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Abstract

Despite large economic and developmental strides, India continues to grapple with

the issue of stunting, which characterizes malnutrition and failure to thrive among children

in early childhood. The complex nature of stunting as well as India’s state and district-level

diversity mean that any attempt to address stunting must employ a multifaceted approach.

A comprehensive literature review and focused regression analysis reveals the significance

of economic and agricultural failures and long-held cultural practices in impacting stunting.

These factors are often interrelated and have compounding effects. Current national

nutrition programs serve mostly as universalized, “one-size-fits-all” measures that don’t

always address the core causes related to stunting. India’s stunting rates have reduced in

the past few years, but continued progress will require decentralization of interventions

and specific, targeted measures that design solutions with communities’ unique needs in

mind and incorporate measures beyond just food distribution.
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Overview

Childhood stunting in India is a complex topic, and is known to be related to

malnutrition and subsequent adverse health and productivity effects. India has the highest

rate of stunting in the world, and while prevalence has decreased in the last 10 years,

Indian children still face massive stunting risks. The factors influencing stunting are

numerous and nuanced, thereby presenting unique challenges to any program aimed at

alleviating the problem. This thesis seeks to tease out these factors and provide a

comprehensive look at what truly causes childhood stunting in India, ultimately

synthesizing what future steps can make significant strides in addressing the issue.

Chapter I introduces stunting as a measure of early childhood development,

demonstrates its potential links to adverse health outcomes both during childhood and

later in life, illustrates the stunting situation in India, and discusses the validity of stunting

as a thermometer-read of malnutrition. Chapter II investigates the infrastructural factors

influencing stunting, namely, national agricultural, economic, and public health structures.

Chapter III explores cultural determinants of stunting, including traditional gender-based

and medicinal practices that complicate the way that different groups experience stunting.

Chapter IV analyzes national programs already in place to combat stunting, and identifies

strengths and areas of improvement. Finally, Chapter V provides a detailed set of

recommendations for a multifaceted approach to address childhood stunting in India going

forward.
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Chapter I. Introduction to Childhood Stunting in India

A. Definitions and Ramifications of Stunting

As per the World Health Organization, stunting is defined as the “impaired growth

and development that children experience from poor nutrition, repeated infection, and

inadequate psychosocial stimulation” (Stunting in a Nutshell, WHO). The major

measurement that determines stunting classification is height: children who are more than

two standard deviations below the WHO Child Growth Standards’ median height-for-age

are classified as stunted (Stunting in a Nutshell, WHO). Stunting has been identified as an

important anthropometric variable by the World Health Organization, particularly in

determining whether children are thriving during early life.

Stunting and the ramifications of stunting are irreversible by age two (Stunting,

UNICEF), setting children up for development barriers during early childhood and beyond.

Stunted growth during early life is linked to cognitive problems and poor academic

performance, limiting children’s educational achievement in later childhood and

adolescence (Walker et al. 2007). These repercussions hold true across geographies: an

analysis of five prospective birth cohort studies from South America, South Asia, and

Southeast Asia found that reduced linear growth in children increased risk of not

completing secondary school (Adair et al. 2013). In addition, a 2002 US study where both

stunted and non-stunted children were entered into a psychosocial intervention program,

stunted children consistently scored lower in mathematical, reading comprehension, and

spelling tests (Chang et al. 2002). These trends were also present in a study of Jamaican
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children, which controlled for wealth and grade level (Walker et al. 2005). In addition,

research suggests that the earlier in life that stunting occurs, the more severe the cognitive

effects. A review of the Cebu Longitudinal Health and Nutrition Study in the Philippines

found that children who were stunted early in life were also very severely stunted, which

corresponded with significantly lower cognitive and academic scores (Mendez et al. 1999).

Children who experience stunting in early life are also more likely to experience

poorer career and economic development later in life. A review of global data, particularly

data from South Asia and Sub-Saharan Africa determined that early childhood stunting was

linked with a 22.2% decrease in adult income, and rises to a 30.1% decrease if adults have

experienced both early childhood stunting and poverty, which are often linked to begin

with (Grantham-McGregor et al. 2007). This effect on the individual, when compounded

across communities, decreases overall productivity and potential for economic growth. For

example, a 2006 global economics report indicates that stunting can reduce a country’s

GDP by 3% (WHO, Global nutrition targets 2025).  A more recent study in 2019 concluded

that the per capita income penalty caused by having a proportion of the population affected

by stunting is between 5% and 7% (Galasso, Wagstaff 2019).

Stunting also has implications for risk of obesity later in life. For example, the

aforementioned birth cohort studies review revealed a link between early childhood

stunting, rapid weight gain later in childhood, and ultimately increased risk of being

overweight as an adult (Adair et al. 2013). While the strength of the relationship between

early childhood stunting and obesity varies between countries, the late-childhood weight

Ekanayake 7



gain that is associated with stunting is also linked to noncommunicable diseases in

adulthood, such as cardiovascular disease (Gluckman et al. 2007).

B.  India’s Stunting Climate

The current state of stunting in India is in flux, but still represents a large health

problem. UNICEF reports that 38% of children in India under 5 years old are stunted

(Stunting, UNICEF). India has 46.8 million stunted children, which is the highest stunting

rate in the world, and accounts for a third of all stunted children globally under 5 years of

age (Stunting, UNICEF). Stunting spikes in poorer states and districts, particularly those

with poor sanitation and water facilities (Stunting, UNICEF). The highest stunting rates in

India are found in Uttar Pradesh, Bihar, Chhattisgarh, Gujarat, Meghalaya, Madhya Pradesh,

and Jharkhand (Stunting, UNICEF).

Moreover, India might have a problem with stunting underestimation. Many stunting

measurements are conducted by anganwadi workers, who are part of India’s Integrated

Child Development Services program and perform public health services in many rural

communities (Anganwadi Centers). Ordinary errors in data collection are exacerbated by

the sheer number of children each anganwadi worker is responsible for, as well as general

low literacy rates.  Stunted children are often referred to Nutrition Rehabilitation

Centers(NRCs); however different centers have different criteria for admission and often

send children back or discharge them early, precluding them from fully benefiting from

supported nutrition (Lodha 2016). Ultimately, children who might otherwise be targeted

for nutrition initiatives fall through the cracks, and the aforementioned stunting

repercussions persist.
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As previously discussed, early-life stunting coupled with accelerated weight gain

later in childhood increases risk of adult chronic illness (Stunting in a Nutshell, WHO). This

is especially significant in India, which has a “double burden” of both stunted and obese

individuals in the population (Misra et al. 2011). The agricultural influence on India’s

increasing obesity rates will be further discussed in Chapter II, but the upshot is that

stunting is intertwined with obesity outcomes in India, presenting increased risk of

weight-related diseases, including heart disease, stroke, hypertension, and type 2 diabetes

(Krauss et al.1998, Lazar 2005, Hall et al. 2014, Lu et al. 2014).

Initiatives to combat stunting include improvements to sanitation and toilet facilities

(Bhandari 2013), and a combination of economic and social directives which include

community members in the push to reduce stunting (Fastest Decline). The specifics of these

initiatives will be explored in more detail in later chapters, but overall, they have been

moderately successful and have potential for scalability. However, other factors, including

agricultural infrastructure and cultural traditions, complicate the story, and will also be

explored in later chapters.

C. A Global Standard of Stunting

It is important to touch on whether a global standard can be used if different ethnic

groups have different median heights. The WHO Child Growth Standards come from the

WHO Multicentre Growth Reference Study, which included data from 1997 to 2003, from

8,500 children in Brazil, Ghana, India, Norway, Oman, and the US (The WHO Multicentre).

This data was used to provide a single international standard to represent growth for all

children from birth to five years (The WHO Multicentre). Before this standard, many local
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charts were used, designating many babies as normally developing when international

comparisons of other developmental milestones suggested otherwise (University of

Oxford). Because the children measured came from healthy mothers in nurturing settings,

the standards represent growth of babies in optimal conditions (Growth Charts).

However, some researchers still question whether the WHO standard is applicable in

India’s case, and whether using this metric is overestimating stunting prevalence. For

example, is height truly a valid measurement of malnutrition, or are there other factors

which contribute to the condition? And what harms arise from using a potentially flawed

individual measure of malnutrition to characterize a nation’s nutritional status?

A 2013 review by Arvind Panagariya maintains that malnutrition (as is the

assumption when a child is classified as stunted) is a multifactorial diagnosis, and requires

more tests than simply a measure of height and weight (Panagariya 2013). Furthermore,

Panagariya argues, even measurements of height are complicated by genetic factors.

Comparing sub-Saharan African childhood stunting rates to India’s rates highlights

the possibility that WHO growth standards might be inadequate. For example, Indian states

have better maternal literacy rates and lower child mortality rates than countries in

sub-Saharan Africa, and both variables are correlated with lower stunting outcomes

(Jayachandran, Pande 2017). However, India has the higher stunting prevalence. This poses

a challenge to the idea that stunting is caused by and is a good indicator of malnutrition: if

India has higher maternal literacy and lower child mortality rates, which help improve

nutrition, then maybe stunting isn’t as linked to malnutrition as previously assumed.

Ekanayake 10



Furthermore, if stunting is a good indicator of malnutrition, wouldn’t improving

nutrition reduce stunting outcomes? The concept of a “gradual catch-up” suggests that

stunting outcomes usually can’t be reversed in one generation of balanced eating (Deaton,

Dreze 2009). This critique of WHO height standards argues that if current stunting

standards were valid indicators of malnutrition, simply improving the diet should

drastically improve the problem, where in reality it takes multiple generations to “catch up”.

It is important, however, to recognize that this interpretation doesn’t allow an alternative

relationship between stunting and nutrition: that malnutrition itself has multigenerational

effects, manifesting in stunting outcomes reverberating down generations. Thus, it is

entirely possible that several generations of balanced diets are required to fully undo the

initial nutritional damage within a family, and the slow improvement in stunting is a

reflection of this.

Panagariya asserts that stationary genetics might mean that some children will

never get to the reference standard, even with sustained perfect nutrition across

generations (Panagariya 2013). In one analysis, even the “elite” children in India who had

high living and nutrition standards and are presumably farther along the “catch-up” curve,

had 15%-20% stunting prevalence (Government of India, 2009). If children with good

nutrition are still deemed stunted based on a global standard, perhaps the standard itself is

problematic.

The fact that certain Indian states have better sanitation conditions than those in

sub-Saharan Africa also indicates that they should be farther along the “catch-up” curve

than sub-Saharan African children (Panagariya 2013). Since they continue to fall short in
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the height department, this again could be an example of genetics explaining the

discrepancy. Furthermore, this logic underscores the prediction that as Indian public health

programs push towards getting the majority of children to meet the height reference

standard, children might experience more and more overnutrition, pushing them towards

the opposite extreme of obesity.

If these arguments are to be accepted, this means that the stunting problem in India

isn’t as dire as it initially seems. Or, perhaps a global height standard is an inappropriate

measurement to truly gauge the prevalence of malnutrition in India.

However, reducing Indian stunting disparities to genetics and dismissing the WHO

growth standard ignores potential nuance. For instance, one question is that India is

economically more robust than sub-Saharan Africa, and economic growth correlates with a

lower stunting rate (Coffey et al. 2013), so why does India have the larger stunting

prevalence? However, comparisons with other countries suggest that national GDP might

not be the best predictor of stunting outcomes in the first place. China’s economic

acceleration in the mid-1970s, for example, had no reduction in infant mortality (Coffey et

al. 2013), which is linked to increased stunting prevalence and malnutrition.

In contrast, a different example could reveal the uncoupling of infant mortality rates

and stunting altogether. Another reason that critics question the validity of WHO growth

standards is that India has lower child mortality than sub-Saharan Africa, while having

higher stunting rates, suggesting that stunting isn’t a good measure of child development

(Coffey et al 2013). However, sub-Saharan Africa has much higher rates of malaria and HIV,

which affect child mortality more drastically than nutrition (Coffey et al. 2013). Therefore,
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supplemented nutrition could technically be leading to better African stunting outcomes

when compared to India, while total child death counts are higher due to sub-Saharan

Africa’s disease environment. Thus, India having lower child mortality and higher stunting

rates than sub-Saharan Africa isn’t necessarily inconsistent, and doesn’t necessarily

invalidate the WHO growth standards.

The disease environment can also explain these seeming discrepancies: a large

fraction of the difference in average child heights between Africa and India can be explained

by the prevalence of open defecation (Spears 2013). Open defecation is very common in

India and contributes to increased risk of disease. This can hamper child development

when compared to sub-Saharan Africa even if India performs better on other development

metrics. Using the “gradual catch-up” concept,  the quick improvement of disease

environments in the past decade might also explain why “elite” Indian children  are still

below height reference standards: they are still affected by malnutrition effects from poorer

environments from preceding generations.

While height remains the global standard for determining malnutrition, it is possible

that other anthropometric measurements may help supplement the identification of

malnutrition along with height. For example, a cross-sectional study of children in Brazil

found that BMI significantly predicted body-fat percentage (Hoffman et al. 2006),

suggesting that BMI could be incorporated more meaningfully into identifying malnutrition

along with height. However, BMI alone might not be as useful as stunting in determining

early childhood malnutrition. A study of African urban children found that there was no

difference in BMI between children aged 7-9 who had been stunted in early childhood, and
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those who hadn’t (Cameron et al. 2005). Thus, stunting is likely still relevant in identifying

children who might still be experiencing the adverse effects of early childhood

malnutrition. This concept also applies to mid-upper arm circumference (MUAC) and

skinfold thickness, which have been used as measures of malnutrition in older children

(Scheffler 2020). Both these measures are reversible later in childhood, whereas stunting is

only reversible during the first 5 years of life. Stunting therefore provides a better

retrospective lens for deficiencies caused by early malnutrition  (Tanjung et al. 2020).

One might ask whether or not questioning the standard with which we use to

measure India’s stunting prevalence even matters, given that it’s reasonably representative

of the issue. The WHO’s Multicentre Growth Study was rigorous, and even included India as

one of the sampled nations used to make the standard. Speculatively, this line of

questioning may unconsciously be a way to avoid categorizing India as having “the worst”

stunting problem. Whether or not this is true, the problem of childhood growth and

wasting does exist, even if things are improving, and regardless of whether or not India

outperforms sub-Saharan Africa. Questioning the standard potentially draws attention

away from the very real impacts of stunting and the challenges of alleviating these impacts.

Furthermore, reliable health data is already difficult to collect in India, given that so many

children fall through the cracks or are misreported. While the precision with which we can

determine malnutrition might be improved by supplementing stunting with other

anthropometric measurements, at the moment, stunting is the best and most widely

sampled metric we have. Thus, it is critical to identify and address the factors contributing

to stunting in order to reverse its adverse effects.
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Chapter II. Effects of National Infrastructure and Policy on Stunting

A. Overview

In order to paint a clear picture of the causes behind stunting in India, it is important

to note that infrastructure and policies have contributed to systemic malnutrition, which is

linked to stunting outcomes. This chapter will explore the relationship between those

infrastructural and policy  decisions and stunting, as well as changes that need to be made

in order to reverse their effects.

B. A Transitioning Nutritional Landscape

As stunting in India is a sign of malnutrition, it follows that some of its causes can be

traced back to agricultural systems. An macro-view of agricultural development indicates

that nations undergo stages of nutrition transition, which describes the national shift in

consumption habits as countries go through economic development stages (Pingali et al.

2019) . India has already passed the first stage, which is defined as “food sufficiency”

(Pingali et al. 2019): India currently produces more than enough food to feed its population

(Lomborg 2012). Despite these achievements in agriculture, India still experiences stunting

and malnutrition on a large scale, suggesting deficiencies in the current agricultural system.

The second stage of nutrition transition, which India is entering, is characterized by

a “westernization” (Pingali et al. 2019) of diet, with the term stemming from nutritional

shifts first made by European and North American countries. This dietary trend features

increased consumption of highly processed, high sugar and high fat foods, largely due to

their convenience and increasing urbanization.  This shift in consumption is also spurred by

more household members working outside the home: as employment increases, women in
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particular have less time to cook at home (Pingali et al. 2019). This change is particularly

significant for rural households: many can now afford food other than what they produce

with their personal farms, allowing consumption of pre-prepared and processed meals.

Due to this increase in consumption of low-nutrition foods, this second stage of

nutrition transition is not accompanied with an improvement in diet quality, especially for

low-income households. Furthermore, most poorer families still rely on staple grains to

address hunger, and access to more nutrient-rich foods is hindered by aftereffects of Green

Revolution policies.

C. Green Revolution Policies

The Green Revolution describes the set of agricultural research transfers that

occurred between 1950 and the late 1960s, with a focus on increasing agricultural

production in developing countries (Hazell 2009). The Green Revolution was largely

supported by the Ford Foundation and Rockefeller Foundation, and began in Mexico before

moving to the Philippines, India, Brazil, and countries in Africa (Wright 2012) in an effort to

ramp up crop yields and address hunger. One important development was the use of

high-yielding varieties of cereals, which had higher outputs than standard varieties for the

same amount of land. Other pioneered methods included the propagation of chemical

fertilizers, strategic irrigation in arid states, and systemic shifts from traditionally

human-centered agriculture to a more mechanized system (Farmer 1986).

India was particularly positioned to benefit from these new strategies. After

independence from British rule, India was plagued with repeated droughts and famines,
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causing a state of national food insecurity (Pingali et al. 2017). India also had a great deal of

untapped farming potential: although the economy was primarily agrarian, food production

was low relative to the area available for cropping (Chakravarti 1973).

In 1961, India seemed to be at risk of mass famine (Bagla 2001). However, as the

Green Revolution progressed, Indian farms started adopting IR8, a rice variety with a yield

ten times the amount of standard varieties (De Datta et al. 2008). Rice was now much

cheaper to produce, and its price dropped correspondingly (De Datta et al. 2008).

Furthermore, India now had more than enough food, at least calorically, to feed its

population many times over. Annual per-capita availability of rice increased by nearly 20%,

and wheat availability nearly doubled in the decades following the adoption of high-yield

varieties and new agricultural technologies (Nelson et al. 2019).

India’s  Green Revolution agricultural changes contributed to its persisting problems

with malnutrition. As a result of the popularization of high-yield grains, production of

“nutrient-rich food crops such as coarse cereals and pulses” decreased (Pingali et al. 2017),

as shown by Figure 1:
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Fig. 1. (smoothened curve derived from Pingali et al. 2017)

The divide between the wealthy and the poor became further marked by diet

diversity. The Green Revolution helped propel “food sufficiency and rising income”

(Pingali et al. 2017), which allowed those on the higher end of the income spectrum to

increase consumption of “non-staples such as vegetables, fish, and meat” (Pingali et al.

2017).  However, these benefits were skewed: poorer households, while also

experiencing relative income increases, didn’t display an increase in diet diversity.

Low-income Indian households depend on cheap staple foods like grains to make up the

majority of their diet and avoid hunger. Thus, these households increased dependence

on bleached  and lower-nutrition grains, whose prices dropped significantly due to

increased output.  However, these price falls were not mirrored by price levels of pulses,

fruits, and vegetables, so these foods and their corresponding micronutrients remained

out of reach for low-income households (Pingali et al. 2017). Correspondingly, this led

to widespread deficiencies in micronutrients such as iron, vitamin A, and zinc (Webb,

Eiselen 2009). Furthermore, certain food groups, such as legumes, actually experienced
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an increase in price, leading to a decrease in consumption across all households,

regardless of income level (Pingali et al. 2017).

Protein in particular posed an accessibility challenge for poorer households:

through “protein inflation”, animal protein products and protein-rich pulses spiked in

price, creating barriers to purchase (Gokarn 2011). Part of the reason for these high

prices is that demand for these foods, especially animal-proteins, increased as incomes

increased and wealthier households could afford to diversify their diets (Sekhar, Bhatt

2017).  This in itself is encouraging because it suggests a cultural palate shift: given

more supportive infrastructure, increased access to protein-rich foods would be warmly

received by Indian consumers, thereby improving  their children’s diets and lowering

stunting risk.

Fruits and vegetables, in comparison, experience high prices due to their

seasonable nature and lack of storage infrastructure (Pingali 2019). Thus, it is evident

that different factors affect pricing of different food groups, suggesting that improving

diversity through agricultural pathways requires crop-specific interventions.

As previously discussed, India’s population is also consuming higher amounts of

convenience foods, in both rural and urban regions. This trend, while seemingly

disparate from barriers to nutrient-dense foods, actually creates a more complex

dietary deficiency situation.

One reason for the shift towards convenience foods is that household incomes

increase as more women enter the workforce (Pingali 2019). Ready-made, highly

processed foods are a natural solution for homemakers who now have less time to cook
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at home. In addition, buying food from convenience stores is often cheaper than cooking

food at home (Pingali 2019). For low-income households in particular, then, fast foods

are a more appealing option than buying more expensive and time-consuming fruits

and vegetables.

Similar to households relying solely on staple grains, children who are fed higher

rates of convenience foods are also malnutritioned, and have the added burden of being

at higher risk of obesity as they age (Misra et al. 2011). This is the interesting paradox of

malnutrition in India: stunted children later experience “catch-up” growth as older

children and adolescents, which is accelerated by consumption of convenience foods,

ultimately leading to problems with overweightedness (Misra et al. 2011). As adults,

these children are then placed at higher risk of cardiovascular disease and diabetes,

among other noncommunicable diseases.

On a national level, this is known as the “triple burden” of malnutrition: India’s

population consists of both calorically undernourished and overnourished individuals,

and both groups experience micronutrient deficiencies (Pingali 2019). Undernourished

individuals, which are the focus of this paper, face caloric deprivation and vitamin and

protein insufficiencies. In addition to stunting, undernourished children are often

underweight (low weight for age) and wasted (low weight for height) (Stunting,

Wasting, and Overweight, UNICEF). Undernourished individuals also face specific

micronutrient deficiencies which lead to disorders like anemia, scurvy, night-blindness,

and rickets (Pingali 2019).
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Overnourished individuals, on the other hand, over-consume macronutrients,

experience the previously mentioned comorbidities of obesity, and also experience

micronutrient deficiencies which exacerbate these conditions. While obesity and

overnutrition aren’t the focus of this paper, it’s important to note that they are also

significant outcomes of agricultural and nutrition gaps that contribute to childhood

stunting.

India has been slow to respond to rising obesity rates, potentially due to efforts

to cultivate growth through relationships with major food corporations (Dewey 2013).

However, more recent government-subsidized programs are now attempting to reverse

obesity growth. For example, JJ Hospital in Mumbai is developing an outpatient

department to provide nutrition and exercise advice to children and teenagers. In

addition, the national Ministry of Health has helped to set up a website offering

nutrition and health information as well as virtual consultations (Tay 2019). Efforts to

improve the agricultural impact of malnutrition, which will be subsequently discussed,

will also help reverse obesity and overnutrition trends.

It is therefore clear that while the Green Revolution succeeded in mitigating

caloric insufficiency in India, it did not completely address (in some ways ended up

exacerbating) micronutrient malnutrition across the country. These deficiencies, along

with inadequate provision of care and other environmental factors, contribute to

growth retardation which manifests as high national stunting outcomes (Branca, Ferrari

2002). Thus, zooming into specific policies enacted during the Green Revolution is a
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much-needed process in order to untangle exactly what kind of institutional  changes

need to be made to decrease malnutrition and stunting.

Primarily, Green Revolution-era policies support high-yield variety grain

production, while simultaneously hindering availability of nutritious food groups. For

example, subsidization of grain production disincentivizes farmers from venturing into

more nutritiously-dense cropping (Pingali et al. 2017). In addition, the non-staple crop

market itself is difficult for small farmers to enter, and requires more infrastructure in

order to successfully navigate (Pingali et al. 2017).

This then begs the question: what agricultural changes need to be made on a

national level in order to reverse the effects of earlier policies and improve access to

nutritious foods in India?

D. Agricultural Policy Improvements to Address Stunting

Primarily, agricultural production needs to focus on increasing output of a wider

variety of crops. Doing so has the potential to directly impact consumption of more

nutrient-rich food. Data analysis in Nigeria showed a 2.4% increase in national dietary

diversity linked to a 10% increase in crop diversity (Dillon, Oseni 2014). However,

increasing production alone isn’t enough. Other studies from African countries suggest

that widening consumer access to markets is also required to increase diet diversity

(Jones 2017). In addition, women’s control over household consumption decisions

influences the relationship between production diversity and diet diversity. A household

survey analysis in Malawi found that the association of increased farm diversity on
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dietary diversity “was significantly greater in women-headed households compared to

those headed by men” (Jones, Shrinivas, & Bezner-Kerr 2014).

Pingali et al. 2017 argues that connecting small farmers to value chains is a way

to increase production diversity. Doing so can both increase consumer access and create

enough infrastructure to increase women’s empowerment in agricultural fields.

A value chain is defined as “the process or activities by which a company adds

value to an article, including production, marketing, and the provision of after-sales

service” (‘Value Chains, Lexico Dictionaries). In an agricultural context, the term refers

to all the steps and processes required to get crops to consumers. Pingali maintains that

both private and public investments need to be directed towards transportation and

storage of non-staple foodstuffs (Pingali et al. 2017). In addition, investments must also

go towards reducing transaction costs that small farmers face when entering non-staple

food markets, such as information-gathering on appropriate price levels and

enforcement of quality measures (Pingali et al. 2017). Infrastructural improvements

such as paved roads and enhanced methods of communication for farmers are also

necessary (Pingali et al. 2017). Furthermore, improved financial infrastructure, such as

accessible credit sources, can help alleviate the high overhead costs of entering a new

market (Pingal et al. 2017). By making these options more available to small farmers,

they are better able to reduce wasted product and loss costs (Meenakshi, Webb 2018).

Increasing production of non-staple foods also has specific policy requirements

that diverge from those for other crops. Compared to staple grains, for which a large

component of successful farming relies on producing massive quantities of food,
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producing non-staple foods requires consideration of produce quality and other

regulatory measures (Meenakshi, Webb 2018). Therefore, national policies that support

food safety regulation as well as information about market trends would lessen the

burden on farmers and help make a more diversified diet available to more people,

ultimately helping to reduce stunting outcomes.

Food safety regulation in particular is crucial in order to not reverse positive

effects of increasing production diversity. In 2015, the WHO found that the “Asian

region”, which includes India, collectively lost “710 disability-adjusted life years (DALYs)

pre 100,000 population...to foodborne diseases; nearly half of these are caused by

diarrheal disease” (Meenakshi, Webb 2018). In India specifically, about 70% of deaths

are thought to be related to food-bourne causes, especially diarrhea amongst children,

as many foodstuffs are revealed to be contaminated with toxins such as detergents and

non-food oils (Umali-Deininger, Sur 2007).

A large proportion of these deaths are in children under 5: the same

demographic that experiences increased stunting outcomes due to malnutrition. Thus, it

is apparent that poorly enforced food safety measures (post-consumer contamination is

a separate issue related to hygiene education) can contribute to nutrient malabsorption,

especially if more non-staple foods are consumed. Moreover, India has a “multiplicity of

regulations under different agencies that contradict...each other and [aren’t] enforced”

(Meenakshi, Webb 2018). Thus, policies focused on consolidating and enforcing food

safety regulations are a critical component of adding to agricultural value chains to

address stunting.
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Another way to increase availability and consumption of micronutrient foods is

by funneling investments into agrotechnology for non-staple crops. Pingali et al. 2017

describes how  “staple grain fundamentalism” means that most agricultural innovation,

even post-Green Revolution, has gone towards increasing output of rice, wheat, and

other staple grains. In comparison, similar biotechnology has not been developed for

fruits and vegetables, though it is sorely needed. In a climate-change environment,

technology to support production of “drought-resistant, heat resistant, and flood

resistant” (Pingali et al. 2019) non-staples is critical to alleviate micronutrient

deficiencies that contribute to stunting. On a small-business level as well, improved

technologies would greatly diminish risk for farmers entering the non-staple market,

especially if it were produced at levels high enough to make them affordable.

Furthermore, agricultural policies can focus on expanding production in

previously untapped regions of India, alleviating harms associated with high-production

areas. In the 1970s and 1980s, Green Revolution policies increased agricultural outputs

in regions like Punjab and Haryana. However these regions are largely maxed out in

terms of production capacity (Pingali et al. 2017) and aren’t particularly efficient with

regards to water usage.

Pingali asserts that a refocusing of agricultural growth in Eastern states, which

see higher annual rainfall, would help diversify food production since the landscape

isn’t already oversaturated (Pingal et al. 2017) and is already positioned to require less

water. Evidence for this is found in the 2011 Bringing Green Revolution to Eastern India

(BGREI) initiative, which was focused on improving the rice-based cropping system in
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the states of Assam, Bihar, Chhattisgarh, Jharkhand, Odisha, Eastern Uttar Pradesh, and

West Bengal (Bringing Green Revolution). This initiative included popularizing

high-yield varieties of rice, optimizing irrigation structures, and building market

infrastructure (Bringing Green Revolution). Similar investments could be made in these

regions to increase production of protein and micronutrient-rich foods.

An important consideration when making all these policy shifts is to assess the

demands placed on women’s labor, and the subsequent harms posed to children. In

India, women play a dual role in terms of being the primary caregivers for their children

and also depending on agriculture as their main source of employment (Meenakshi,

Webb 2018). Increasing agricultural production may present additional burdens to

women if they have less time to devote to their children as a result of a longer workday.

Increased involvement in agricultural output is also associated with adverse

health outcomes for mothers (Singh, Sidhu 2014). Women’s anemia rates have

increased in high-production areas between 2005 and 2016, which negatively impacts

their ability to care for their children (Rai  et al. 2018). Furthermore female

participation in agriculture comes with conditions: they are paid less, experience less

career mobility, and receive no accommodations for childcare or transportation (Sudha,

Parthipan 2019). These factors could exacerbate stunting if overall care and precision of

child-rearing is decreased.

At the same time, household income should increase as a result of more women

working in an expanding non-staple agricultural sector. Increased household

socioeconomic status is correlated with lower stunting outcomes, suggesting a delicate
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balance in whether agricultural opportunity through non-staple food production

hinders or helps mothers’ ability to care for their children.

Therefore, any agricultural policies moving towards non-staple foods need to

mitigate for additional demands placed on women (Johnston et al. 2015). This is

especially important in regards to reducing stunting outcomes and ensuring that diet

diversity doesn’t come at the cost of mothers’ health.

As discussed, income insecurity is another component of increasing dietary

diversity to reduce stunting prevalence. Improved agricultural infrastructure can bring

fruits and vegetables to market, but households need to have the purchasing power to

buy them. Adults in urban areas tend to have more permanent employment, and this

coupled with better overall economic infrastructure allows for higher diet diversity for

all ages compared to people in rural regions (Pingali 2019). Note that this does not

mean that urban regions have drastically lower incidences of stunting. They tend to be

better than rural areas, but across the board, both urban and rural areas have high

prevalence of childhood malnutrition and stunting, and both have households which

could be helped by income increases.

Poorer households also tend to be more vulnerable to unexpected financial

burdens, such as price shocks for foodstuffs, health emergencies, and weather

catastrophes such as famines, floods, or droughts (Pingali 2019). This often translates to

high risks of malnutrition, as seen in Nicaragua: shocks in international coffee prices

depressed incomes of small coffee farmers, leading to worsened undernutrition in

children (Vakis et al. 2004). Health emergencies, especially for household breadwinners,
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increase unexpected spending and divert funds from paying for nutritious

foods(Krishna 2011). These nutritional consequences are borne more heavily by

women and female children, for reasons more fully detailed in Chapter III.

Ultimately, this suggests that measures to make health and catastrophe

insurance more affordable to poorer households are needed to prevent household

incomes from backsliding irreversibly during a crisis, which contributes to stunting

outcomes.

Finally, national policies and infrastructural changes need to be made to public

sanitation. Some examples of poor health environments include “low quality of drinking

water, inadequate sewage facilities, proximity to fecal contamination by livestock and

humans, and poor hygiene in water and sanitation practices” (Pingali 2019). Childhood

stunting and poor public sanitation infrastructure go hand in hand. As a result of the

aforementioned conditions, children are more susceptible to gastrointestinal diseases

that involve diarrhea, which decrease their ability to absorb nutrients from food, and

increase stunting outcomes (Chambers, Medeazza 2013). This increased risk of

malnutrition then creates a vicious cycle: undernourished children are more at risk for

contracting waste-related diseases, and the cycle goes on.

Efforts to improve public sanitation help to reduce stunting outcomes: a 2013

analysis of 112 Indian districts found that almost 60% of children in districts with high

rates of open defecation are stunted, while about 36% of children in districts with lower

rates are stunted (Spears, Ghosh, & Cumming 2013). Furthermore, a 2016 sanitation

initiative in rural Maharashtra included the building of brick household pit latrines and
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promotion of these facilities by a village representative (Hammer, Spears 2016). These

efforts resulted in a 0.3-0.4 point increase in height standard deviation for children

(Hammer, Spears 2016).

The details and successes of public sanitation efforts will be further explored in

Chapter III; however for now it suffices to say that health infrastructure needs to be a

policy focus in addition to economic and agricultural policy changes in order to reduce

stunting risks.
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Chapter III. Effects of Culture and Traditions on Stunting

A. Overview

Stunting is a multifaceted issue, and has more causes than simply a problem with

access to balanced nutrition via agricultural channels. This chapter will examine the

cultural aspects to stunting: that is, the beliefs and traditions held and practiced by

particular groups in the Indian population that contribute to children not receiving

adequate nutrition, thereby exacerbating stunting outcomes. The existence of these

practices also suggest that initiatives to reduce stunting must do more than simply

providing nutritious foods: they must engage and contend with sociological influences that

might render food distribution less effective.

B. Gender Inequality in Household Resource Allocation

Stunting outcomes are not equally experienced by all children in India; a gender

disparity exists. As in many countries, Indian culture tends to value men and boys over

women and girls, and this results in gender-based discrimination which can have

devastating effects on the young female population. A 2010 publication by The Economist

reported that approximately 100 million baby girls were missing in India—that number has

likely increased in the interim ten years—due to mistreatment, infanticide, and general

neglect (Xue 2010). The female children who do survive are adversely impacted by

discrimination, leading to higher stunting outcomes (Bose et al. 2007)

A large component of the gender-discriminatory stunting outcomes for female

children involves the way resources, specifically food, are allocated within households. As
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sons are valued over daughters, sons tend to receive higher priority when food is

distributed. This causes a higher risk of daughters becoming chronically malnourished,

which increases their risk of stunting (Bose et al. 2007). This asymmetric food distribution

begins during infancy: daughters and children without older brothers experience lower

breastfeeding durations compared to other children (Jayachandran, Kuziemko 2009). This

is because these families will prioritize having a son, and “nursing temporarily reduces

fecundity” (Jayachandran, Kuziemko 2009): mothers wean their daughters more quickly

than they otherwise would, in order to start trying for another baby.

As children become older, skewed resource allocation based on gender becomes

more impactful. A 2015 study examining data from India, Bangladesh, and Nepal found that

an increase in the number of siblings causes an increase in stunting risk for girls, but not for

boys (Raj et al. 2015). This suggests that the food scarcity that comes with having to divide

resources amongst more siblings is disproportionately borne by female children. Moreover,

girls’ risk for severe stunting was higher when they had three or more sisters than when

they had three or more brothers (Raj et al. 2015). This suggests that neglect of daughters is

highest when there are no male children in the house, even more so than when a daughter

receives less food due to her brothers being prioritized. Neglect and malnutrition of female

children is therefore potentially alleviated by the presence of brothers, and is worsened in

the absence of brothers, as families continue trying for a male child.

The stunting gender gap is further complicated by delayed effects. A 2018 study

examining longitudinal data from children in Andhra Pradesh and Telangana found that

there was no appreciable difference in stunting prevalence between genders during early
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childhood (0-5 years) which is the period of life most commonly used to record prevalence

of stunting (Krishna et al. 2019). However, gender disparities did appear in later

adolescence, during which girls fell further behind global height standards than boys

(Krishna et al. 2019).  Whether or not this delayed stunting outcome is a result of

accumulated resource restriction and neglect is unclear, as most stunting data focuses on

the critical period of childhood development.

These results could also complicate current understandings of regional differences

in stunting in India. Andhra Pradesh and Telangana are currently listed as states with a

comparatively lower stunting rate (20-40%) (Menon et al. 2018), partially due to their

urbanization and corresponding higher access to education and healthcare. It is possible

that there is something lacking about these regions’ stunting measurements such that early

childhood height-for-age records provide no information with which to predict later

stunting. In any case, the study suggests that the gender stunting disparity exists even

beyond the critical development period, and that perhaps determining successful stunting

reduction requires more longitudinal data.

Seeing this gender disparity across stunting outcomes in India then begs the

question: how can it be addressed as part of a multifaceted stunting reduction movement?

A 2017 study examining populations in Bangladesh and Eastern Indian states suggests that

focusing on maternal education might play a large role in reversing traditional gender

discrimination (Siddhanta, Chattopadhyay 2017). While mothers are often physically the

ones distributing food to their children, they can be influenced by traditional dictations that

encourage  gender discrimination, which tend to be perpetuated by their husbands,
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mothers-in-law, and learned cultural values.  Increasing a mother’s education level

improves her ability to make decisions about resource allocation, asserting her views over

those of her husband or other authority figures. In conjunction with this improved agency,

she is also more likely to reject patriarchal values, allowing daughters as much access to

food as sons (Siddhanta, Chattopadhyay 2017).

Maternal education might have a protective impact on stunting in general, but is

more related to reduced stunting in female children than male children. A 2019 paper

examining data from the 2005-2006 National Family Health Survey in India found that

maternal education correlated with a 59% reduction in stunting for daughters, with just

48% for sons (Nahar et al. 2019). This strong relationship between maternal education and

daughter vs. son stunting is also reflected in a 2014 paper from the University of

Texas-Arlington, which controlled for the mother’s preference for the sex of her children

(ex. Preferred only sons, preferred sons and daughters equally) (Pillai, Ortiz-Rodriguez

2015).

In addition to the education of the mother (and in many cases related to it), the

mother’s age can also increase the food discrimination experienced by daughters,

increasing stunting risk. Younger mothers are more likely to have a “lower status” (Nahar et

al. 2019) in the household, which means that they have less control over the allocation of

resources and may not be the one deciding what to feed each child. As previously

mentioned, other authority figures such as husbands or older live-in relatives often have a

strong influence in how households are run, ensuring that long-held traditions (which are

often biased to favor males) are maintained (Munro et. al 2014, Desai and Andrist 2010). In

Ekanayake 33



light of the education factor, this then brings up the  question: even if young mothers are

better educated or helped to become more literate, will they still remain in a subordinate

position in their household due to their age, and still be unable to make nutritional

decisions for their children?

Promoting delayed motherhood is also not entirely straightforward. The

aforementioned study using the 2005-2006 National Family Health Survey (NFHS-3) data

found that while boys had a 17% lower chance of stunting with older mothers, girls had a

54% increase in stunting risk with older mothers (Nahar et al. 2019). The reason for this

unexpected finding was not discussed in detail in the original study. One would expect older

mothers to have more social leverage in the household, and any sentiments of equal

treatment for all children should be more strongly expressed. However, these results raise

the possibility of older mothers (especially those interviewed in 2005-2006, which was 15

years ago) being more strongly steeped in traditional values. Thus, their extra “bargaining

power” as an older member of the household didn’t decrease stunting risk for girls because

the mothers believed more strongly in valuing sons.

If this is the case, initiatives to prevent adolescent pregnancies would have to

supplement contraceptive education with nutritional education for women who are of a

more appropriate age to become mothers, to ensure that the women who do conceive at a

more appropriately mature age don’t perpetuate gender discrimination. Furthermore, the

NFHS-3 study did not include stratification for urban vs. rural districts: doing so might

provide further insight into why older mothers seem to discriminate against daughters

more than younger ones.

Ekanayake 34



Finally, the NFHS-3 study speculated on the effect of maternal wealth on

gender-skewed stunting outcomes (Nahar et al. 2019). Theoretically, increasing maternal

wealth would thereby increase overall resources, so daughters would receive more food.

Thus, even if sons still receive a larger proportion of those resources, daughters’ nutrition

quality would increase, decreasing the gendered gap in stunting.

In contrast to education, wealth might be a little more protective of boys than girls,

with mother’s wealth increase corresponding to 27% and 20% decrease in stunting

outcomes respectively (Nahar et al. 2019). It’s not entirely clear through the paper itself

why this disparity occurs. It may be that an increase in wealth is still accompanied with

enough resource allocation bias that boys benefit more from the extra resources because

they are still favored. However, one would expect that wealth and education may correlate:

wealthy mothers would be expected to be less inclined to favor sons because their

education removes them from more traditional ways of thinking. Once again, the lack of

rural-urban stratification in this study may limit its scope, giving a blanket association for

the whole country when regional stratification may reveal a more nuanced relationship

between mother’s wealth and gendered stunting outcomes.

One current method to address skewed food distribution and corresponding skewed

gendered stunting is improving sanitation. Doing so has been shown to reduce overall

stunting rates due to decreasing risk of infection and diarrhea, which exacerbate nutritional

deficiencies (Nahar et al. 2019). This would likely decrease stunting outcomes for both

genders because it would decrease their risk of infection and diarrhea, displaying a
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regression to the mean. In the process, it may help reduce the asymmetric stunting burden

on daughters, narrowing the gap as both genders experience height-for-age improvements.

One recent initiative to improve sanitation in India is Indian Prime Minister

Narendra Modi’s 2014 Swachh Bharat movement, which sought to establish a toilet in every

Indian’s home by Gandhi’s birthday in 2019 (Nahar et al 2019.). The success of this

program is difficult to determine, especially in terms of reducing gender skew in stunting

outcomes: the government’s official website states that the mission was 100% successful,

and millions of toilets were constructed. However, the actual utilization of the toilets

remains an issue: crowding, especially in slums, means that people still openly defecate

rather than wait in line (Swachh Bharat Mission 2019). In addition, the maintenance of the

facilities and proper disposal of the sewage remains a problem. While the construction of

toilets has been robust, less effort has been put into incorporating them into public life and

changing behaviors  (Regan 2019).

Another avenue to mitigate gendered stunting is by improving parental nutrition

education. While national nutrition programs focus on mothers as the primary child

caregiver (discussed further in Chapter IV), there also exists room for paternal education.

In cases where mothers have little to no household authority, educating fathers on valuing

daughters and feeding them appropriately might even be more important than maternal

nutrition education. Further examination on the paternal role in reducing stunting can be

found in Section G.

Parental education can also be supplemented with a nutritional surveillance

program for children, during the critical development period and potentially longer (Nahar
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et al. 2019), especially as teaching parents not to favor sons isn’t something that can be

achieved immediately. A surveillance program would require regular development

check-ins for growing children, and could interact with whoever is making the nutritional

decisions for the household, providing critiques and guidance if they notice a gender

disparity.

Implementing programs that directly conflict with deeply-held cultural beliefs is

easier said than done: strong-arming won’t be effective. Instead, health workers must find a

way to become part of the community, build trust, and only then find ways to dismantle

patriarchal pillars. Such an effort would likely be incredibly incremental, and require a

significant amount of customization for each region. Rather than crafting a nation-wide

program, then, as many government health initiatives are, it might be beneficial to focus on

a few similarly-cultured regions, using pre-existing health workers (a discussion of these

workers follows in Chapter IV) to save the cost of integrating new workers into the

community. Such a program could then couple food distribution with systematically

teaching families to value distributing equal nutrition to female children as well as males,

perhaps initially through the lens of raising healthy future mothers, and later due to the

inherent value of all human beings.

In addition, the value of cash incentive programs have been evaluated in terms of

improving care of daughters. For example, a 2009 review analyzed the success of the Apni

Beta Apna Dhan (Our Daughter, Our Wealth) program in Haryana. This program has

provided financial incentives to families since the early 1990s if they gave birth to a

daughter, with bonuses for her reaching her 18th birthday unmarried and receiving an
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education (Sinha, Yoong 2009). The success of this program was mixed: while it did result

in higher parental investment in daughters’ human capital and correlated with higher

height-for-age measurements for daughters, it had a negligible effect on maternal

preference for sons (Sinha, Yoong 2009). Thus, cash incentive programs must be wary in

concluding that money will solve the problem of gender discrimination. While financial

motivation might improve tangible outcomes, educational measures need to be

implemented to solidify the shift in attitudes to value daughters.

C. Birth Order Effects

A 2017 study by Seema Jayachandra examined birth order as a potential explanation

for India’s high stunting rates, specifically when compared to sub-Saharan African

populations (Jayachandra, Pande 2017). This difference is even more marked because India

has better health and development indicators than sub-Saharan populations, yet still falls

behind in child height (Jayachandra, Pande 2017). Examining the 2015-2016 National

Family Health Survey (NFHS) data, this study found that stunting risk increases when

children are second-order births compared to first-order, and this risk increases

correspondingly for third, fourth, and higher-order births (Jayachandra, Pande 2017). This

trend remains true when controlling for maternal age and health, disease environment

(sanitation issues, lack of access to clean drinking water), and clustered household effects

to control for random variances that were specific to each household (Jayachandra, Pande

2017).
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The Jayachandran paper attributes this birth order phenomenon to “eldest son

preference”: the eldest son is traditionally the inheritor of property and cares for his aging

parents; therefore having a healthy son is a high priority in many Indian families. The flip

side of this is that children who aren’t the eldest son may experience suboptimal care. The

Jayachandran paper demonstrates that the eldest son preference is a likely predictor of how

severely birth order impacts stunting risk. In Kerala, Arunachal Pradesh, Assam, Manipur,

Meghalaya, Mizoram, Nagaland, Sikkim, and Tripura, which are matrilineal states, birth

order has a “shallower” impact on stunting outcome (Jayachandra, Pande 2017). In other

words, families that don’t practice son preference see fewer disparities amongst stunting

outcomes due to birth order. This shallower impact of birth order on stunting is also

present amongst Muslim children compared to Hindu children, reflecting how “Islam places

less emphasis on having a son” (Jayachandra, Pande 2017). National comparisons also

mirror this trend: India’s birth order-stunting gradient is significantly higher than that of

Bangladesh and Pakistan, which are both majority Islamic countries.

Paralleling the previous discussion on gender-based discrimination in food

allocation, the eldest son focus also creates a gendered disparity in how birth order affects

stunting outcomes. Sons at a higher birth order have a higher stunting risk if they have

older brothers, suggesting that each subsequent son is considered less valuable and

receives fewer resources and care (Jayachandra, Pande 2017). However, if a son is a higher

birth order child but all his older siblings are girls, he does not experience the birth order

influence as strongly, as he is the eldest son and receives preferential food allocation and

treatment (Jayachandra, Pande 2017).
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In contrast, girls experience more severe birth order impacts: if a girl is later-born,

she is more likely to have lower food allocation because she has more siblings in general

and resources have to split more ways, and one or more siblings is more likely to be a boy,

which worsens the skew of food receipt (Jayachandra, Pande 2017). This effect is more

acutely felt in the absence of a son in the family, which acts as a “fertility-stopping

mechanism”: if a girl is late-born and into a family of all daughters, her parents are likely to

continue trying for a boy, exacerbating the problem of resource division (Jayachandra,

Pande 2017). It also means that the newly-born girl will likely receive fewer postnatal

resources in general, as parents’ attention is focused on having a son.

Jaychandran and Pande speculate that general urban and economic development

might be a way to overcome the effect of birth order on stunting (Jayachandran, Pande

2017). Similar to the previous discussion of increased maternal wealth having a protective

effect against stunting, having more overall private and public resources would mean that

all children would receive better care, decreasing their stunting risk. However, simply

pouring investments into economic development without addressing social and specifically

gendered inequality is unlikely to be sufficient. Girls and women would still face greater

hurdles in becoming educated and rising in the workforce, meaning that any economic

investment without social components would miss an opportunity for an even greater

stunting reduction.

Increasing birth order’s negative impact on stunting is not entirely conclusive,

however. A 2019 study investigated the effect of birth order on neonatal mortality, and

found that when controlling for gender and sibling number, later-born children have a
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survival advantage, effectively reversing the Jayachandran analysis (Coffey, Spears 2019).

Granted, mortality and stunting are different measurements; however childhood stunting is

highly correlated with morbidity, so considering that morbidity is the worst possible

consequence of stunting, factors affecting morbidity likely also impact stunting. Another

difficulty in comparing the two analyses is that the Coffey/Spears paper only looks at

neonatal mortality, while the Jayachandran paper examines children aged 0-5. However,

since the Coffey/Spears sample is included within the larger Jayaychandran sample, this

more narrowly focused analysis may reveal associations that are specific to very young

children that run in opposition to the averaged effects of birth order on stunting on all

children in the critical development period.

Coffey and Spears found that neonatal survival increases in groups of siblings, where

the eldest child is a boy, when the birth location (hospital, home, etc.) was controlled for

(Coffey, Spears, 2019). The study explains this by asserting that a woman who has a boy as

a first birth receives “social benefits” that correspond with a subsequent weight gain. Since

many mothers are underweight in India (Coffey, Hathi 2016), which poses health risks to

their children, weight gain related to an eldest boy confers survival benefits to subsequent

children, especially in terms of being able to extend breastfeeding.

This paper also noted that later-born children in general had lower rates of neonatal

mortality (Coffey, Spears 2019). This is attributed to the theory that by having more

children, mothers experience more independence from extended family due to improved

social standing (Coffey, Spears 2019). This independence also parallels later births because

the more time passes, the more likely it is that a woman’s husband’s parents have died, and
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the mother herself is older and has more social sway (Coffey, Spears 2019). This may

contribute to improved maternal nutrition, as mothers are less pressured to fill traditional

roles of a sacrificial caregiver. In  turn, they are better able to care for their children and

make decisions about how to distribute food. This also calls into question whether birth

order is the actual predicting variable, or whether the impact of later births is just a proxy

for increased maternal age and the increased empowerment in decision making that

accompanies it. The paper itself notes that “[s]teep differences in NNM[neonatal mortality]

by birth order are consistent with steep improvements in maternal nutrition that we

document across childbearing careers” (Coffey, Spears 2019). Thus, focusing on maternal

health instead of birth order might flatten the birth order effect.

A subsequent 2019 paper by Spears and Coffey tries to reconcile the opposing

interpretation of the effect of birth order on stunting between their paper and

Jayachandran’s (Spears, Coffey, Behrman 2019). This paper asserts that Jayachandran’s

paper does not consider the relationship between birth order and the number of siblings a

child has (Spears, Coffey, Behrman 2019): since sibling number and birth order have a 0.98

correlation, omitting it from the Jayachandran analysis is problematic. The review

maintains that if larger families are poorer and have more stunted children, without

variation between children within the same family, doing a regression on birth order and

stunting outcomes would indicate that the later a child is born, the higher risk it has for

adverse health outcomes, but this would actually be “a spurious artifact of the bias created

by the key omitted variable of sibsize” (Spears, Coffey, Behrman 2019). Spears and Coffey

also argue that this omission is particularly significant in Jayachandran’s comparison of
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Indian and sub-Saharan African children. Indian mothers who have many children are

relatively shorter and poorer than mothers with fewer children, while sub-Saharan African

mothers who have many children are relatively healthier and wealthier (Spears, Coffey,

Behrman 2019). Thus, omitting the sibsize effect in a comparison of populations from two

countries is an incomplete analysis.

Excluding the endogeneity of sibling size creates a comparison issue: large families

are being compared to small families, but the effects are being interpreted as intra-familial,

i.e. late vs. early births. Spears and Coffey’s review suggests that when you compare

children with the same number of siblings, being later-born is not disadvantageous (Spears,

Coffey, Behrman 2019). However, children with more siblings are shorter overall than

children with fewer siblings, so the correlation between birth order and stunting may

conflate with sibling size (Spears, Coffey, Behrman 2019).  Given the same number of

siblings, later-born children are as tall or taller than early-born children, supporting Spears

and Coffey’s earlier finding of survival benefits conferred by later birth order.

Another issue the Spears and Coffey review takes with the Jayachandran analysis is

that the NFHS-4 data only includes measurements from children aged 0-5 years, so almost

75% of the children in the dataset are the last-born or next-to-last child at the time of

measurement (Spears, Coffey, Behrman 2019). This means that many later-born children

cannot be compared to their earlier-born siblings, who are out of the age range for the

survey (Spears, Coffey, Behrman 2019). Therefore, there may be more sibling number

effects that are out of the scope of the dataset’s ability to analyze.
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While the Jayachandran paper did control for general maternal fixed effects, the

Spears and Coffey review argues that this insufficient to accommodate the effect of sibling

number because birth order and birth spacing interact, and birth spacing and siblings’ age

aren’t exogenous as they are assumed to be (Spears, Coffey, Behrman 2019). In addition,

birth spacing is a product of a pair of children, and therefore can’t be controlled for at the

individual child level (Spears, Coffey, Behrman 2019). This is exacerbated by the fact that

first-born children have no data to enter for preceding birth interval. Finally, birth spacing

effects are also skewed due to the aforementioned sampling of just children under 5 years

of age (Spears, Coffey, Behrman 2019).

Further analysis has to be done to clarify the relationship between birth order and

stunting and adverse health outcomes related to stunting. However, this doesn’t negate the

gender discrimination that does occur against female children, especially if they have

brothers, which are findings supported by the eldest son preference hypothesis. In addition,

if the Coffey/Spears analysis is correct, stunting outcomes are linked to discriminatory

action against mothers, pre and post-partum, and would need to be considered in measures

to reduce stunting for children.

D. Birth Interval

As alluded to in the previous section, birth interval, or the time between births, may

also be a factor in stunting outcomes. For example, a study investigating children aged 1-5

in Madhya Pradesh found a strong relationship between preceding birth interval (time from

previous birth to child’s birth) and “undernutrition”, which was defined as being
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underweight, wasted, and stunted, based on WHO guidelines (Shahjada et al. 2014).

Prevalence of stunting increased as the preceding birth interval decreased, with the highest

stunting prevalence (51%) was present in children with a preceding birth interval of less

than 24 months (Shahjada et al. 2014). Using all three aforementioned measurements to

determine undernutrition status, the researchers concluded that the risk of undernutrition

decreased with increasing preceding birth intervals (Shahjada et al. 2014).

The picture is slightly more complex when the data is stratified. Based on a 2015

study, low birth spacing appears to be protective against severe stunting for boys but not

girls (Raj et al. 2015). This may be due to the fact that low birth spacing is correlated with

families trying to have a male child: once that male child  is born, they receive preferential

food allocation as well as vaccinations and other healthcare treatments. For this same

reason, short birth intervals exacerbates the risk of stunting for girls. Indeed, it seems that

many factors affecting stunting outcomes disproportionately affect girls, which is important

to consider when designing intervention programs.

One of the reasons that birth interval seems to be a predictor of stunting outcomes is

that it may affect parental pre and postnatal investments in their children. A 2018 study

reviewing data from India, Ethiopia,  Peru, and Vietnam found that “children who were

more widely spaced received more prenatal care, were less likely to be born at home, were

more likely to have a medical professional present at birth, and were more likely to be from

a reportedly wanted pregnancy” (Miller, Karra 2017). This suggests that some of the

deleterious effects of short birth intervals are linked to parental behavior. To confirm these

connections, the researchers analyzed stunting outcomes when parental investments were
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controlled for, and found that they did play a mild mediating role in the way that birth

interval affected stunting outcomes (Miller, Karra 2017). Notably the increased nutritional

investments received by children with higher birth intervals continued throughout the rest

of childhood, indicating that parenting investments during infancy may set a precedent or

habit that continue to affect the child’s growth and development through adolescence.

Future research would need to be conducted to confirm these effects, such as doing

micro-studies within districts amongst parents with similar geographic locations and

therefore parenting traditions, to see whether the birth interval as a variable significantly

changes the assiduousness with which they parent their children.

A possible implication of these results is that an initiative to increase birth intervals

or encourage families to space their births wider should be supplemented with general pre

and postnatal care education. This would allow a compensatory measure if encouraging

larger birth intervals poses a challenge and change is slow. For example, previous sections

described how families often have many children very close together in order to have a boy

as quickly as possible. This tradition may be hard to unlearn, so initiatives that guide

parents towards better nutritional practices for their children, even if they are closely

spaced, could mitigate part of the problem and alleviate stunting risk.

Maternal health also appears to be a factor affected by birth interval, and is

implicated in stunting risk. A 2007 meta-analysis examined the relationship between birth

interval and adverse outcomes for maternal health in multiple countries, including India

(Conde-Agudelo et al. 2007). Short birth intervals were associated with increased risk of

anemia and puerperal endometritis for the mother, possibly caused by inadequate nutrition
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(Conde-Agudelo et al. 2007). Short birth intervals were also correlated with uterine rupture

in women attempting a vaginal birth after previous cesarean delivery, likely due to

incomplete healing from the previous birth’s cesarean delivery (Conde-Agudelo et al. 2007).

Short birth intervals causing mothers to be weak, sick, or in treatment reduces the amount

of attention, breastfeeding, and care the child receives, which can play a part in stunting.

Low birth intervals may also decrease the quality of nutrition children receive, due

to its relationship to adverse maternal health outcomes. For example, a 2003 review defines

maternal nutrition depletion as a decrease in maternal nutritional status from the time

before the mother becomes pregnant to after the baby is born (King 2003). In other words,

the mother becomes malnourished through the course of pregnancy and birth, particularly

in terms of fat, iron, and folate (King 2003). Maternal nutrient depletion problems increase

with short birth intervals, when mothers become pregnant again very quickly after birth

(King 2003). This is due to a shorter period of nutrient replenishing for mothers.

Maternal nutrient depletion has detrimental effects on the baby, as it correlates with

low birthweight and premature birth, both of which set babies up to have higher stunting

risks (Rana et al. 2019). It also compromises nutrient content of breastmilk, increasing the

chance that the baby will become undernourished.

In terms of ways to address low birth intervals, a 2019 paper advocates for

improved family planning as a method to increase birth intervals for Indian mothers (Rana

et al. 2019). Spacing births more appropriately allows enough time for mothers to replenish

nutrients, improving health outcomes for their children. Better spaced births also help
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improve breastfeeding practices, as mothers are less overwhelmed and fatigued and are

better able to care for their babies (Rana et al. 2019).

Family planning also helps adolescents in particular to delay pregnancy to a more

appropriate age. Child and adolescent brides are a common occurrence in India, and this

period of development for a young mother coupled with short birth intervals can worsen

the impact on stunting than short birth intervals alone. By encouraging family planning,

adolescents are able to grow and develop themselves, before choosing to have babies in a

more empowered decision. If the first pregnancy is delayed, it is also more likely that young

women will have had more chances to interact with health workers and experience the

benefits of family planning. Therefore, when they do start families, they will have longer

birth intervals along with an overall better ability to care for their child, having a positive

effect on stunting outcomes.

The Rana paper specifically advocates for combining family planning, maternal,

newborn, and child health nutritional programs in health centers. This direction has

potential to help mothers and families build stronger relationships with health workers,

who then have multiple opportunities to intervene, educate, and guide. Integration of these

services could not only help increase birth intervals, but also address issues like gender

discrimination in food allocation.

It’s also important to note that most of these studies look at the effect of birth order

on stunting across the nation, without stratifying for urban versus rural settings. Closer

analysis may reveal disproportionate birth interval effects on stunting in rural regions, for

example, which would inform how health initiatives are designed.
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E. Age of Mother

As alluded to in the previous section, a mother's age, especially at the age of first

birth, is also a critical component of how likely it is that children will grow up to be stunted.

Despite government regulations against it, child marriages are a common

occurrence in India, leading to many girls having children during their adolescence. A 2019

study examining the 2015-2016 National Family Health Survey (NFHS) data found that age

of mother correlated strongly with child stunting outcomes: children born to adolescent

mothers (defined as younger than 19 years old; the legal age of marriage in India is 18) had

a 0.53 lower height-for-age z-score than children with older mothers (Nguyen et al. 2019).

The study noted that young mothers were “less likely to access health services (-4% to

-15%) and had poorer complementary feeding practices (the process by which babies’

nutrition expands to include food other than breastmilk) (-3% to -9%).” These two factors

were significantly predictive of child height measurements.

As aforementioned, this indicates that younger mothers have less power to make

decisions about their and their babies’ healthcare, and likely have received little to no

education on balanced nutrition. This lack of decision-making power also means that the

person making the decisions is often an older female figure, such as the mother-in-law, who

likely is more closely adherent of traditional gender favoritism or, as will be discussed

Section H, potentially harmful traditional feeding practices, thereby jeopardizing the baby’s

development. The Nguyen study in particular emphasizes the need for better enforcement

of child marriage laws.

Ekanayake 49



Child marriages also exacerbate other variables that increase stunting risk, creating

a kind of perfect storm of developmental challenges. Adolescent girls tend to have high

fertility rates, meaning that the younger a girl gets married, the more likely she is to have

many babies within a shorter period of time (Lal 2015). Therefore, her children will be

increasingly subject to aforementioned sibling number and birth interval effects. As many

child marriages occur in impoverished communities, it is likely that resources and food

availability are low to begin with. High fertility resulting in many children means that fewer

resources must be divided in more ways. Corresponding gender discrimination in food

allocation will also therefore be felt more sharply by female children of young mothers.

Finally, family planning is extremely limited, again worsening birth interval and sibling

number effects on child stunting. A 2015 review found that “those married under 15

averaged 4.96 children; those married between 15 and 17 had 4.15” (Lal 2015).  Younger

mothers also experience especially intense pressure to have a son, potentially explaining

the multiple births (Lal 2015).

Doubling down on enforcement of child marriage laws was suggested as a method to

reduce mother age’s impact on stunting (Nguyen et al. 2019). This practice has been

implemented in the past, and appears to be working to some degree, as UNICEF reports do

indicate declining rates of child marriages in India (Pandey et al. 2019). However, it is

important to note that most perceptions of child marriage laws focus on the potential for

harsh punishment, and not on the inherrent risks associated (Pandey et al. 2019).

Education targeted at parents and community leaders may help with this.
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In addition to addressing child marriage from the parents’ end, focusing on

increasing literacy of girls can give girls the tools to advocate for themselves, thereby

improving stunting outcomes. District-level mapping suggests that higher female literacy in

the southern states correspond with lower stunting rates in these areas (Figure 2, Figure

3), so addressing literacy in low-literacy/high-stunting states like Bihar may help reverse

stunting outcomes:

Fig.2. (Singh 2016)
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Fig. 3. (Menon et al. 2018)

Reviews also suggest that “states like Bihar and Jharkhand, with lower female

literacy rates have higher poverty ratios and asset less populations” (Singh  2016).

Increasing girls’ earning potential through literacy also would therefore contribute to

overall economic and social development, improving factors like sanitation and access to

high-quality healthcare, all of which help to reduce the stunting burden.

F. Author’s Investigation: State-Level Relationship between Mother Age and Stunting

a. Introduction:

Adolescent pregnancy has been found to be linked to childhood stunting outcomes

for a multiplicity of reasons. Nguyen et al. 2019 found that young mothers were less likely

to access health services and had poorer complementary feeding practices, and suggested

that since these intermediate  factors contributed to increased stunting outcomes,

adolescent pregnancy was an important metric in predicting at-risk regions for stunting.
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The paper also advocated stronger enforcement of child marriage laws as a way to reduce

child marriages and therefore adolescent pregnancies, and ultimately reduce stunting

outcomes.

While the link between adolescent pregnancy and stunting is valid on a national

level, state-level disparities exist. A comparison of adolescent pregnancy burden vs.

stunting burden amongst primiparous births unearths these discrepancies, as seen in

Figure 4.

*Legend displays percentage of primiparous births
Fig.4. (data from NFHS-4 Survey, maps created by author)

One would expect the regions of high and low adolescent pregnancy burden and

stunting prevalence to be nearly identical. However, there are particular states where this

trend is not reflected.

Uttar Pradesh in the north of the country, and Madhya Pradesh and Chattisgarh in

the central part of the country demonstrate high stunting prevalence and low adolescent

pregnancy rates. West Bengal and Assam in the northeast and Andhra Pradesh and
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Telangana in the south have lower stunting prevalence and high adolescent pregnancy

rates.

This suggests that there might exist factors which exacerbate stunting despite low

adolescent pregnancy rates in certain states. In addition, other states might have beneficial

factors that lead to lower stunting rates such that the prevalence of adolescent pregnancy is

not as influential in inhibiting childhood development. This data analysis explored these

factors as they applied to the states listed above to further demonstrate state-level

variations that might necessitate targeted anti-stunting initiatives.

b. Methods:

From India’s 2015-2016 National Family Health Survey, after eliminating extreme

values, subsets were created for births in each high stunting/low adolescent pregnancy

state (Uttar Pradesh, Madhya Pradesh, Chattisgarh) and for each low stunting/high

adolescent pregnancy state(West Bengal, Assam, Andhra Pradesh, Telangana). A water

source variable was created, designating an “improved water source” if water was piped

into dwelling, piped to yard/plot, or came from a tube well, borehole, protected well,

protected spring, rainwater, or a community ro plant (Coverage Estimates 2008). A toilet

variable was also created, designating a “toilet facility” available if the household had an

improved toilet, which included  flush/pour flush toilets to piped sewer systems, septic

tanks, pit latrines, ventilated improved pit (VIP)/biogas latrines, pit latrines with slabs, and

twin pit/composting toilets (International Institute for Population Sciences 2017).

In order to gauge which factors might complicate the relationship between mother

age and child height-for-age (HFA), a mixed linear regression model was created:
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model<-lmer(hfa~v212+water+toilet+v106+antenat+(1|sdistri)+(1|ch

ildage)+(1|v130)+(1|s116)+(1|b4)+(1|v025), data=set)

The model determined the effect on child height-for-age Z-score (hfa) of mother’s

age at birth (v212), whether or not the household had an improved source of drinking

water (water), whether or not the house had a toilet facility (toilet), maternal education

level (v106), and whether or not the mother had had access to antenatal services during

pregnancy (antenat) , thereby serving as fixed effects. The model controlled for child

age(childage), mother’s religion(v130), scheduled caste/tribe(s116), district(sdistri),

child’s sex(b4), and rural vs. urban designation (v025) as random effects. Statistical

significance of the  fixed effects was determined using ANOVA in R.

This model was run for each state’s subset in order to determine any factors that

might have stronger relationships to stunting than mother’s age and explained the

aforementioned discrepancies.

c. Results:

Primarily, the regression model was run for states which displayed high adolescent

pregnancy rates but had lower stunting rates.

In Telangana (n=2,020), mother’s age at birth was not significantly associated with

child HFA, but did display an inverse relationship (χ2 (1)=  0.1928, p>0.05). All other

high-adolescent pregnancy/low-stunting states displayed non-significant but positive

relationships with mother’s age. Telangana displayed significantly higher child HFAs for

households with toilet facilities (p<0.001), and child HFA increased for each additional level
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of maternal education achieved (p<0.001). Figures 5 and 6 below demonstrate the

relationship between toilet facility and maternal education and child HFA.  All other states

which also showed a strong association with these variables had plots which behaved

exceedingly similarly; they are included in the appendix.

Fig. 5. Effect of Toilet Facility on Child HFA in Telangana

Fig. 6. Effect of Maternal Education on Child HFA in Telangana
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Andhra Pradesh (n=2,581) displayed similarly strong associations between

maternal education and toilet facility and child HFA (p<0.001). West Bengal (n=4,773) also

showed significantly higher child HFA for toilet facilities (p<0.01), increased maternal

education, and increased maternal age at birth (p<0.001). Finally, Assam (n=8,763)

displayed significantly higher child HFA for higher levels of education (p<0.001) and

slightly less significantly higher child HFA for increased maternal age (p<0.01).

For the states which were high-stunting/low adolescent pregnancy, Uttar Pradesh

(n=36,133) displayed significantly higher child HFA at the p=0.001 level for presence of

toilet facilities, higher maternal education, increased maternal age, and access to antenatal

care during pregnancy (Figure 7).

Fig. 7. Effect of Antenatal Care on Child HFA in Uttar Pradesh

Madhya Pradesh (21,038) showed the same associations at the same significance

level for toilet facility and maternal education, and also showed increased child HFA for

increased maternal age, significant at p=0.05. Lastly, Chattisgarh (n=8,123) also showed
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increased child HFA with presence of a toilet facility (p<0.01) and with increased maternal

education (p<0.001).

d. Discussion:

Out of the high adolescent pregnancy/low-stunting states, Telangana and Andhra

Pradesh displayed virtually no relationship between mother’s age at birth and child HFA,

with low HFA more closely related to lower maternal education and poor sanitation

environment, as noted by absence of an improved toilet facility. In comparison, West Bengal

and Assam, while also demonstrating significant relationships between maternal education

and toilet facility and child HFA, also show slightly less significant but still notable

connections between younger mother age and child HFA.

One reason for this variation might be literacy rates. A review of 2011 literacy rates

reveals that Telangana and Andhra Pradesh had slightly lower overall literacy rates than

Assam and West Bengal:
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Fig. 8. (Ranking of states 2013)

These numbers are also reflected in more recent data, as the 2015-2016 National

Family Health Survey indicates that Telangana and Andhra Pradesh have about 5-6%

percentage lower literacy rates for women compared to women Assam and West

Bengal(International Institute for Population Sciences 2017). Furthermore, Telangana and

Andhra Pradesh have about 10% higher percentage women who have not received any

schooling at all compared to those in Assam and West Bengal(International Institute for

Population Sciences 2017). Therefore, Telangana and Andhra Pradesh might have no

association with adolescent pregnancy and stunting due to the fact that they have a larger

prevalence of illiterate or less-educated mothers overall, not just within the adolescent

mother population. In contrast, Assam and West Bengal’s higher education population
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could mean that when mothers are less educated, they are much more likely to be so due to

early marriages and young motherhood, causing a tighter linkage of child HFA and maternal

age.

Amongst the low adolescent pregnancy/high-stunting states, Madhya Pradesh,

Chhattisgarh, and Uttar Pradesh demonstrated less significant relationships between

maternal age at first birth and child HFA when compared to other predictor variables, but

demonstrated them just the same. Thus, it is very possible that state-level regression, while

more precise than the national relationships found by Nguyen et al. 2019, simply fails to

capture variation that is visible when looking at district-level data on a map. While

statistical methods determine many of these states to have significant relationships

between maternal age at birth and child HFA, the maps reveal that this isn’t true at a district

level. One cause of this might be that certain districts with extreme variations in adolescent

pregnancy rates might be more influential in the state-level regressions, even when

including districts as a random effect.

Furthermore, an alternate explanation for high adolescent pregnancy states having

low stunting outcomes and vice versa might be overall access to healthcare. This effect

might not have been entirely captured by the regression model because by subsetting by

state, overall access to healthcare remains constant across mothers in that state. However,

national weighted averages reveal that states like Andhra Pradesh and Telangana have very

high health access for mothers(International Institute for Population Sciences 2017), which

may alleviate one of the burdens of adolescent pregnancy and thereby make adolescent

pregnancy less of a predictor of stunting. In comparison, states like Uttar Pradesh and
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Madhya Pradesh have about 20% less of their women receiving adequate healthcare,

especially antenatal care(International Institute for Population Sciences 2017). Thus, the

fact that adolescent mothers are more likely to have stunted children due to less healthcare

resources becomes less of a unique factor: everyone, not just young mothers, struggles to

receive adequate care.

Ultimately, while national and statewide relationships can be determined, successful

targeting of stunting will require honing in on specific causes that affect specific districts

and communities: just because something is an influential stunting factor in one region

doesn’t mean it will be in another region.

G. Author’s Investigation: The Effect of Paternal Involvement on Childhood Stunting

a. Introduction:

The vast majority of parent-related stunting initiatives are directed at mothers, both

due the direct relationship between maternal health and child nutrition, and also due to the

fact that mothers in India are traditionally the main caretakers of children. However, as

development and urbanization continues, paternal education increases, and with it follows

an increased “paternal interest in child nutrition” (Sharma et al. 2016). This is often linked

to increased economic empowerment of women: as women step into more “masculine”

roles and increase their fiscal agency, fathers also expand their role to be more active in the

lives of their children.

Furthermore, fathers can be critical players in child raising even if they themselves

aren’t the ones physically caring for the children. As previously mentioned, many fathers
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perpetuate son preference, and especially in households where mothers have less agency,

fathers can be an important touchstone of gendered food allocation which disadvantages

daughters. Fathers who are less knowledgeable about the physical stressors of pregnancy

may also expect their wives to shoulder their normal workload, not realizing that this

compromises their children’s development. Finally, mothers who have many children (as

custom dictates) might struggle under the burden of splitting their attention so many ways.

With one parent hands-off, it is likely that children are at higher risk of contracting

infections unnoticed or not receiving proper nutrition.

In contrast, children whose fathers are more active in child rearing can have

improved development outcomes. For example, a study of farming households in South

West Ethiopia found that children whose fathers participated in raising and feeding them

had higher height-for-age scores by 0.1 (Abate, Belachew 2017). However, there is a

marked dearth of research on paternal involvement in India and child development

outcomes. The literature that does exist is reliant on trends observed in higher-income

countries, and is often confusing. For example, a cross-sectional study in a Bangalore slum

found that fathers’ feeding patterns of their children were unlinked to malnutrition (Inbaraj

2020), which suggests that paternal behavior doesn’t matter in reducing stunting risks.

However, this study simply observed the way fathers behaved when they fed their children,

such as insisting that they finish everything on their plate. There was no investigation of

whether fathers knew anything about nutrition when they were feeding their children, and

whether this might impact the quality of food the child received.

Ekanayake 62



With this background, the current investigation sought to determine paternal

knowledge about child and maternal health and nutrition as a measure of fathers’

involvement in child raising, and to determine whether this impacted child height

outcomes.

b. Methods:

While the 2015-2016 National Family Health Survey has dozens of variables

exploring maternal factors contributing to child development, very few similar survey

questions were asked of men. Therefore, the ones that did relate to children were organized

into five groups, in some cases consisting of composite variables: whether fathers (1) had

received information about pregnancy complications, (2) had knowledge of pregnancy

nutrition regarding keeping both mother and child nourished, (3) had knowledge about

safe delivery practices, (4) understood the importance of breastfeeding to child growth and

health, and (5) whether the father had participated in maintaining the child’s health.  Much

of this information was reliant on the fathers’ interactions with ICDS health workers. The

questions that made up these groups are listed below in Table 1.

Table 1. Creation of Paternal Involvement Variables

Composite Variable Question from NFHS-4

Knowledge of pregnancy complications (comp) "Told about sign of pregnancy complication:
bleeding" (sm327a   )

"Told about sign of pregnancy complication:
convulsion" (sm327b )

"Told about sign of pregnancy complication:
prolonged labour" (sm327c )

"Told about sign of pregnancy complication:
abdominal pain" (sm327d )
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"Told about sign of pregnancy complication: blood
pressure"(sm327e )

Knowledge of pregnancy nutrition
(nutri)

"Health provider/worker spoke to respondent about
nutritional advice, during preg" (sm329b)

Knowledge of safe delivery practices
(deliv)

"Health provider/worker spoke to respondent about
delivery advice, during pregnant” (sm329a )

"Cord care explained to respondent, during
pregnancy prior to child's birth" (sm331a)

"Need to keep baby warm after birth explained to
respondent, during pregnancy prior to child’s birth"
(sm331c )

Knowledge of breastfeeding
(breast)

"Need to breastfeed explained to respondent,
during pregnancy prior to child's birth” (sm331b)

Participation in maintaining child’s health "Service went for: Treatment for child” (sm321e)

"Service went for: Growth monitoring of
child”(sm321g )

Primarily, a simple bivariate analysis was performed on these discrete variables

independent of their composite group, in order to get a better sense of their relationship to

stunting. Cross tabulations and chi-square tests were performed with birth order and

rural/urban stratification in order to better tease out any relationships between paternal

involvement and child stunting that could be influenced by these covariates.

The mother and couple recode NFHS-4 data sets were merged and restructured to

allow list each child as a separate row, and the composite variables were constructed.

Finally, the merged dataset was subsetted into rural and urban groups (n=171,519 and

n=53,483 respectively).

Then, a linear regression model was constructed using mixed effects:
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model<-lmer(hfa~variable+(1|b4_)+(1|adpreg)+(1|sdistri)+(1|sm320

)+(1|v130)+(1|b8_)+(1|v190)+(1|s116)+(1|v106), data=subset)

Here, the relationship between a paternal involvement variable and child

height-for-age (HFA) is determined, with random effects of child sex, whether or not the

mother was adolescent, district, delivery location (hospital, home, etc.), mother’s religion,

child’s age, household wealth index, whether the child belongs to a scheduled caste or tribe,

and maternal education level.

This model was run for each paternal involvement variable independently, and then

for all the variables together in a combined model. ANOVA was used to determine statistical

significance.

Due to the simple mixed linear model returning results that suggested the presence

of other interactions with covariates, a model was fit using sex of child, adolescence of

mother, water source, and toilet facility as potential interaction effects, and run for paternal

involvement predictors independently and as a combined model, for both rural and urban

populations:

model<-lmer(hfa~variable*(b4_+adpreg+water+toilet)+(1|sdistri)+(

1|sm320)+(1|v130)+(1|b8_)+(1|v190)+(1|s116)+(1|v106),

data=subset)

c. Results:

In the bivariate analysis, the majority of the variables showed significance and

non-significance across birth orders and rural/urban designations with no particular
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pattern. However, within the rural subset, paternal knowledge of pregnancy nutrition had a

consistently positive relationship to lower stunting outcomes across birth orders 1-3

(p<0.05), with significance diminishing at birth orders 4 and 5. This may be due to resource

divisions at high numbers of children overwhelming the potential positive effect of paternal

behaviors on child growth. Paternal knowledge of safe delivery practices was also

significant at the p=0.05 level for birth orders 1-3. Other variables showed less consistent

significance, but in terms of counts, increased paternal involvement and knowledge was

related to higher numerical incidence of non-stunted children. The tabulation of the

bivariate analysis can be found in the appendix.

In the independent variable regressions, the only regression that showed statistical

significance was the effect of safe delivery practices in the urban population: children

whose fathers had knowledge of proper delivery procedures had a 0.367 increase in HFA,

which was significant at p=0.05 (Figure 9).

Fig.9. Effect of Paternal Delivery Knowledge on Child HFA, Urban Population
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While the other paternal involvement variables did not demonstrate significant

impact on child HFA, they did demonstrate similar trends. For both rural and urban

populations, children whose fathers had knowledge of pregnancy complications had

increased HFA (Figure 10).

Fig.10. Effect of Paternal Pregnancy Complication Knowledge on Child HFA

Rural Urban

For both rural and urban populations, children whose fathers had knowledge of

pregnancy nutrition also had increased HFA (Figure 11). In addition, while the significance

was >p=0.05, the nutrition regressions were the closest to being <p=0.05 out of all the

paternal involvement variables, mirroring the results from the bivariate analysis.
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Fig. 11. Effect of Paternal Pregnancy Nutrition Knowledge on Child HFA

Rural Urban

For rural populations, paternal knowledge of delivery practices was related to a

slight decrease in child HFA, but the significance was close to 1.

For knowledge about breastfeeding, urban and rural populations had opposite

effects on stunting (negative and positive, respectively), however neither were significant.

For paternal participation in child health maintenance, non-significant opposite effects

were also present: in rural populations, this participation was linked to lower child HFA,

while the reverse was true in urban populations (Figure 12 ).
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Fig. 12. Effect of Paternal Involvement in Child Health Maintenance on Child HFA

Rural Urban

Finally, in the rural combined models (where all paternal involvement variables

were included in the model), paternal knowledge of pregnancy complications was

determined to be a negative predictor of child HFA at the p=0.05 level; all other variables

showed no significant effect on HFA ((Figure 12). The other variables showed a variety of

effects, with increased pregnancy nutrition knowledge, decreased delivery practices

knowledge, increased knowledge of breastfeeding, decreased participation in child health

maintenance, and decreased knowledge of pregnancy complications correlated with

increased child HFA.
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Fig. 13. Effect of Paternal Involvement on Child HFA (Rural)

The combined urban model showed no statistical significance, but displayed that

increased pregnancy nutrition knowledge, increased delivery practices knowledge,

decreased knowledge of breastfeeding, decreased participation in child health

maintenance, and increased knowledge of pregnancy complications correlated with

increased child HFA (Figure 14).
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Fig. 14. Effect of Paternal Involvement on Child HFA (Urban)

As aforementioned, the mixed results of the simple linear regression model

suggested that a more appropriate model would include interaction effects, which could

explain some of the variability in the effect of paternal involvement variables on child HFA.

Running the model with interaction effects on the paternal involvement variables

one by one revealed a significant interaction between age of mother and the effect of

paternal pregnancy nutrition knowledge on child HFA (p<0.05) in rural populations: for

adult mothers, increased paternal pregnancy nutrition knowledge corresponded with a

higher child HFA, while it corresponded with decreased child HFA for adolescent mothers,

as shown by Figure 15. This suggests endogeneity between paternal pregnancy nutrition

knowledge and mother’s age: older mothers might be more educated, and also have

husbands who are more educated and their combined knowledge and awareness of

child-raising might contribute to increased child HFA. In contrast, factors related to
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adolescent mothers (poor health, low-education) may influence the supposed negative

effect of paternal nutrition knowledge on child health, instead of the knowledge alone.

Fig. 15. Interaction of Mother’s Adolescence with Paternal Pregnancy Nutrition

Knowledge’s Effect on Child HFA (Rural)

In urban populations, toilet facility also showed a significant interaction with

paternal pregnancy nutrition information: not having a toilet facility sharply increased the

positive effect of paternal pregnancy nutrition knowledge on child HFA (Figure 16). This

suggests that in households with poor sanitation facilities, paternal involvement in

pregnancy care and nutrition might be critical to mitigating disease effects of open

defecation, particularly in urban slums.
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Fig. 16. Interaction of Toilet Facility with Paternal Pregnancy Nutrition Knowledge’s

Effect on Child HFA (Urban)

Including interaction terms also displayed a significant effect of paternal

knowledge about delivery procedures in urban populations, with children whose father

received delivery information had a 0.14 higher HFA (p<0.05) (Figure 17).
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Fig. 17. Effect of Paternal Delivery Knowledge on Child HFA (Urban, Interaction Model)

In addition, toilet facility interacted significantly with paternal knowledge of

breastfeeding: in rural populations, breastfeeding knowledge was linked to increased child

HFA for households with no toilet facility, while had a negative effect on HFA

for households with toilets (Figure 18). This again indicates that the benefit of paternal

involvement and knowledge in child care might be especially important in under resourced

settings with poor sanitation.
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Fig. 18. Interaction of Toilet Facility with Paternal Breastfeeding Knowledge’s Effect on

Child HFA (Rural)

Child’s sex may also have a significant interaction wit how paternal involvement

affects HFA: in rural populations, increased paternal involvement in maintaining child

health was associated with higher HFA for daughters, but lower HFA for sons (Figure 19).

This illustrates the potential effect of paternal education and involvement on alleviating

gender disparities in stunting, as fathers may favor sons less the more they learn about

child care. The implications of the negative effect on son HFA is less clear; however it could

be that fathers who were less involved in the care of their sons had sons who were healthier

to begin with, and therefore needed less monitoring and fewer doctors’ visits and had a

correspondingly higher HFA.
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Fig. 19. Interaction of Child’s Sex with Paternal Involvement in Child Health’s Effect on

Child HFA (Rural)

Finally, the combined interaction effects model displayed an overall increase in child

HFA for paternal knowledge of pregnancy complications (p<0.05) (Figure 20) in rural

populations.
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Fig. 20. Effect of Paternal Knowledge of Pregnancy Complications on Child HFA (Rural)

The combined interaction model for urban populations also displayed an interaction

between water source and effect of paternal pregnancy nutrition knowledge on child HFA,

with unimproved water source linked to a negative paternal knowledge effect (Figure 21).

While this contradicts previously mentioned interaction trends for toilet facility, it does

show that sanitation is a critical factor in addressing stunting and ensuring that initiatives

focused on other stunting variables aren’t hampered by a poor disease environment.
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Fig. 21. Interaction of Water Source with Paternal Pregnancy Nutrition Knowledge’s

Effect on Child HFA (Urban)

d. Discussion:

The results of this investigation have mixed implications for the effect of paternal

knowledge and involvement in child HFA. On one hand, there were few statistically

significant results, and some that were significant suggested that knowledge of pregnancy

complications is linked to decreased child HFA. In addition, out of the non-statistically

significant results, some of them also showed counterintuitive trends where less knowledge

and education was linked to increased child HFA.

On the other hand, knowledge of safe delivery practices in urban populations was

shown to be significantly associated with increased child HFA, and many of the

non-significant trends also suggested that more paternal knowledge and involvement could

be associated with increased child HFA. In addition, the near-significance of pregnancy
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nutrition knowledge reflects the consistent significance impact of paternal pregnancy

nutrition knowledge in decreasing stunting outcomes displayed in the bivariate analysis.

Finally, inclusion of interaction variables revealed potential reasons for the mixed effects of

paternal involvement on child HFA, with toilet facility, child sex, and age of mother varying

the paternal involvement effect in different groups.

The dataset itself is not particularly well-suited to determining the effect of paternal

involvement in stunting, and low response rate could have contributed to low statistical

significance. Revisions to the composite models could include creating a more varied

paternal involvement “score”, rather than binary “yes/no” designations. In addition, it is

questionable how truthfully the questions were answered: the model took a “yes” to mean

that the person had retained some knowledge, but this wasn’t actually verified.

Furthermore, health workers tend to focus on mothers to begin with, so it is difficult to

ascertain how carefully informed fathers were.

Future investigations could dig more deeply into the aforementioned interaction

variables, subsetting by interaction variables and developing a clearer picture of situations

for which paternal involvement is particularly beneficial for alleviating stunting, and which

situations call for focus on other stunting factors. Ultimately, these results demonstrate just

how interwoven stunting factors are, and highlight the need for targeted,

community-specific interventions to effectively combat the issue.

Future survey designs can als include more probing questions about paternal

involvement in child care, in order to determine contexts where paternal health education

might be especially helpful.  For example, a study from 1984 found that couples who
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attended pregnancy health workshops together experienced decreased risk of perinatal

mortality compared to mothers who attended them alone (Bhalerao et al. 1984). Thus,

more precise data collection could build evidence in favor of  more robustly integrating

men into pregnancy and child nutrition education already provided by national programs.

H. Traditional Dietary and Medicinal Customs

As with many countries facing a postcolonial period, India’s health practices include

both traditional and allopathic medicine. As such, the presence of sometimes opposing

medical perspectives present challenges when addressing large-scale health concerns such

as stunting.  For example, traditional and allopathic health practices come into direct

conflict in the pre and postpartum period, and the adherence to one or the other may help

paint a clearer picture of stunting outcomes, independent of the healthcare system in place

in that region.

Tamil Nadu, for example, is one of the most technologically and infrastructurally

developed states in India (Van Hollen 2003), yet has a roughly medium to high prevalence

of stunting (approximately 20-40%) (Menon et al. 2018) While these are certainly not the

highest rates in India, it is still objectively elevated especially compared to its relative level

of development. Conflicts between traditional and allopathic practices are especially

apparent due to the consistent development of the Maternal and Child Health Services,

which is part of India’s National Health Mission (Department of Health and Family Welfare).

The program services seem to target low-income and scheduled caste pregnant women in

particular, as a birth at a hospital is seen as the best chance of “reforming” these women

Ekanayake 80



from health practices deemed dangerous and detrimental (Van Hollen). While the official

government stance is a little less polemic on the risks of traditional medicinal practices, its

trickle-down interpretation by individual health professionals is often very critical of

women following these traditions, which can affect how well these health workers can

guide their patients.

Traditions surrounding the maternal diet before and after birth are particularly

restrictive in regions like Nochikuppam and Kaanathur-Reddikuppam in Tamil Nadu. In

Madras, some women don’t eat food for the first three days after birth to ensure that the

“blood will come out”, which is based on an idea that postpartum bleeding is necessary to

maternal health because it ensures that “pollution” of childbirth exits the body (Van Hollen

2003). Furthermore, there exists a fear of harming the baby’s health: it is believed that if

the mother eats within the first few days of delivery, this will alter her breast milk causing

the baby to contract a disease called māntam (Van Hollen 2003).

Comments from nurses in the national health system demonstrate how health

workers oppose these dietary restrictions: “They think they should keep their bodies

dry...and if they eat food their bodies will not be dry. But we nurses and doctors tell them

that the “digestive system” and “reproductive systems” are separate systems so that the

food they eat will not have an effect on cleaning out the blood from the ‘uterus’” (Van

Hollen). In this way, health workers are combating voluntary maternal malnutrition in the

first few days after birth, potentially preventing harm to breast milk nutrient quality and

increased stunting risk.
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However, it is questionable how effective these verbal oppositions are in terms of

convincing mothers to abandon traditional dietary practices. Rather, the hospital setting

might be more important in this persuasion: the aforementioned nurse noted that “[t]here

was an Anglo-Indian woman who was eating normal food after her delivery. We pointed

this out to the other women and when the others saw her they, too, ate” (Van Hollen 2003).

Thus, it may be less the arguments provided by healthcare workers (which rely on

allopathic modes of logic, which may not translate to mothers accustomed to more

homeopathic ways of thinking about health), and more simply being around other mothers

who accept allopathic-based nutrition that leads more traditional mothers to buck custom.

Whether or not this shift maintains itself after the hospital stay is over is less certain, but it

may at least catalyze some changes in ideas of proper nutrition. These small changes may

compound over time, ultimately reducing risk of stunting outcomes.

Dietary restrictions for women in Tamil Nadu continue well past birth. For example,

some mothers “would eat only boiled food so as to avoid all oil or  fat” (Van Hollen 2003), as

well as “watery” vegetables like pumpkin, snake gourd, and eggplant (Van Hollen 2003).

While a low-fat diet may have a negligible effect on child nutrition, a lack of vegetables may

compromise breast milk production or nutrient density, contributing to growth stunting.

Furthermore, interviews conducted with non-Brahmins in Tamil Nadu revealed that

meat and fish products should not be consumed for two weeks after birth (Van Hollen

2003). These restrictions on protein consumption which could adversely affect the baby’s

growth. For example, a study in Sweden suggested that low-protein diets in women can

alter nitrogen output in breast milk, thereby affecting the infant’s daily protein intake, with
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“potential nutritional significance” (Forsum 1980). In addition, a 2016 study of children

from Malawi found that stunting is associated with low intake of essential amino acids

(Semba et al. 2016), suggesting that postnatal protein restriction by mothers in Tamil Nadu

may contribute to stunting outcomes. Protein restriction might also compromise breast

milk quantity as well as quality. In 2011, Wistar rats fed a low-protein diet were found to

have significant decreases in mammary gland mass and prolactin secretion, which led to

low milk production and impairment of pups’ growth (Moretto et al. 2011). A study on

Peruvian children in a periurban community also suggests that breast milk is an important

supplement of protein when toddlers consume diets low in animal products, and this

supplementation is associated with positive linear growth, potentially reducing risk of

stunting (Marquis et al. 1997).

However, it is important to ascertain whether restricting animal products in the

postpartum period actually constitutes a low-protein diet for these women. The Forsum

study on nitrogen output in breast milk notes that most communities don’t have as low an

overall protein consumption as the extremes tested in the study, so it’s possible that women

in Tamil Nadu still consume enough protein through plant-based foods to prevent adverse

outcomes in breast milk production and subsequent child growth problems. Nonetheless, a

2017 report from the Indian Market Research Bureau states that protein deficiency across

Indians is over 80%, especially for vegetarians (Khandelwal 2018). Thus, animal product

restriction for new mothers becomes all the more critical, as they are likely to have been

protein deficient already.
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Maternal dietary restrictions are also related to patriarchal conceptualizations of

self-sacrifice, especially among low-income communities in Tamil Nadu. A

physician-scientist in Van Hollen’s analysis noted that a mother giving up her rations of rice

so that her family members and husbands are able to eat their fill is common practice. This

self-sacrifice doesn’t cease during pregnancy nor after birth, which is when sufficient

caloric intake is most critical for the mother’s health and therefore the baby’s development

(Van Hollen 2003). In this instance, we see that it is not a restriction of the type of foods

that cause risk to child development, but the sheer quantity itself, as maternal

undernutrition is also linked to childhood stunting (Black et al. 2013).

These social constructs are not easily dismantled, and certainly not by blunt

rejection of patriarchal values. An approach by India’s Integrated Child Development

Services (ICDS) offers an example of how to successfully convince mothers to eat more,

without dismissing their belief system: the government provided women with free

“nutritious food”, specifically including ragi, which is a cereal grain (Van Hollen 2003). As

ragi is considered to be a grain consumed by lower social classes, women often chose to

give their families the more “elite” rice and take the ragi for their own consumption. As ragi

has roughly the same caloric and nutritional value as rice, this approach allowed healthcare

workers to circumvent the glorification of maternal starving, without coming into direct

conflict with long-standing societal constructs.

However, the success of this initiative isn’t necessarily a cure-all for all

patriarchally-imposed maternal nutrition limitations: we can’t find low-value substitutes

for all nutrition. This brings up the question, then, of how efforts should be directed in the
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future: should Indian health workers and  NGOs focus on high-impact, immediate solutions,

which could potentially lead to large-scale system change in the way maternal nutrition is

valued? Or should systemic social change be targeted directly?

Dietary restrictions are not limited to mothers: tradition also dictates certain

parameters for the baby as well. For example, “following delivery, many women in Tamil

Nadu did not put the baby to the breast to drink the colostrum”, which is the first form of

milk produced by the mammary glands, as they feared it would cause gastrointestinal

problems for the child (Van Hollen 2003). This concern is also wrapped in beliefs about the

“pollutedness” of a woman’s reproductive functions. Some believe that the colostrum is

“derived from menstrual blood which ceases at conception and which has been stagnating

during pregnancy” (Van Hollen 2003). Colostrum avoidance may also be linked with

stunting outcomes: a study conducted in food surplus areas of the West Gojjam Zone in

Ethiopia found that child not fed colostrum were 2.1 times as likely to be stunted (Teshome

et al. 2010). These results are echoed in a study in the Aydin province of Turkey, with risk of

stunting increasing nearly threefold when colostrum was not given (Ergin et al. 2003), and

in a study of preschool children in the Afambo District of Northeast Ethiopia, where

colostrum feeding is associated with lower risk of child undernutrition (Liben et al. 2016).

It is unclear whether the stunting is directly related to colostrum avoidance, or whether

colostrum avoidance is a similar part of a set of postnatal feeding behaviors that restrict

nutrition to babies. However, colostrum restriction serves as an example of how traditional

dietary restrictions for babies might deleteriously impact development.
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Deleterious feeding practices were also echoed in a 2016 cross-sectional study in the

rural field practice field area of Kilpauk Medical College in Tami Nadu (Dhanalakshmi,

Selvaraj 2019). Many mothers didn’t begin complementary feeding until 9 months, while

lack of complementary feeding after 6 months is linked to acute malnutrition (Gadappa,

Behera 2016). Furthermore, mothers reported low feeding frequency of infants, and

stopping feeding altogether for periods of illness, increasing mortality risk (Dhanalakshmi,

Selvaraj 2019). In addition, the practice of delayed complementary feeding is present across

India as whole and is related to stunting and severe stunting prevalence, as per an analysis

of the 2015-2016 National Family Health Survey (Dhami et al. 2019).

Another traditional feeding practice in Tamil Nadu involves the piracava maruntu

medicine, which is often given to babies and mothers. One mother explained that she mixes

the medicine with rice and eggplants to give to her daughter, with nothing else— “no milk,

no greens, no eggs, nothing”(Van Hollen 2003)—for three months. Assuming this mixture is

given to babies still within the window for breastfeeding, there is a risk of babies being

undernourished, as they are not receiving adequate protein from their food sources, and

also do not receive essential amino acids from breast milk. This food group restriction

continues after the three month period: even though the baby’s diet is now considered

“expanded” to “rice with the husk on it”(Van Hollen 2003) and “groundnuts”, this diet still is

low in leafy greens and fruits, potentially conferring an early vitamin deficiency that is

critical to early childhood development.

Van Hollen suggests that these infant dietary restrictions might be in the minority

because they are so extreme, and also because mothers responded keenly to the fact that
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these postpartum medicines may increase the risk of diarrhea for the mother (Van Hollen

2003). Rather than reject these practices and admonish mothers outright, Maternal and

Child Health (MCH) workers in Tamil Nadu explain that medicines like lēkiyams and celavu

increase risk of diarrhea and therefore postpartum complications, especially after

cesareans, where stitches can be torn. This conclusion is partially backed up by more recent

studies:lēkiyams contain asafoetida, which is an oleo-gum-resin, and has been used in

traditional medicines in a multitude of cultures for a variety of disorders (Iranshahy,

Iranshahi 2011). While a 2015 toxicity study found that while not acutely toxic (Bagheri et

al. 2015) , asafoetida potentially increases the risk of digestive issues and diarrhea (Emami

et al. 2010), putting children and mothers at risk of nutrient malabsorption.

It is unclear whether or not mothers receiving this information about their

traditional healing practices respond to the physiological risk factors implied by diarrhea,

or whether their compliance in ceasing such medicines is tied more to conceptualizations

of pollution and purity. Van Hollen notes that the presentation of such facts by MCH

workers is tied to medical positivism (Van Hollen 2003): that is, that empirically-based

evidence is the only valid data by which to draw scientific conclusions (White, Willis 2002).

In this case, it is possible that MCH presentation of diarrhea risks just happens to line up

with cultural fears and concerns about diarrhea, and therefore this advice is easily

accepted. However, other dietary recommendations might not so easily mirror traditional

beliefs, and the presentation of facts as being absolutely tenable might backfire, since this

doesn’t allow mothers to synthesize advice with their own knowledge and beliefs.
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In contrast to assertive methods, health workers and systems might consider

incorporating beneficial traditional health methods in addition to imparting allopathic

information and decrying harmful homeopathic practices. For example, massaging infants

with coconut oil is widely practiced in India, and has the potential to reduce transepidermal

water loss (Nangia et al. 2015), encourage weight gain through vagus nerve stimulation

(Diego et al. 2007), conserve heat (Arora et al. 2005), and is related to favorable infant

length increases (Chaturvedi et al. 2015). By incorporating these beneficial traditional

practices along with helping mothers unlearn harmful ones, health workers and nurses can

provide less accusatory guidance and increase the chance that mothers will actually

continue to follow advice after going home.

In any case, the risk of diarrhea as a reason to avoid postpartum medicines may have

a beneficial effect on child stunting outcomes, however indirect. A 2008 study of children

from Bangladesh, Peru, Guinea Bissau, Brazil, and Ghana suggested that increased

incidences of childhood diarrhea before 24 months of age correlated with a greater

stunting frequency and that this adverse effect in early childhood was not reversed by

“catch-up growth” (Checkley et al. 2008) which, as previously discussed, refers to the

“height velocity above the limits of normal for age for at least 1 year after a transient period

of growth inhibition” (Wit,Boersma 2002). The same risks of diarrhea in mothers when

consuming certain traditional postpartum medicines are also present in babies: decreasing

their consumption, based on any framework, decreases stunting risk.
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Chapter IV. National Nutrition Programs

A. Overview

Since the mid-1900s, India has rolled out several national programs aimed at

addressing hunger and malnutrition by providing aid to citizens. This chapter focuses on a

few of the largest programs still in existence, examining their successes, challenges, and

ultimate impact on malnutrition and stunting outcomes.

B. Integrated Child Development Scheme

The Integrated Child Development Scheme (ICDS), started in 1975, is the most

far-reaching national nutrition program in India (Lokshin et al. 2005). This program

focuses on improving childhood development in India through health, nutrition, and

education support for children aged 0-6 and pregnant and lactating mothers (Sachdev and

Dasgupta 2001), primarily focusing on rural “blocks.” In this way, ICDS noted the

importance of improving maternal health outcomes in addition to directly feeding children

in order to break the cycle of malnourished and weak mothers giving birth to stunted and

underdeveloped children. In addition, by incorporating health and education into the

services provided, ICDS addresses the fact that simply providing food to communities is

often not a panacea for malnutrition and stunting (Radhakrishna, Ravi 2004).

Some of the services that ICDS has expanded to provide include complementary

nutrition, through which mothers can supplement breastfeeding with more nutrient-rich

solid foods, vitamin and mineral supplements, immunizations, and preventative care visits,
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information and health education, and other “supportive services” like directing access to

clean drinking water and helping to improve sanitation (Sachdev and Dasgupta 2001).

In terms of ICDS’s success in reducing prevalence of stunting outcomes and

malnutrition, early reviews were not promising. A 2005 review found that ICDS did not

have a significant effect on improving nutritional outcomes overall, except for a small

improvement in male children’s nutrition (Lokshin et al. 2005). Extrapolating gender

discrimination effects from Chapter III, it can be speculated that health education and food

resources that mothers receive are asymmetrically distributed amongst female and male

children, leading to the slightly more positive relationship between receipt of ICDS services

and male child nutritional outcomes. However, the difference across the population in

general was still not very significant, suggesting that the program itself was not particularly

effective.

Recent changes to funding and implementation strategies of ICDS, however, have

seen more success. In 2007, a World Bank review recommended that ICDS expand and

improve their services, and implement a $9.5 billion budget (World Bank 2007). A 2011

review subsequently found that after the new budget implementation and program

redesign, ICDS helped to increase child height-for-age scores overall by about 6%, but still

had improvements to be made, especially in areas with low average education (Kandpal

2011). As such, national programs like ICDS have potential to make broad strokes in the

fight against stunting.

As with many of India’s national programs, the size of the country’s large and

diverse population means that ICDS interventions rely on a multi-level structure, with
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programs moving from the national level to the state governments, with ultimate

implementation of services at regional health centers. These mandates and standards

ultimately trickle down to individual health workers at the local level, particularly for the

more rural areas of India where large hospitals or clinics are not easily accessible (Ruia et

al. 2018).

For ICDS, the critical local health worker is known as the “anganwadi” (Sachdev and

Dasgupta 2001). Anganwadi workers are women with at least a high school education, who

receive a 3-month training that equips them to provide the aforementioned services to

their communities (Sachdev and Dasgupta 2001).

On one hand, hiring women who are native to their communities to deliver health

services has the benefit of allowing mothers and children to interface with someone who is

familiar with their cultural and local contexts, and is more equipped to communicate in a

way that is relevant and sensitive. For example, a 2017 review of anganwadi workers in

Odisha found that the majority of them had knowledge of homeopathic medicines used in

their communities, but did not know how to reconcile their use with the allopathic methods

recommended by their national training (Sahoo et al. 2017). Clearly there is a great deal of

opportunity for anganwadi workers to serve as mediators between national health

standards and women in their community, as well as to find ways to reverse deleterious

health traditions that are common in their regions.

However, the anganwadi system places an enormous professional burden on

workers, who are often expected to cover a large number of households. In addition to

collaborating with regional health departments and staying up-to-date on health services
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and guidelines, they are often personally responsible for delivery of immunizations,

distributing vitamin and mineral supplements, making house calls for pregnant and

lactating women, and providing communication health education (Lokshin et al. 2005).

Early 2000s reviews noted that anganwadi workers were “inadequately trained,

supervised, and supported” (Lokshin et al. 2005), which is not necessarily surprising given

the briefness of their training.

A 2017 study interviewing 40 anganwadi workers found that most workers reported

that they were not receiving sufficient financial compensation, and suffered from mental

strain due to poor professional infrastructure and overwork (Michael 2017). Only about

13% of anganwadi workers interviewed proved to have a high knowledge score about

malnutrition (Michael 2017), which suggests that the daily burdens they face limits their

ability to retain and convey critical health information, both in terms of bandwidth and also

diligence.

Another 2017 study interviewing anganwadi workers from the Dahod district of the

state of Gujarat found that the average annual income for workers ranged between

₹25,000- to ₹50,000, which is around the median national income for India (Patel et al.

2017). This is less than half the minimum annual salary for entry-level government

employees (Shukla 2019), which brings up another point of contention: anganwadi workers

are not considered civil servants. This means that not only do they not receive minimum

compensation, but they also don’t receive the same protections and benefits as government

workers. This causes heightened discontent for anganwadi workers, leading to strikes

(Anganwadi Staffers 2017) and making them less likely to work diligently.
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A 2019 mixed method study of anganwadi workers in Uttar Pradesh, a state with a

“very high” stunting prevalence designation (Menon et al. 2018), also found lack of

additional infrastructural support: the majority of workers had no means of transportation,

and clinics were small, cramped and lacked sterilization supplies (Mishra et al. 2019).

In addition, a 2016 review suggests that the way that anganwadi workers distribute

their time and effort is suboptimal. Figure 22 shows that only about 54% of daily time is

spent on specified health activities, with a larger percentage of that time (31%) going

towards note-taking and record-keeping (Kaur et al. 2016). While detailed notes are

important in measuring progress, it seems that the sheer number of children and mothers

that each anganwadi worker is responsible for results in a large chunk of their day being

eaten up by paperwork.

As a result of this, crucial health interventions are performed perfunctorily: while

the recommended time spent on home visits is 60 minutes, anganwadi workers reported

spending about 7 minutes per day(Kaur et al. 2016), which allows much less time to convey

health information, learn about health needs, and build trust and relationships with

families. For example, anganwadi workers reported that some of the challenges in

performing thorough home visits included women being working outside the home all day

and being difficult to contact, as well as being hostile when they were contacted. These

challenges require attention and time  to address. Trying to work around women’s work

schedules requires building a relationship between the anganwadi worker and the mother

and a genuine desire on the worker’s part to connect with the mother instead of just

accepting that the mother is busy.
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Fig. 22. (Kaur et al. 2016)

If the anganwadi worker is spending a large part of her day doing administrative

tasks, she is unable to  maximize her potential to become a closely-involved member of the

community and slowly integrate ICDS services into the community culture.  Reports also

suggest anganwadis need more support and training in “soft skills”, especially in terms of

counselling their constituents (Paul et a. 2018). This extra skill-building is critical in order

to capitalize on the unique advantage anganwadis have in connecting with mothers and

families as a member of the community.

The demanding role that anganwadi workers play in their community takes a toll on

their psychological health. A study of grassroots health workers including anganwadi

workers found that more than half of them experienced severe levels of stress, many of

which were financially-caused (Mannapur et al. 2019). While the study suggested
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stress-relieving activities such as yoga, meditation, and exercise and therapy to improve

workers’ mental health (Mannapur et al. 2019), alleviating their professional challenges

would also go a long way to reducing stress. Better funded centers, increased salaries, and

more workers per center would spread out the workload, allowing workers more peace of

mind and fewer things to focus on, ultimately improving quality of care for their

constituents and having a trickle-down effect on reducing stunting.

The large burden placed on anganwadis coupled with their short training means

that not every household is benefiting from their local health center. Analysis of the 2015

NFHS survey found that in most areas, less than half eligible Indian households received or

utilized core ICDS interventions, as seen in Table. 2. This underutilization contributes to the

small progress made in improving stunting outcomes via ICDS interventions.

Table 2. ( Avula et al. 2018)

Benefit Proportion of Population Receiving Benefit

Food supplementation during pregnancy 52% of women

Health and nutrition education during pregnancy 38.7% of women

Food supplementation during lactation 47.2% of women

Health and nutrition education during lactation 34.6% of women

Child food supplementation 55.1% of child aged 6-35 months

46.8% of children aged 36-59 months

Weighing of children 43.5% of children <5 years
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Counselling on child growth 27.9% of women with children <5 years

Early childhood education 40.7% of children <5 years

The anganwadi centers themselves also have room for improvement. For example,

many are set up in rented buildings or on high floors, which are less accessible to pregnant

mothers (Kaur et a. 2016). In addition, a 2018 review of 1,004 centers in Surat, a district in

the state of Gujarat, found that 60% had toilet facilities, 65% had a water supply, and 55%

had electricity (Vakilna 2018).  While the study actually designates this as “good”

infrastructure, there is still a lot of room for improvement, especially in regards to

sanitation. If anganwadi workers are teaching mothers about hygiene practices and how to

reduce infectious diseases as a way to promote child growth, it is important that the centers

serve as an example for these best practices. Finally, irregular supply of drugs and food,

which is often of poor quality, also decreases mothers’ trust in the centers and leads to low

utilization of services (Dandotiya et al. 2018).

In addition to problems on the providers’ end, ICDS also fails to meet gaps in

knowledge for beneficiaries, many of whom are unaware of services and support available

to them. This knowledge gap is particularly pronounced for adolescent mothers. A 2019

review of ICDS services in Rishikesh, a city in the state of Uttarakhand, found that over 80%

of adolescent mothers didn’t know about ICDS’s anemia reversal support (Khapre et al.

2019), despite the fact that anemia is a large problem contributing to stunting rates for

mothers in general and especially for young mothers. Here, we see a kind of stalemate:

mothers are unaware of ICDS services and therefore require more effort on workers’ part to
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have access to the services, but the workers themselves are overworked and

under-resourced and cannot focus on expanding their outreach.

In contrast to poorly served areas, in regions where anganwadi workers have

high-levels of training and understanding of health and nutrition, this knowledge trickles

down to the mothers. A 2017 review of 180 anganwadi centers in Jaipur, a district in

Rajasthan, found that 73.64% of anganwadi workers had a high level of knowledge for

breastfeeding, 71.29% for complementary feeding, and 71.33% for diarrhea management

(Choudhary, Sharma 2017). These corresponded with levels of knowledge for beneficiary

mothers: 80.55% of pregnant or lactating women had high knowledge levels for health,

76.66% for nutrition, and 76.66% for hygiene (Choudhary and Sharma 2017). Furthermore,

79.86% of adolescent mothers had high knowledge for health, 75% for nutrition, and

74.44% for hygiene (Choudhary and Sharma 2017), almost deleting the deleterious

knowledge gaps in adolescent mothers entirely.

Interestingly, these anganwadi workers also reported similar challenges as the ones

in the 2017 study: they received low wages and had to manage large workloads with poor

infrastructure (Choudhary and Sharma 2017). So what is the reason that these anganwadi

workers are more successful at retaining and communicating health information?

One reason might be the quality of the anganwadi center itself, as opposed to the

workers themselves. A 2016 policy roll-out in Rajasthan renamed the anganwadi centers as

playschools, and focused on increasing engagement by making the centers more

child-friendly with stationary kits and workbooks for children (Rajasthan to Launch 2017).

This roll-out more than doubled enrollment of children in these centers, and likely
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contributed to mothers’ trust in anganwadi workers to provide valuable information,

thereby providing a path for mothers to successfully learn health and nutrition information

to better care for their children. Notably, Rajasthan is a fairly high-stunting risk state: the

majority of its districts are at “high”(30-40%) or “very high”(>=40%) stunting prevalence

(Menon et al. 2018). Based on 2016 data, Jaipur is labeled as “high-prevalence”, but future

reviews might see a dip in stunting prevalence as these playschools become more

successful.

Another similar success story comes from a small anganwadi center in Guntur, a

district in Andhra Pradesh that is currently a medium stunting prevalence (20-30%)

district (Menon et al. 2018). This anganwadi center serves 100% of the children in its

jurisdiction, and is designed as a safe haven for children, with educational posters,

colorfully-painted walls, and designated play areas (New Approach 2018).

An anganwadi work noted that, “The services here are the same as other centers.

But the new look has made a world of difference. Children like to play here, and even

mothers want to send their kids to this center as they are assured of proper care” (New

Approach 2018).

A mother of a nine-month-old daughter also observed that the friendlier facilities

encouraged her to take advantage of the center’s nutritional benefits: “Being a lactating

mother, I am given lunch with rice, dal with green vegetables, milk, and egg daily. For the

baby, they provide Balamrutham powdered gruel made out of wheat flour” (New Approach

2018).
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This suggests that some of the infrastructural and financial hurdles faced by

anganwadi centers can be mitigated by focusing on creating a sense of community and

making the centers a hub of child development and nurturing. This isn’t to say that painting

the walls is sufficient: improving the atmosphere of the centers will raise mothers’ trust in

the benefits being provided, but it also means that the inflow of children and mothers will

increase. Without corresponding improvements in funding and number of workers, the

centers will quickly buckle under the burden, once again decreasing trust and reliance from

the mothers. However, as these infrastructural changes are likely more complex and

time-dependent, lasering in on community relations could be an influential short-term

solution in ensuring that mothers and children take advantage of ICDS benefits.

The aforementioned infrastructural and hiring improvements are dependent on

funding, but many anganwadi centers face financial hurdles. In many cases, allocation of

funding is not proportional to needs. For example, Lokshin et al. 2005 found that while the

Northern states in India have the worst stunting and development and education rates, they

received the least per capita funding from their states. Early 2000s reviews also found that

states like Bihar and Uttar Pradesh, which have some of the highest stunting prevalence in

the country, didn’t even use up the funding that they did receive, spending only 76% and

65% of their allocations respectively (Lokshin 2005). While more recent reviews haven’t

considered whether these states are now more efficiently spending their funding, or at least

maxing out on the amounts, stunting rates in these areas remain high, suggesting that fund

management is still an issue.

Ekanayake 99



Closer inspection of funding mismanagement reveals high rates of corruption,

especially on the local level. A 2017 review of ICDS service implementation in Uttar Pradesh

found “overwhelming implementation failures”, including centers being closed most of the

time, leakage of supplementary nutrition (including supplies being sold as cattle feed for

profit), and poor oversight from officials at the capital (Chanchani 2017). The review also

found that panchayats, or local self-governments, were too weak to address unmet

community resource demands or improve ICDS functioning (Chanchani 2017).

In contrast, the review found that ICDS implementation in Chhattisgarh was much

more successful due to decentralization and subsequent community participation

(Chanchani 2017). For example, local women’s groups were commissioned to make and

distribute nutrition supplementation, creating an economic opportunity for women and

hiring workers who inherently have a vested interest in child nutrition. This comparative

example provides implications for how involving community members in distribution

practices may help reduce supply leakage and ultimately boost nutritional support for

high-risk communities.

C. Mid-Day Meals Scheme

In addition to the ICDS, the Mid-Day Meals Scheme (MDMS), which was instituted in

1995, serves as a parallel food distribution initiative aimed at reducing childhood stunting

through “address[ing] classroom hunger for school-going children between the age of 6-14”

(Pingali et al. 2017). While stunting is primarily recognized and addressed between the
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ages of 0 and 5, MDMS serves as an important follow-up initiative to ensure that children

continue receiving adequate nutrition through adolescence.

While early implementation of MDMS promoted staple-grain distribution without

diet diversity, more recent reviews of the initiative suggest that it plays an important role in

safeguarding children from food insecurity which contributes to stunting persistence, even

after 5 years of age. For example, a 2010 review found that MDMS helps to increase daily

nutrient intake by 49-100%, reducing protein deficiency by 100% and caloric deficiency by

nearly 30% (Afridi 2010). A 2008 paper also found that MDMS helped improve stunting

outcomes particularly for children in drought conditions, with a significant height-for-age

z-score increase of 0.264 (Singh 2008). These results were echoed in a 2014 review of

children in Andhra Pradesh, which found that MDMS implementation corresponded with a

0.27 SD increase in height-for-age (Singh et al. 2014). Although not statistically significant,

MDMS was determined as acting as a nutritional safety net for children during droughts

(Singh et al. 2014).

MDMS also has a potential to reverse effects of early childhood stunting: a 4-year

study of children in Karnataka found that height-for-age increased significantly two years

after the implementation of MDMS, and also helped reduce underweightedness and

malnutrition (Minj et al. 2014). Another Karnataka study found that the use of millets in

MDMS meals significantly decreased stunting and increased body mass index, and also had

“high acceptability rates' ' amongst children in terms of taste (Anitha et al.2019) . This

demonstrates the potential that MDMS has to move away from just being a “staple grain

safety net” (Pingali et al. 2017) and introduce protein-rich staples other than rice.
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The equitable distribution of foods to boys and girls through MDMS also serves as a

point of change in traditions of depriving girls of food in order to support male children. In

addition to optics and slowing influencing local culture to embrace equity, a 2019 review

showed that girls have a slightly higher probability of receiving MDMS meals than boys

(Sinha 2019), suggesting that this is making up for household gender discrimination as

discussed in Chapter III.

In addition, approximately the same proportion of scheduled caste children and

non-scheduled caste children receive MDMS support (Khera 2006), addressing

poverty-related malnutrition.

Finally, a longitudinal data review of children in Andhra Pradesh suggested that

nutritional interventions in middle childhood can “perhaps mitigate consequences of early

age stunting” (Himaz 2009). Furthermore, children who had improved height outcomes and

moved out of the stunting designation ended up having more protein-rich diets than other

children (Himaz 2009).  Thus, while not targeting children in the critical development

period, school meals seem to have a lot of potential to reverse malnutrition and childhood

stunting and set children up for more nutritiously balanced diets for the long-term, also

mitigating future obesity rates due to “catch-up” growth.

However, this isn’t to say that MDMS doesn’t have its challenges. There are many

regional variations in quality of MDMS implementation. A 2005 review found that schools

in Madhya Pradesh were serving smaller portions than recommended (Afridi 2005). They

also provided more servings of sweetened bulgur because it was more popular with

children, causing children to fill up on less nutritious foods and increasing the risk of
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obesity (Afridi 2005). In contrast, schools in Chhattisgarh, Rajasthan, and Karnataka served

adequate portions (Dreze and Goyal 2003).

Another area of improvement is the infrastructure supporting MDMS. Schools with

no kitchen or access to drinking had fewer positive outcomes with MDMS, likely due to low

capacity to make meals (Sinha 2019). This also means that the schools have fewer utensils

and ability to maintain proper sanitation standards as they prepare foods in the open

(Dreze and Goyal 2003).

Rural and urban differences also influence the effectiveness of MDMS. While 85% of

rural districts are covered by the initiative, only a little over half of urban districts are

availing the service (Dreze and Goyal 2003).  While rural districts do bear larger stunting

and malnutrition burdens than urban districts, urban districts still have very high rates of

stunting prevalence, and changes need to be made in order to increase MDMS impact in

urban areas.

While certain schools like the ones Karnataka millet study are working to diversify

diets through MDMS, reviews of the nutritional quality of the meals served suggest that

more fat, leafy green vegetables, and vitamin C-rich fruits need to be incorporated into the

meals served in order to combat micronutrient deficiencies (Mehta et al. 2013).  This is

especially critical in urban areas where children may be considered to be receiving enough

food simply because they’re meeting their caloric needs or are obese, but still are

malnourished and have high stunting prevalence.

Finally, other challenges include improper distribution of bills and lack of training

for administrators of the program (Pingali et al. 2017). MDMS iterations in the future must
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work to alleviate these challenges in order to expand success in supplementing child

nutrition past early childhood and reducing stunting outcomes.

D. Public Distribution Scheme

The Public Distribution Scheme(PDS) is another major national program that seeks

to support positive nutritional outcomes, and, among other goals, address stunting rates.

While ICDS and MDMS focused mainly on nutrition for children and mothers, PDS operates

on more of a large-staple basis, providing rice, wheat, sugar, and kerosene through Fair

Price Shops located across the country (Pingali et al. 2017). The staple grains in particular

are obtained by the Food Corporation of India from high-producing states and disseminated

throughout the country.

The initial structure of the PDS, which was instituted in the mid-1940s to combat

food insecurity and support grain farmers,  was considered a failure (George and McKay

2019). A review of the program during the 1980s found that an average of 35% of the

grains were being illegally diverted and sold for profit (Jha et al. 2010), and high quality

goods being swapped for lower quality items (George and McKay 2019). In addition, a lack

of streamlining and regulation led to almost a third of funds being wasted on inefficient

distribution methods (Jha et a. 2010).

The PDS has experienced several iterations since its origin, however, aiming  to

better serve more of  India’s population. For example, 1997’s Targeted Public Distribution

Scheme(TPDS) worked to identify low-income families specifically to receive foodgrains

(Targeted Public 2020). In addition, in 2013 the National Food Security Act (NFSA) was
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passed to be implemented through the PDS (George and McKay 2019). NFSA combines the

targeting of specific demographics found in TPDS with the “universal” nature of Mid-Day

Meals and ICDS services, which are provided to citizens in general (Chakraborty and

Sarmah 2013). Specifically, the NFSA dictates that 75% of rural and 50% of urban

populations receive 5 kg of food grains a month, including rice, wheat, and millet, at

subsidized prices (Pingali et al. 2017).  It also incorporates a “life cycle” approach where

nutritional needs across age groups are considered (Chakraborty and Sarmah 2013).

In addition to its two-pronged targeted-universal approach, the NFSA also seeks to

increase transparency and decrease corruption. One strategy is to empower women in

household decision-making by considering the eldest woman as the head of the family

when distributing rations, and prioritizing women’s groups when issuing Fair Price Shop

licenses (Tanksale and Jha 2015).

While NFSA has potential to amplify PDS efforts to supply foodgrains to households

in need, it still faces challenges. Six years after its implementation, the program still

struggles to identify households in need (its “targeting” goal)(George and McKay 2019),

and deals with households illegally having extra copies of food cards. In addition, similar to

aftereffects of Green Revolution, the program’s focus on large-scale staple-grain production

exacerbates the threat of excessive land and water use and other detrimental

environmental impacts (Sengupta and Mukhopadhyay 2016).

In terms of impacting malnutrition and stunting outcomes, it is uncertain whether

PDS plays a useful role.  For example, a 2015 analysis found a negligible effect of PDS

interventions and overall calorie intake (Kaushal et al. 2015). In addition, a 2011 fieldwork
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study in Rajasthan found that the initiative shifted consumption away from coarser, more

nutrient-rich pulses in favor of the cereals provided by the PDS(Khera 2011), which

worsens micronutrient deficiencies and by proxy, stunting outcomes.

On the other hand, a review of data from 2002-2008 found that PDS food subsidies

had the same effect as income increases on households, helping to increase diet diversity

(Kaul 2014). Similar effects were found between 2009 and 2010, but predicted further

increases were only likely if infrastructural and corruption improvements were made

(Kishore et al. 2015).

A 2014 review of PDS in Chhattisgarh found that nutritional improvements were

most likely in households who were most eligible for aid, i.e. the targeted households

(Krishnamurthy et al. 2014). Similarly, a 2016 review of Odisha, an eastern state with high

hunger prevalence, found a decreased proportion of households consuming insufficient

levels of calories, fats, and proteins after implementation of the PDS (Rahman 2016). This is

encouraging for the success of the program’s targeting venture, but still leaves room for

improvement for the remainder of households who still face malnutrition, but to slightly

lesser degrees. Clearly, PDS has a complex effect on nutrition and thereby stunting

outcomes in India, and requires more careful analysis in order to identify and correct for

these outcomes, which will be discussed more in the following chapter.

Finally, studies debate whether the PDS should be replaced entirely with a cash

transfer program, essentially giving families money instead of goods. A 2014 randomized

intervention evaluated the impact of replacing PDS with in-kind cash transfers on food

security, and found that food security wasn’t threatened, and in some cases, the cash
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scheme allowed households to shift to more nutrition-dense foods (Gangopadhyay 2015).

On the other hand, a 2014 survey of nine states found that vulnerable peoples, mainly those

living in poorer conditions, were concerned that they might be swindled by corrupt

government officials in the incidence of a cash-transfer scheme, and felt more secure

receiving food rations (Kheera 2014). In contrast, those who were used to receiving

government funds, such as a pension, felt no qualms about switching to a cash-transfer

program (Kheera 2014). This suggests that the success of cash-transfer schemes to improve

dietary diversity instead of food rations is contextually based, and, if implemented, must be

based on regional climate.
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Chapter V. Recommendations

A. Overview

This chapter will focus on evaluating approaches and making recommendations to

reduce childhood stunting prevalence, considering the aforementioned influencing factors.

B. Increasing Access to Nutrient-Rich Foods

One large area of reform is increasing access to nutrient-rich foods, which includes

both agricultural policy changes and improvements to public distribution of foodstuffs.

As discussed in Chapter II, Green Revolution policies contributed to an agricultural

system that is heavily dependent on staple grains (Pingali et al. 2017), which are low in

nutrients and make up a large portion of the average Indian diet (Webb and Eiselen 2009).

In addition, ramped up production in specific states poses adverse environmental effects

(Pingali et al. 2017).

Thus, focus should turn towards increasing the diversity of crops produced,

particularly production of nutrient-rich leafy greens and other vegetables, fruits, and

protein-rich grains. In order to encourage small farmers to diversify their crops,

investments should go towards decreasing start-up and overhead costs of new agricultural

ventures, as well as towards regulatory and safety measures to ensure the quality of

produce and increase consumer trust in the foods.

Investment should also be funneled towards agricultural technologies that support

nutrient-rich crops, especially as the planet contends with repercussions of climate change

and production is threatened by droughts, floods and an otherwise uncertain agricultural
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landscape. Advancement in biofortified crops, such as iron and zinc-fortified millet, can also

help improve the quality of crops produced (Pingali et. al 2017). The burdens on investing

in new technology and subsidizing farmers switching to non-staple crops can be partially

mitigated by diversifying growing regions: moving production away from oversaturated

regions like Punjab and Haryana to regions with higher rainfall and less depleted soil will

decrease costs.

Government subsidization of non-staple foods will help stabilize prices on the

consumer end, allowing households to increase the amount of nutrients in their diet,

ultimately fighting malnutrition and stunting.

As mentioned in Chapter II, an important consideration with all these agricultural

renovations is the effects on women. On one hand, increasing agricultural outputs of

non-staple grains opens up employment and business opportunities for women, which

increases household purchasing power, allowing increased consumption of nutrient-rich

foods and therefore combating malnutrition and stunting. Fiscal power also increases

agency for women, who can then make more informed and assertive decisions regarding

their and their children’s nutrition.

On the other hand, this kind of development places an added burden on women,

especially poor rural women, who are often the primary caregivers of children. While

expanding opportunities, it is critical that childcare isn’t neglected, and that mothers’ health

isn’t compromised, both of which could diminish stunting improvements from a diversified

diet. However, childcare itself provides another opportunity for women to increase fiscal

power. As demand for childcare providers increases, locally-based NGOs and women’s
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groups can collaborate to support the female monetization of childcare and alleviate the

burden of working mothers, both in rural and urban areas. Local and state policies which

increase women’s wages and work to improve transportation and childcare

accommodations can also alleviate this burden.

Improvements to the Mid-Day Meals Scheme and Public Distribution Schemes are

also connected to agricultural focus on diversified crops. Increased production of

nutrient-rich foodstuffs carries over to school lunches and bulk grains given  to families,

tackling reliance on staple grains and helping to enrich diets. This will also help build

nutritional habits in children that will carry over into their adult lives, potentially helping to

protect against the other nutritional extreme: obesity. It is worth noting, however, that

nutrition-sensitive agricultural changes, while important, are only a small part of the

equation, and alone aren’t sufficient to significantly impact nutritional outcomes (Ruel et al.

2018).

C.  Income Security

Increasing income through expanded agricultural opportunities, especially for

women, will help to lessen the income gap present in stunting outcomes, as households will

have increased purchasing power.

However, income changes are often incremental and require several generations to

build up wealth. Therefore, the government has a role to play in supporting income security

through subsidization of health and catastrophe insurance. In doing so, households have a

safety net in place as their own earning potential grows, protecting the poorest households
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from emergency situations that could place them in debt and prevent them from continuing

to diversify their diets and reverse stunting risks.

D. Mitigating Deleterious Culturally-Rooted Traditions

As discussed in Chapter III, deeply-rooted cultural traditions contribute to

asymmetric stunting outcomes, specifically for female and younger children.  Specifically,

female children disproportionately experience higher stunting outcomes due to patriarchal

valuing of sons. Younger mothers also are more likely to have stunted children due to their

youth-related disenfranchisement, whereupon their mothers-in-law or husbands make

most of the nutrition and care decisions in the household.

Birth order and birth interval may also play a role, with eldest son preference

potentially placing a growth disadvantage on younger and female children, increasing

stunting risks for non-eldest son children. While the exact effects of birth order stunting

risk are still debated, there is still a great deal of evidence to suggest that any child who isn’t

the eldest son has an increased risk of receiving less food and care (Jayachandran, Pande

2017, Shajada 2014) placing them at higher risk for stunting.

Cultural traditions surrounding nutrition restrictions for mothers and babies, along

with mothers generally sacrificing their own food allocations to give their families extra

rations, increase stunting risks. Finally, short birth intervals may decrease resources

available for multiple children who are in the critical development window during the same

period, especially for daughters, and also takes a toll on maternal health.

One of the most effective ways to decrease gender and birth order discrimination is

to promote maternal health education, especially in terms of nutrition. Empowering
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mothers with knowledge about how important a diversified diet is can help build trust

between mothers and community health workers, allowing for more room for unlearning

discriminatory practices. Education, especially higher education, also increases use of

contraception and use of family planning, alleviating the burden of too many pregnancies

which itself contributes to malnutrition and stunting even in the absence of discrimination,

simply due to resource division.

Education also has potential for increasing maternal employment opportunities.

Literacy programs and skill-building initiatives create pathways through which mothers,

especially young mothers, can gain not only an income but a sense of empowerment and

agency, making them more likely to assert their opinions in regards to childcare. Educating

mothers can also have a trickle-down effect to their own daughters, reducing the incidences

of child marriages, adolescent pregnancies, and the stunting risks that accompany them. In

addition, increased access to education can help increase healthcare access, untangling

some of the endogeneity between adolescent pregnancy, low literacy, and poor stunting

outcomes that causes varying trends between states.

Furthermore, having more women in working roles also elevates their importance in

society at large, normalizing a more powerful role for women and helping men to also

question patriarchal values that contribute to disproportionate stunting burdens.

In addition, targeted programs towards other household members such as fathers’

education of pregnancy and child nutrition can also help alleviate stunting risks and involve

other relatives in creating a healthy growth environment for children. Furthermore cash

incentives for investments in daughters’ development might not completely change the
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culture, but they can supplement initiatives aimed at teaching fathers to value daughters

and support maternal health. Integrated family planning for couples can also help decrease

the number of children born per family, reducing potential birth order and birth interval

effects on stunting.

Many NGOs are already engaged in increasing educational and employment

opportunities for women. However, state and local government support is required to

overcome bureaucratic hurdles in organization and licensing. Thus, local civil agendas that

prioritize female economic and family educational goals will help to decrease these

obstacles.

E. Targeted Nutrition Surveillance

A more vigilant nutrition surveillance program can fill the gap in nutrition

knowledge as mothers and fathers slowly change their practices. Such a program goes

beyond the intermittent growth monitoring by anganwadi workers, and requires a better

distribution of health labor amongst field workers than the currently overburdened ICDS

system. It might also be prudent to pilot such a surveillance program in one or two

high-need states, and document how the program is tailored to the districts’ specific needs,

instead of rolling out a standardized national program. This targeted nature aligns with the

pre-existing National Food Security Act’s focus on community-centric intervention, and can

potentially operate as a sub-initiative pilot.
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F. Restructuring and Funding of National Nutrition Programs

In addition to empowering households to make better nutrition decisions,

improvements can also be made to national nutrition programs that are already in place in

order to maximize their benefits.

The ICDS needs to do major restructuring of the anganwadi worker system to ensure

that higher levels of care are provided, and that children don’t fall through the cracks as a

result of an overburdened system.  For example, anganwadi workers need to be recognized

as vital government employees, and be compensated as such. Allocation of funds to hire

more workers will also help decrease workloads on individual workers, many of whom are

stretched far too thin.  This will help to alleviate stressors and motivate workers to focus

more on providing care instead of dealing with paperwork and providing bare-minimum

services.

Notably, in areas where Anganwadi health workers have been compensated for

performance, there has been greater short-term progress in addressing malnutrition

(Dubowitz et al., 2007; P. Singh, 2015). This kind of national support is critical before any

kind of curriculum refinement or additions, such as the maternal education previously

discussed, can be incorporated.

Prioritizing accountability between workers and local hospitals and organizational

staff will ensure that anganwadi workers receive more up-to-date training.  Increased

funding allocations towards infrastructural improvements, such as permanent anganwadi

centers with running water and electricity, will both increase care capacity and solidify the

centers as solid institutions in the community, increasing engagement with mothers and
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families by encouraging trust. Furthermore, while funding streams may sometimes run dry,

the centers can still be promoted as safe havens for children by incorporating more child

education sessions and making the atmosphere more welcoming. In this way, households

will become more receptive to suggestions and advice, increasing their power to reduce

stunting risk even without the guidance of the workers.

Fostering these kinds of close connections will also enable anganwadi workers to

become more intimately aware of and address specific and unique problems in the

community, which is something that a national curriculum can’t do. To this end, training in

counselling and interpersonal skills can also help encourage communication between

workers and constituents, allowing for more targeted advice and a personal investment on

the workers’ parts. In addition, modules on helping mothers unlearn deleterious medical

practices and showing the value of beneficial ones will allow anganwadi workers to work

more collaboratively with their constituents, instead of just dictating health standards.

Infrastructural improvements would also go a long way towards maximizing

effectiveness of the Mid-Day Meals Scheme, especially in terms of equipping schools with

proper kitchens to allow safe production and distribution of lunches: only 50% of schools

actually have the space and supplies needed to properly carry out the initiative (Singh

2019). This would also help more urban schools take advantage of the program.

Addressing corruption and supply leakage is also something that needs to be

addressed across all national programs. Top-down approaches can include using

digitization and technology to keep better records of distribution, and “having goods

scanned in and out at all points of the supply chain” (George and McKay 2019).
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Collaboration with community groups, who have a vested interest in maximizing support to

their area, will also help empower recipients to take charge of their aid. Employing

women’s groups to distribute rations, such as is practiced in Chhattisgarh, is an example of

decreasing corruption while creating economic opportunity. Other avenues include

organizing formalized gathering spaces where community members can speak up if they

have complaints and collaborate to work against wrongful diversion of services.

In addition, more consideration needs to be given to the efficacy of monitoring

committees, which are supposed to serve as an anti-corruption measure but whose

members tend to misuse their privileges. Analysis from field studies suggest that

vigilance-based approaches are less effective than a “rights-based” (Verma et al. 2018)

approach, where community members are more informed of what they are entitled to

through nutrition distribution programs. Such information can be made clear via health

workers. In addition, providing front-line health workers with an easier method to address

grievances and ensure that their needs are being met may make them less likely to accept

bribes from higher officials, and report leakage and diversion when they see it.

Targeting households in need also needs to be improved, as it is a critical component

of the success of the Public Distribution Scheme and the National Food Security Act. This

goal can be supported with the aforementioned improvements to anganwadi centers: better

funding of centers, interpersonal training and increased compensation of workers, and

general dilution of workload will give anganwadi workers more space to gather detailed

data on community needs.
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Connecting distribution schemes with fieldworker knowledge, perhaps at the state

level, will allow for supplies to be directed to households and districts that are at highest

risk for stunting and malnutrition. Targeting can also go as far to triage national allocation

of supplies and trained workers to the severest cases of malnutrition, replacing a universal

distribution system altogether (Desai and Vanneman 2015). The information gained from

targeted initiatives can inform whether cash-based programs might be more effective for

certain communities than providing food. This need-based design would also help alleviate

costs and ensure that supplies are more effectively utilized.

Furthermore, this decentralization of responsibility helps to overcome the

stagnation that exists in interdepartmental collaboration at the federal level, where

implementation of nutrition policies are slow to evolve due to administrators’ distance

from the issue (Mohmand 2012).

G. Public Sanitation

Public sanitation efforts, while already having been underway for many years, need

to continue to be iterated in order to maintain momentum.

Prime Minister Narendra Modi’s Swachh Bharat Mission has come to a close, with

millions of toilets constructed across the country. However, the existence of toilets doesn’t

automatically mean that people will use them. Open defecation remains a problem,

especially in slums, and contributes to infectious diseases and diarrhea that exacerbate

malnutrition and stunting outcomes.

In order to maintain the momentum of Swachh Bharat, funding must be allocated to

educate communities about the maintenance and use of the toilets, along with the
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importance of enclosed defecation to keep drinking water clean and reduce disease risk.

Such education requires its own focused task force , which can collaborate with state and

local governments to build relationships with underserved districts and incorporate

community members in the effort to change attitudes about open defecation.

H. Concluding Thoughts

Stunting is a multifaceted problem, and as such, requires a multifactorial solution. In

addition, any one initiative is unlikely to make a significant impact on nutrition and

stunting outcomes. For example, economic development helps to increase purchasing

power of individual households, but quick growth doesn’t always have automatic

immediate positive gains on malnutrition alleviation (Ruia et al. 2018). Shuttling funds into

a region isn’t going to make an impact unless it is accompanied with strategic allocation and

collaboration with local communities to overcome the cultural and behavioral factors that

affect stunting. However, funding increases are still important in order to implement

strategic changes: the mentioned national nutrition programs are estimated to constitute

less than 2% of the national GDP, which is relatively low “compared to other low and middle

income countries” (Pingali et al. 2017). Thus, many of the solutions addressed above are

dependent on and interactive with other approaches.

Ultimately, strides in malnutrition and stunting outcomes can be made by replacing

universal macro initiatives with micro-solutions, targeting in-need households and

communities to allow region-specific interventions. It is also important to note that it is

impossible to make significant changes in all areas at once. Rather, policy makers and NGOS
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should focus funds in one direction at a time, such as starting with bolstering ICDS

infrastructure in high-need states.

India’s uniquely diverse population means that stunting solutions cannot be blanket

initiatives that  attempt a one-size-fits-all approach. While the process won’t be rapid,

consistent, focused policies with regular evaluation and iteration will surpass any mass

national program roll-out.  Nearly all the aforementioned interventions—buttressing

nutrition distribution systems, increasing support to health field-workers, tailoring

education to tackle cultural barriers to proper childhood nutrition, increasing economic

and educational opportunities for women, equalizing child-raising —ultimately rely on

individual workers in small communities, breaking down stunting factors into bite-sized

action points which can add up to national change.
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Appendix

Tables:

Table 3. Factors Affecting Stunting in Low-Stunting, High Adolescent Pregnancy States:

Mixed Linear Regression Output

Variable Estimate SE

Telangana mother’s age -0.00487 0.01109

toilet facility 0.38320*** 0.08109

primary education
(maternal)

0.05400*** 0.13161

secondary education
(maternal)

0.23582*** 0.09615

higher education
(maternal)

0.76921*** 0.13274

access to antenatal
services

-0.03583 0.21983

improved water source 0.11229 0.07030

Andhra Pradesh mother’s age 0.018742 0.411004

toilet facility 0.391783*** 0.067833

primary education
(maternal)

0.080363*** 0.103446

secondary education
(maternal)

0.168757*** 0.082274

higher education
(maternal)

0.720005*** 0.119400

access to antenatal
services

0.269267 0.341603

improved water source 0.017546 0.065432

West Bengal mother’s age 0.027204*** 0.007663

toilet facility 0.065146** 0.060281

primary education
(maternal)

0.183358*** 0.080471
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secondary education
(maternal)

0.384941*** 0.071929

higher education
(maternal)

0.644838*** 0.125395

access to antenatal
services

0.119472 0.092693

improved water source 0.065146 0.053837

Assam mother’s age 0.016006** 0.005005

toilet facility 0.033700 0.059803

primary education
(maternal)

0.189188*** 0.069570

secondary education
(maternal)

0.453056*** 0.054771

higher education
(maternal)

0.812027*** 0.102561

access to antenatal
services

0.119472 0.092693

improved water source 0.065146 0.053837

*= significant at p=0.05

** = significant at p=0.01

***=significant at p=0.001

Table 4. Factors Affecting Stunting in High-Stunting, Low-Adolescent Pregnancy States:

Mixed Linear Regression Output

Variable Estimate SE

Uttar Pradesh mother’s age 0.009190** 0.002985

toilet facility 0.190366*** 0.023631

primary education
(maternal)

0.071996*** 0.028770

secondary education
(maternal)

0.299631*** 0.023109

higher education
(maternal)

0.749581*** 0.034025
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access to antenatal
services

0.112566*** 0.024365

improved water source 0.016397 0.027133

Madhya Pradesh mother’s age 0.008667* 0.004119

toilet facility 0.226745*** 0.031762

primary education
(maternal)

0.056914*** 0.039127

secondary education
(maternal)

0.191086*** 0.034153

higher education
(maternal)

0.500974*** 0.060750

access to antenatal
services

0.048339 0.033294

improved water source 0.038037 0.028109

Chhattisgarh mother’s age 0.000227 0.006124

toilet facility 0.149908** 0.047467

primary education
(maternal)

0.009939*** 0.061134

secondary education
(maternal)

0.209164*** 0.054515

higher education
(maternal)

0.516291*** 0.092069

access to antenatal
services

0.056172 0.101242

improved water source 0.033569 0.047710

*= significant at p=0.05

** = significant at p=0.01

***=significant at p=0.001
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PATERNAL KNOWLEDGE OF PREGNANCY COMPLICATIONS

Table 5. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=1, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 404 1039 1443

preg comp edu 626 1769 2395

Sum 1030 2808 3838

*Chi-square test not significant at p<0.05

Table 7. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=2, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 509 1037 1546

preg comp edu 695 1738 2433

Sum 1204 2775 3979

*Chi-square test significant at p<0.05

Table 9. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=3, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 385 631 1016

preg comp edu 453 831 1284

Sum 838 1462 2300

*Chi-square test not significant at p<0.05

Table 6. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=1, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 404 1039 1443

preg comp edu 626 1769 2395

Sum 1030 2808 3838

*Chi-square test not significant at p<0.05

Table 8. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=2, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 141 417 558

preg comp edu 233 801 1034

Sum 374 1218 1592

*Chi-square test not significant at p<0.05

Table 10. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=3, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 80 196 276

preg comp edu 112 297 409

Sum 192 493 685

*Chi-square test not significant at p<0.05
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Table 11. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=4, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 238 345 583

preg comp edu 236 379 615

Sum 474 724 1198

*Chi-square test not significant at p<0.05

Table 13. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=5, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 141 204 345

preg comp edu 120 154 274

Sum 261 358 619

*Chi-square test not significant at p<0.05

Table 12. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=4, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 44 102 146

preg comp edu 46 94 140

Sum 90 196 286

*Chi-square test not significant at p<0.05

Table 14. Stunting by Paternal Knowledge
of Pregnancy Complications (bord=5, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg comp edu 23 34 57

preg comp edu 20 40 60

Sum 43 74 117

*Chi-square test not significant at p<0.05

PATERNAL KNOWLEDGE OF PREGNANCY NUTRITION

Table 15. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=1, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 319 750 1069

preg nutri edu 711 2058 2769

Sum 1030 2808 3838

*Chi-square test significant at p<0.05

Table 16. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=1, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 89 318 407

preg nutri edu 294 1113 1407

Sum 383 1431 1814

*Chi-square test not significant at p<0.05
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Table 17. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=2, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 402 759 1161

preg nutri edu 802 2016 2818

Sum 1204 2775 3979

*Chi-square test significant at p<0.05

Table 19. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=3, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 325 499 824

preg nutri edu 513 963 1476

Sum 838 1462 2300

*Chi-square test significant at p<0.05

Table 21. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=4, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 201 303 504

preg nutri edu 273 421 694

Sum 474 724 1198

*Chi-square test not significant at p<0.05

Table 18. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=2, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 109 272 381

preg nutri edu 265 946 1211

Sum 374 1218 1592

*Chi-square test significant at p<0.05

Table 20. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=3, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 66 145 211

preg nutri edu 126 348 474

Sum 192 493 685

*Chi-square test not significant at p<0.05

Table 22. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=4, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 35 81 116

preg nutri edu 55 115 170

Sum 90 19 685

*Chi-square test not significant at p<0.05
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Table 23. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=5, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 136 168 304

preg nutri edu 125 190 315

Sum 261 358 619

*Chi-square test not significant at p<0.05

Table 24. Stunting by Paternal Knowledge
of Pregnancy Nutrition (bord=5, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No preg nutri edu 20 29 49

preg nutri edu 23 45 68

Sum 43 74 117

*Chi-square test not significant at p<0.05

PATERNAL KNOWLEDGE OF DELIVERY PROCEDURES

Table 25. Stunting by Paternal Knowledge
of Delivery Procedures (bord=1, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 71 145 216

Deliv edu 699 1973 2672

Sum 770 2118 2888

*Chi-square test significant at p<0.05

Table 27. Stunting by Paternal Knowledge
of Delivery Procedures (bord=2, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 91 158 249

Deliv edu 812 1954 27766

Sum 903 2112 3015

*Chi-square test significant at p<0.05

Table 26. Stunting by Paternal Knowledge
of Delivery Procedures (bord=1, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 15 30 35

Deliv edu 280 1046 1326

Sum 295 1076 1371

*Chi-square test not significant at p<0.05

Table 28. Stunting by Paternal Knowledge
of Delivery Procedures (bord=2, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 12 47 59

Deliv edu 247 876 1123

Sum 259 923 1182

*Chi-square test not significant at p<0.05
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Table 29. Stunting by Paternal Knowledge
of Delivery Procedures (bord=3, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 119 159 278

Deliv edu 528 943 1471

Sum 903 2112 3015

*Chi-square test significant at p<0.05

Table 31. Stunting by Paternal Knowledge
of Delivery Procedures (bord=4, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 73 109 182

Deliv edu 291 458 749

Sum 364 567 931

*Chi-square test not significant at p<0.05

Table 33. Stunting by Paternal Knowledge
of Delivery Procedures (bord=5, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 59 67 126

Deliv edu 126 207 333

Sum 185 274 459

*Chi-square test not significant at p<0.05

Table 30. Stunting by Paternal Knowledge
of Delivery Procedures (bord=3, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 21 24 45

Deliv edu 126 348 474

Sum 147 372 519

*Chi-square test significant at p<0.05

Table 32. Stunting by Paternal Knowledge
of Delivery Procedures (bord=4, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 12 18 30

Deliv edu 51 105 156

Sum 63 123 186

*Chi-square test not significant at p<0.05

Table 34. Stunting by Paternal Knowledge
of Delivery Procedures (bord=5, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No deliv edu 11 13 24

Deliv edu 18 46 64

Sum 29 59 88

*Chi-square test not significant at p<0.05
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PATERNAL KNOWLEDGE OF BREASTFEEDING

Table 35. Stunting by Paternal Knowledge
of Breastfeeding (bord=1, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 96 179 275

Breast edu 72 158 230

Sum 168 337 505

*Chi-square test not significant at p<0.05

Table 37. Stunting by Paternal Knowledge
of Breastfeeding (bord=2, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 132 227 359

Breast edu 120 242 362

Sum 252 469 721

*Chi-square test not significant at p<0.05

Table 39. Stunting by Paternal Knowledge
of Breastfeeding (bord=3, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 147 219 366

Breast edu 128 192 320

Sum 275 411 686

*Chi-square test not significant at p<0.05

Table 36. Stunting by Paternal Knowledge
of Breastfeeding (bord=1, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 22 47 69

Breast edu 14 38 52

Sum 36 85 121

*Chi-square test not significant at p<0.05

Table 38. Stunting by Paternal Knowledge
of Breastfeeding (bord=2, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 15 62 77

Breast edu 22 42 64

Sum 37 104 141

*Chi-square test not significant at p<0.05

Table 40. Stunting by Paternal Knowledge
of Breastfeeding (bord=3, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 26 30 56

Breast edu 21 38 59

Sum 47 68 115

*Chi-square test not significant at p<0.05
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Table 41. Stunting by Paternal Knowledge
of Breastfeeding (bord=4, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 96 149 245

Breast edu 86 112 198

Sum 182 261 443

*Chi-square test not significant at p<0.05

Table 43. Stunting by Paternal Knowledge
of Breastfeeding (bord=5, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 72 81 153

Breast edu 33 56 89

Sum 105 137 242

*Chi-square test not significant at p<0.05

Table 42. Stunting by Paternal Knowledge
of Breastfeeding (bord=4, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 13 24 37

Breast edu 14 14 28

Sum 27 38 65

*Chi-square test not significant at p<0.05

Table 44. Stunting by Paternal Knowledge
of Breastfeeding (bord=5, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No breast edu 12 14 26

Breast edu 6 14 20

Sum 18 28 46

*Chi-square test not significant at p<0.05

PATERNAL ANTENATAL INVOLVEMENT

Table 45. Stunting by Paternal Antenatal
Involvement (bord=1, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 140 379 519

Antenat 867 2542 3409

Sum 1007 2921 3928

*Chi-square test not significant at p<0.05

Table 46. Stunting by Paternal Antenatal
Involvement (bord=1, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 59 184 243

Antenat 361 1411 1772

Sum 420 1595 2015

*Chi-square test not significant at p<0.05
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Table 47. Stunting by Paternal Antenatal
Involvement (bord=2, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 233 480 713

Antenat 1029 2623 3652

Sum 1262 3101 4365

*Chi-square test significant at p<0.05

Table 49. Stunting by Paternal Antenatal
Involvement (bord=3, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 160 294 454

Antenat 659 1246 1905

Sum 819 1540 2359

*Chi-square test not significant at p<0.05

Table 51. Stunting by Paternal Antenatal
Involvement (bord=4, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 110 156 266

Antenat 339 536 875

Sum 449 692 1141

*Chi-square test not significant at p<0.05

Table 48. Stunting by Paternal Antenatal
Involvement (bord=2, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 64 167 231

Antenat 380 1351 1731

Sum 444 1518 1962

*Chi-square test not significant at p<0.05

Table 50. Stunting by Paternal Antenatal
Involvement (bord=3, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 44 73 117

Antenat 173 536 709

Sum 217 609 826

*Chi-square test significant at p<0.05

Table 52. Stunting by Paternal Antenatal
Involvement (bord=4, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 19 47 66

Antenat 77 168 245

Sum 96 215 311

*Chi-square test not significant at p<0.05
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Table 32. Stunting by Paternal Antenatal
Involvement (bord=5, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 71 80 151

Antenat 152 234 386

Sum 223 314 537

*Chi-square test not significant at p<0.05

Table 54. Stunting by Paternal Antenatal
Involvement (bord=5, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No antenat 10 20 30

Antenat 32 54 86

Sum 42 74 116

*Chi-square test not significant at p<0.05

PATERNAL CHILD HEALTH INVOLVEMENT

Table 55. Stunting by Paternal Child Health
Involvement (bord=1, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 853 2345 3198

Health involv 304 836 1140

Sum 1157 3181 4338

*Chi-square test not significant at p<0.05

Table 57. Stunting by Paternal Child Health
Involvement (bord=2, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 1194 2619 3813

Health involv 330 900 1230

Sum 1524 3519 5043

*Chi-square test significant at p<0.05

Table 56. Stunting by Paternal Child Health
Involvement (bord=1, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 327 1229 1556

Health involv 119 459 578

Sum 446 1688 2134

*Chi-square test not significant at p<0.05

Table 58. Stunting by Paternal Child Health
Involvement (bord=2, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 363 1192 1555

Health involv 122 427 549

Sum 485 1619 2104

*Chi-square test not significant at p<0.05
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Table 59. Stunting by Paternal Child Health
Involvement (bord=3, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 849 1459 2308

Health involv 208 423 631

Sum 1057 1882 2939

*Chi-square test not significant at p<0.05

Table 61. Stunting by Paternal Child Health
Involvement (bord=4, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 501 733 1234

Health involv 100 211 311

Sum 601 944 1545

*Chi-square test significant at p<0.05

Table 63. Stunting by Paternal Child Health
Involvement (bord=5, rural)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 279 394 673

Health involv 52 73 125

Sum 331 467 798

*Chi-square test not significant at p<0.05

Table 60. Stunting by Paternal Child Health
Involvement (bord=3, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 197 486 683

Health involv 63 179 242

Sum 260 665 925

*Chi-square test not significant at p<0.05

Table 62. Stunting by Paternal Child Health
Involvement (bord=4, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 96 206 302

Health involv 22 50 72

Sum 118 256 374

*Chi-square test not significant at p<0.05

Table 64. Stunting by Paternal Child Health
Involvement (bord=5, urban)

Preg Comp Edu Stunted
Not
Stunted Sum

0 1 Sum

No health involv 45 74 119

Health involv 12 22 34

Sum 57 96 153

*Chi-square test not significant at p<0.05
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Regression Plots:

Plot 1. Factors Affecting Child HFA in Telangana: Mixed Linear Model

Plot 2.Factors Affecting Child HFA in Andhra Pradesh: Mixed Linear Model
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Plot 3. Factors Affecting Child HFA in West Bengal: Mixed Linear Model

Plot 4. Factors Affecting Child HFA in Assam: Mixed Linear Model
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Plot 5.Factors Affecting Child HFA in Uttar Pradesh: Mixed Linear Model

Plot 6. Factors Affecting Child HFA in Madhya Pradesh: Mixed Linear Model
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Plot 7. Factors Affecting Child HFA in Chhattisgarh: Mixed Linear Model
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