

Table 4 illustrates the results of the regression models. The table describes the logarithmic association between the
stunted, wasted, underweight and overweight growth of children and factors contributing to the likelihood of impaired

growth.
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Table 4. Regression Analysis

Height for age Weight for height Weight for age
STUNTED WASTED UNDERWEIGHT OVERWEIGHT
Variables of Interest £ 95% CI E 95% CI E 95% CI E 95% CI
B XP | for EXP B XP 1 for EXP B P for EXP B XP 1 for EXP
B) (B) B) (B) (B) (B) ®) (B)
Child’s Individual characteristics
Sex of child (Male - Female *) 0.023 1.02 | 0.99-1.05 | 0.002 | 1.00 | 0.96-1.04 | -0.022 | 0.98 | 0.94-1.01 | 0.031 | 1.03 | 0.97-1.09
Yljsil)th problems (fever, diarrhoea, cough) (No - 0.005 1.01 | 0.96-1.04 | -0.070%** | 0.93 | 0.88-0.97 | -0.030 | 0.97 | 0.93-1.00 | -0.014 | 0.99 | 0.91-1.06
Child’s anaemia level (Severe-Not anaemic ) -1.025%** [ 0.36 | 0.31-0.41 | 0.180** | 1.20 | 0.99-1.43 | 0.832*** | 2.30 | 1.98-2.66 | -0.065 | 0.94 | 0.68-1.28
Child’s anaemia level (Moderate-Not anaemic ®) | -0.610*** | 0.54 | 0.52-0.56 | 0.183*** | 1.20 | 1.14-1.26 | 0.491*** | 1.64 | 1.56-1.70 | -0.338*** | 0.71 | 0.65-0.77
Child’s anaemia level (Mild - Not anaemic ) 0.328*** | 0.72 | 0.69-0.74 | 0.277*** | 1.32 | 0.99-1.08 | 0.303*** | 1.35 | 1.30-1.40 | -0.493*** | 0.61 | 0.56-0.66
Microsystem environmental level
Maternal anaemia level (Severe - Not anaemic *) -0.070** 0.93 | 0.79-1.08 -0.065 0.94 | 0.76-1.14 0.080 1.08 | 0.92-1.26 0.130 1.14 | 0.83-1.55
Maternal anaemia level (Moderate-Not anaemic ) | -0.088*** | 0.92 | 0.92—0.99 -0.020 0.98 | 0.92-1.04 | 0.121*** | 1.13 | 1.07-1.18 0.045 1.05 | 0.94-1.15
Maternal anaemia level (Mild - Not anaemic ) -0.041** | 0.96 | 0.87-0.96 | 0.038** | 1.04 | 0.99-1.08 | 0.078*** | 1.08 | 1.04-1.12 | -0.038 | 0.96 | 0.90-1.03
DDS 0.010** [ 1.01 | 1.00-1.01 | 0.009 | 1.01 | 0.99-1.02 | -0.003 | 1.00 | 0.98-1.00 | 0.040*** | 1.04 | 1.02-1.06
Vitamin A in last 6 months (No - Yes ) 0.005 1.01 | 0.97-1.04 | 0015 | 099 [ 0.94-1.03 | -0.002 | 1.00 | 0.96-1.03 | -0.028 | 0.97 | 0.90-1.04
Taking iron pills sprinkles/syrup (No-Yes ) -0.093*** [ 0.91 | 0.87-0.95 | -0.117*** | 0.89 | 0.84-0.93 | 0.001 | 1.00 | 0.95-1.04 | -0.177*** | 0.84 | 0.77-0.90
Source of drinking water (Piped water - Water 20.002 | 1.00 | 0.93-1.06 | 0.044 | 1.05 | 0.96-1.13 | 0024 | 1.02 | 096-1.09 | 0.014 | 1.02 | 0.89-1.14
from spring *)
ssr‘i’r‘llg’f) of drinking water (Dug well - Water from | - _ 51 | 109 | 093-1.06 | 0.053 | 1.05 | 097-1.14 | 0013 | 1.01 | 0.95-1.08 | -0.032 | 0.97 | 0.85-1.09
ﬂl(\)’?r‘?) floor material (Natural floor - Finished 0.037%* | 1.04 | 0.99-1.08 | -0.022 | 0.98 | 0.92-1.03 | -0.040%* | 0.96 | 0.92-1.00 | 0.034 | 1.04 | 0.95-1.12
Main floor material (Rudimentary floor - -0.004 | 1.00 | 0.93-1.06 | -0.036 | 0.96 | 0.88-1.04 | -0.016 | 0.98 | 0.91-1.05 | -0.093 | 0.91 | 0.79-1.04
Finished floor *)
lel’ll‘l’;‘.})wa“ material (Natural walls - Finished -0.044** 1 0.96 | 0.91-1.00 | -0.034 | 097 | 091-1.02 | 0.020 | 1.02 | 0.91-1.05 | -0.021 | 0.98 | 0.89-1.07
Main wall material (Rudimentary walls - -0.047%* | 0.95 | 0.90-1.00 | -0.024 | 098 | 0.91-1.04 | 0.036 | 1.04 | 0.98-1.09 | -0.022 | 0.98 | 0.88-1.08
Finished walls *)
. é\;[gfgr:;"fmate“al (Natural roofing - Finished 20.009 | 0.99 | 0.93-1.05 | 0.085** | 1.09 | 1.00-1.17 | 0012 | 1.01 | 095-1.07 | 0.030 | 1.03 | 0.91-1.16
Main roof material (Rudimentary roofing - -0.035 | 097 | 0.89-1.03 | -0.027 | 097 | 0.88-1.06 | -0.038 | 0.96 | 0.89-1.03 | -0.114 | 0.89 | 0.77-1.03
Finished roofing ®)
Mesosystem environmental level
Maternal weight (kg) <0.00*** [ 1.00 | 1.00-1.00 | <0.01*** | 1.00 | 1.00-1.00 | <0.01*** | 1.00 | 1.00-1.00 | -0.001*** | 1.00 | 0.99-1.00
Maternal height (cm) 0.007*** | 1.01 | 1.00-1.00 | <0.01 | 1.00 | 1.00-1.00 | -0.005*** [ 1.00 | 0.99-0.99 | -0.002*** | 1.00 | 0.99-0.99
Problem with access to healthcare (No —Yes *) 0.265%** | 130 | 1.24-1.35 | -0.099*** | 0.91 | 0.85-0.95 | -0.223*** | 0.80 | 0.76-0.83 | -0.133*** | 0.88 | 0.80-0.94
Number of antenatal visits during pregnancy 0.020*** 1.02 | 1.01-1.02 -0.002 1.00 | 0.99-1.00 | -0.014*** | 0.99 | 0.98-0.99 0.008** 1.01 | 1.00-1.01
Baby postnatal check-up within 2 months 0.025 | 0.14 | 0.94-1.00 | -0.025 | 0.98 | 0.93-1.01 | 0.013 | 1.0 | 0.97-1.04 | 0.104*** | 1.11 | 1.03-1.18
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Polio (No - Yes #) 0.022 1.02 | 0.98—1.06 0.058%* 1.06 | 1.00—1.11 0.037** 1.04 | 0.99-1.08 | 0.258%** 1.29 | 1.20-1.39
DPT (No - Yes *) -0.153*** | 0.86 | 0.82-0.89 | -0.088*** | 0.92 | 0.86—0.96 | 0.050** | 1.05 | 1.00-1.09 | 0.201*** | 1.22 | 1.12-1.32
Exosystem environmental level
During pregnancy benefited from Anganwadi/
-0.001 1.00 | 0.95-1.04 0.043 1.04 | 0.98-1.11 0.027 1.03 | 0.97-1.08 0.079 1.08 | 0.98-1.19
ICDS centre (No - Yes )
(Ncil‘}‘i(zzﬁ‘;ﬁted from Anganwadi/ICDS centre -0.027 | 097 | 0.93-1.01 | -0.015 | 0.99 | 0.93-1.03 | -0.014 | 0.99 | 0.94-1.02 | -0.074** | 0.93 | 0.85-1.00
While breastfeeding benefited from
Anganwadi/ICDS centre (No - Yes %) 0.044%* 1.05 | 0.99-1.09 -0.035 0.97 | 0.90-1.02 | -0.064** | 0.94 | 0.89-0.98 0.006 1.01 | 0.91-1.10
Educational level (No education — Higher ) 0.012 0.60 | 0.95-1.07 -0.025 0.98 | 0.89-1.05 -0.015 0.99 | 0.92-1.05 -0.032 0.97 | 0.85-1.09
Educational level (Primary -Higher *) 0.014 0.72 | 0.94-1.08 -0.034 0.97 | 0.88—1.05 -0.006 1.00 | 0.92-1.06 -0.008 0.99 | 0.86—1.13
Educational level (Secondary-Higher *) 0.014 0.69 | 0.94-1.08 0.037 1.04 | 0.96—1.11 -0.005 1.00 | 0.93—1.05 -0.043 0.96 | 0.85-1.07
Macrosystem environmental level
Type of residency (Urban - Rural *) -0.005 1.00 | 0.95-1.03 | -0.051** | 0.95 | 0.90—1.00 0.002 1.00 | 0.96-1.04 | -0.087** | 0.92 | 0.84-0.99
Chronosystem environmental level
Marital status (Formally married -Divorced #) 0.012 1.01 | 0.79-1.28 0.274 1.19 | 0.60—2.34 0.107 1.29 | 0.762.17 -0.136 0.98 | 0.38—2.46
Marital status (Not formally married-Divorced ) -0.087 0.92 | 0.68-1.22 0.404** 1.50 | 1.01-2.21 0.151 1.11 | 0.85-1.57 -0.338 0.71 | 0.40-1.25
Marital status (Widowed - Divorced ) -0.072 0.93 | 0.59-1.44 -0.365 0.69 | 0.35-1.37 -0.168 0.85 | 0.52-1.35 -0.615 0.54 | 0.22-1.33
a Represents reference level; CI indicates confidence interval; Significance determined at p <0.1; ***p<0.01, **p<0.05, *p<0.1.
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5. Discussion

5.1 Factors influencing stunted growth of children

Three factors stand out as significant for stunted growth of children, the child’s health/nutritional status, maternal
health status, access to health facilities, and lactating mothers who receive benefits from Anganwadi/ICDS canter. In
general, the results brought out three environmental levels of Bronfenbrenner’s ecological systems theory, namely,
microsystem, mesosystem, and exosystem as influencing the likelihood of a child’s stunted growth.

The health status of a child in terms of anaemia at all levels (mild, moderate, and severe) emerges as a strong influence
on stunted growth. Anaemia refers to fewer red blood cell count in the body (Cleveland Clinic, 2021), slowing the
metabolism by inhibiting oxygen flow to muscles and tissues (El-Khuffash and Afif, 2017; Harvard T.H. Chan, 2021).
This in turn decrease the muscular strength and result in growth retardation or stunted growth (Soliman, De Sanctis
and Kalra, 2014).

Moreover, the results show that the likelihood of a child having normal linear growth (height for age) increases with
an increase in dietary diversity score (DDS). DDS reflects consumption of diverse nutrients, and measures the
nutritional adequacy in a child’s diet (Steyn et al., 2006), consequently impacts the likelihood of a child’s normal
linear growth (Dinku, Mekonnen and Adilu, 2020). Dietary Diversity Score (DDS) gets calculated by taking the
nutritional variables and summing the number of times a unique food group gets consumed during the last 24 hours
(Rathnayake, Madushani and Silva, 2012). Food groups under consideration to calculate DDS were cereals/roots,
vegetables, fruits, legumes/lentils, meat/fish/egg and milk/dairy products.

Results show positive impact of iron supplements on a child’s healthy growth. Its absence from the diet can lead to
anaemia, and anaemia deprives the body from proper weight gain. Our results on iron consumption confirm the same.
The poverty ridden communities face limited accessibility to iron supplements thereby increasing the likelihood of
stunted growth in children.

Maternal anaemia level (severe, moderate, and mild) increases the likelihood of a child’s stunted growth. Evidence
shows maternal anaemia level associated with poor birth outcomes such as low birth weight, prematurity of the child,
and limited foetal iron store (Abu-Ouf and Jan, 2015). Furthermore, a child’s early growth period witnesses a similar
dietary patterns as a mother, increasing the likelihood of defective growth (USAID, 2012). Genetics plays a role as
well. Studies suggest genetic factors such as maternal height, and weight play critical role in shaping up a child’s
growth pattern (Addo et al., 2013; Skéren, Davies and Bjernerem, 2020). Our results confirm the role of mother’s
weight and height in offspring linear growth.

Results indicate access to healthcare facilities increasing the likelihood of a child having normal linear growth.
Maternal and child access to healthcare facilities provides primary health care services for diagnose, cure, or
ameliorate diseases for child as well as mother (National Academies of Sciences, Engineering, and Medicine 2018).
These factors decisively influence the health status of children. The results indicate the number of antenatal visits
during pregnancy positively impacts the likelihood of a child’s normal linear growth. Antenatal visit or regular
screening help to monitor and prevent the early complications and diseases of mother which in turn maintain the
healthy growth of a child resulting in optimal birth outcomes for both mother and child (Patel et al., 2016; Akhtar et
al., 2018).

Further, results show lactating mothers who have not received benefits from Anganwadi/ICDS (Integrated Child
Development Services) centre, their children are at higher risk of impaired linear growth. Mother’s diet directly
influences on breastmilk and thus, it is necessary for mothers to consume nutrients diet while breastfeeding (La Leche
League GB, 2021). Consequently, the Anganwadi/ICDS centre by providing supplementary nutrients while
breastfeeding of mothers can help for transmission of various nutrients to mother and a baby (Lamberti ez al., 2011).
However, the evaluation report on ICDS by Government of India, underlying issues including infrastructural
problems, the lack of utilization due to poor awareness about the programs and monitoring mechanism as major
barriers of achieving benefits of this programme (Programme Evaluation Organisation Planning Commission
Government of India, 2011). These barriers lead to preventing vulnerable population, women’s and children to not
achieving the essential nutrient requirements and increase the risk of stunted growth among children.
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5.2 Factors influencing wasted growth of children

Two factors become significant for children from poverty ridden communities to maintain proper weight as per height,
namely, child’s health status and mother’s physical and social status. In other words, the relationship (mesosystem)
and social interaction (macrosystems) based variables came as significant from the Bronfenbrenner’s ecological
systems theory perspective.

Child facing health problems like fever, diarrhoea, and cough may demonstrate wasted growth or thinness (Weisz et
al., 2011). Our results confirm the same. Prevalence of fever, diarrhoea, and cough as the common symptoms of
infectious diseases (Mayo Clinic, 2021) results in malabsorption of nutrients and loss of appetite which in turn lead to
nutrient losses and weight loss in a child’s body (Katona and Katona-Apte, 2008). Consequently, increase in the
incidence or exacerbation of malnutrition such as wasted growth of a child can be seen (National Research Council
(US), 1985).

Vaccination supports better health, and our results confirm the same. The results highlight receiving polio vaccination
as associated with lower likelihood of a child’s wasted growth. The polio vaccines prevent poliomyelitis, a highly
infectious viral disease which can lead to severe respiratory illness and gastroenteritis (Mehndiratta, Mehndiratta and
Pande, 2014; Ceveland Clinic, 2021). The polio vaccine enhances the immune system of a child’s body against these
health problems (WHO, 1993; FAO, 2017a).

The mesosystem relationship between the mother and the health systems came as significant in the results. Access to
health care facilities provides necessary primary health care services for diagnose, cure, or ameliorate diseases for
child as well as mother (National Academies of Sciences, Engineering and and Medicine, 2018) The absence of these
facilities can aggravate the risk of chronic health issues which could deprive a child of essential nutrients required for
growth and consequently result in malnutrition. Evidence reveals poor access to essential services including quality
healthcare facilities as one of the main causes of impaired child growth (WHO, World Bank Group, 2018).

The macrosystem variables of social interactions, namely, type of residency, mother’s working status and mother’s
marital status associate strongly with the likelihood of a child experiencing wasted growth. We find positive
association between urban residency and lower rate of wasted growth. Urban residents have a better access to essential
services including number and scope of health services and providers, pharmacists, social workers, and public
transportation. Hence, the challenges faced by rural residents contribute to health disparities in these regions (Karen
Appold, 2019). Furthermore, we find maternal non-working status (in last 12 months) as positively related to better
growth. Non-working mothers can spend more time for healthcare activities including feeding and care of a child
which contributes to the enhancement of the likelihood of a child’ healthy growth (Hsin and Felfe, 2014). However,
the marital status of divorce works the opposite and can lead to the possibility of wasted growth.

5.3 Factors influencing underweight growth of children

The findings from the models highlight the significance of environmental levels of exosystem and mesosystem
affecting the likelihood of underweight condition in children. Other than the health status in terms of anaemia at all
levels (mild, moderate, and severe), health access variables can negatively influence the child’s weight. Moreover, the
results show poor dietary adequacy (particularly lack of iron) increasing the risk of a child’s defective growth in terms
of underweight (Locks et al., 2019; Yanagimoto, Ishizaki and Kaneko, 2020).

At the mesosystems level accessing healthcare facilities increases the likelihood of children maintaining proper
weight. Maternal access to the healthcare facilities contribute to the timely growth monitoring of a child and prevent
the prevalence of physical and mental health complications associated with malnutrition including underweight
(Anoop T. Nair et al., 2008). The results illustrate the number of antenatal visits reduces the likelihood of underweight
condition in children. WHO suggests minimum 8 antenatal visits as crucial for the health of both mother and the
unborn child, for continuous health monitoring (WHO, 2017).

Furthermore, results show post-natal visits for vaccination of the child (DPT and Polio vaccination) creates lesser
likelihood of impaired growth status such as underweight. DPT vaccination develops a child’s immunization by
providing a protection against the diphtheria (infection of throat), tetanus (nerve disease), and pertussis (respiratory
illness) (Elana Pearl Ben-Joseph, 2020). The polio vaccines prevent poliomyelitis which adversely influences throat
and intestines (Ceveland Clinic, 2021). The prevalence of health problems due to lack of vaccination gets associated
with prevalence of underweight (Samiak and Emeto, 2017).
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5.4 Factors influencing overweight growth of children

Lastly, the findings from the models signify the importance of a child’s individual characteristics as well as
mesosystem environmental level of maternal weight and height influencing the likelihood of overweight condition in
children. Results demonstrate low probability of overweight condition among anaemic children. However, dietary
diversity (DDS) positively impacts weight and may lead to weight gain. Furthermore, results show mother’s weight
as significantly associated with weight gain. Mother’s weight influences the quality of lactation which plays an integral
role in influencing the likelihood of a child’s future overweight or obesity (Jevitt, Hernandez and Groér, 2007).
Moreover, literature demonstrates the strong genetic association between mother and child anthropometry, which can
play a role in likelihood of a child’s overweight condition (Tigga and Sen, 2016). Our results confirm the same.

6. Conclusion

Broadly, our findings highlight four critical contributors to the likelihood of child malnutrition in the forms of stunted,
wasted, underweight, and overweight. These include (1) a child’s individual health status including anaemia, and
prevalence of health problems such as fever, diarrhoea, and cough, (2) dietary diversity and micronutrients
consumption, (3) access to healthcare services, and (4) social welfare supporting programs (ICDS).

Additionally, employing the Bronfenbrenner’s ecological systems theory, the results find three environmental
ecosystems, namely, microsystem, mesosystem, and exosystem as most significant. Under the microsystem
environmental level, the importance of maternal health in particular anaemia levels and maternal access to healthcare
stands out in explaining the likelihood of a child’s stunted and underweight growth. Besides, the findings confirm
nutritional factors such as DDS and iron supplements intake as critical for linear growth of poverty ridden children.
Therefore, at the immediate environmental level, accessibility to diverse nutritional foods and micronutrients
supplementary forms a major challenge to tackle malnutrition among poverty ridden children.

Under the mesosystem environmental levels, the findings indicate access to healthcare as significant in shaping a
c
ild’s health status. Healthcare provides proper care and nutritional counselling which in turn protects a child from the
prevalence of malnutrition including stunted, wasted, underweight and overweight. In the case of poverty ridden
populations with limited access to healthcare, this becomes significantly more critical.

Under the exosystem environmental level affirms the significance of social welfare program called as ICDS for
benefits of lactating mothers while breastfeeding that contributes to supporting nutritional demands of a baby by
ensuring absolute quantities of nutrients transferred from mothers to infants through the breast milk. Consequently,
this could improve the baby’s linear growth and development. Therefore, this is an urgent need with particular focus
on poverty ridden communities and vulnerable mothers with massive unmet requirements including lack of access to
nutrient and variety of foods, as well as mothers with lower awareness and less access for utilization of this program.

6.1 Implications for research and practice

The findings of this paper clearly imply that to tackle the triple burden of child malnutrition it is crucial to provide
the mothers a better access to the health care facilities. Improving accessibility to healthcare services particularly for
mothers in poverty ridden communities would lead to timely healthcare, including growth monitoring of height and
weight, nutritional health counselling regarding vaccination and multivitamin access, and dietary diversity, and
prevent the health complications such as anaemia in a child. Furthermore, other than the opportunity of use through
easy physical access, removal of other barriers to access, namely, financial, social, and/or cultural become critical we
well. These barriers can limit the utilization of services, even in places where they are “available.”

Furthermore, maternal access to healthcare services can help mothers to maintain and improve their health status and
prevent the health issues which has direct impact on likelihood of children malnutrition during growth period.
However, policy makers need to ask how aware are the mothers about the importance of accessing healthcare for the
benefit of their health and their child? Studies on awareness are many and diverse, but lacunae in awareness appear to
cut across the women in India. Often low educational status, poor functional literacy, and low priority for health leads
to the lack of awareness. Effort to create awareness, thus, becomes important as well.

Lastly, support and enhancing awareness of health and nutrition programs such as ICDS particularly in poverty ridden

communities with limited access to nutrition (e.g., healthy, and diverse nutritious diets) and health (e.g., primary child
illness preventable awareness) knowledge could help to promote the continuum of care and addressing high burden
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of maternal and child malnutrition in India. Moreover, striving to implement programmes innovatively in order to
make a dent on improving maternal and child health and nutrition contributes to reduce the likelihood of impair growth
and poor health status among children in poverty ridden communities.
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