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ABSTRACT 

 
Despite consistent economic growth in India, levels of child malnutrition remain 

high. Two competing explanations for this phenomenon within the literature are that 

economic growth is not occurring in a manner beneficial to the health of the population, 

and that cultural factors, particularly the low status of women, are negatively impacting 

nutrition outcomes. This thesis, therefore, utilizes 2005-06 data from the National Family 

Health Survey of India to analyze the determinants of child malnutrition at the individual 

level. The results from multiple regression analysis indicate that both economic and 

cultural variables play a crucial role in nutrition outcomes, alongside factors such as 

feeding practices and demographics. However, household wealth is the single most 

important determinant of underweight in a child. 
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Chapter 1.  Introduction 

 
 India has enjoyed consistent and significant economic growth in recent years and 

is now considered one of the fastest growing economies in the world. Between 1950 and 

1990, the average GDP growth rate was about 4% per year, and with structural reforms 

during the 1990s, this rose to 6.1% per year. By 2006-07, the annual GDP growth rate 

reached 8.0% (International Institute for Population Sciences (IIPS) & Macro 

International, 2007b). Despite this impressive economic performance, levels of child 

malnutrition remain alarmingly high. In fact, along with Nepal, Ethiopia, and 

Bangladesh, India enjoys the dubious distinction of having the highest proportion of 

underweight children in the world—a proportion that is higher than the average for all of 

sub-Saharan Africa (Nair, 2007; Kumar, 2007). Moreover, the most recent round of 

India’s National Family Health Survey indicates that insufficient progress has been made 

in reducing the prevalence of child malnutrition since the last survey round in the late 

1990s. Between 1998-99 and 2005-06, the proportion of children under age three 

classified as underweight decreased slightly from 43% to 40%, while the proportion 

classified as stunted decreased more substantially, from 51% to 45%. However, the 

proportion of children classified as wasted actually increased, from 20% to 23%, as did 

the proportion with iron deficiency anemia, from 74% to 79% (IIPS & Macro 

International, 2007b). 

 A review of the literature reveals two competing, but not necessarily mutually 

exclusive, explanations for why nutrition has not kept pace with economic growth. The 

first is that cultural factors, such as the poor status of women and preferences for sons, 

negatively impact nutrition outcomes. Another view is that economic factors are indeed 
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the most important determinants of malnutrition, however economic growth may not be 

occurring in a manner that is beneficial to the health of a large proportion of the 

population. For example, economic gains could be accruing only to those at the top or 

middle of the income distribution, or the government could be failing to use the revenue 

gains from growth to invest in public health services. Which of these two explanations is 

more or less correct does not represent a solely intellectual debate, but rather has key 

policy relevance in terms of identifying the best strategy for combating malnutrition in 

India. For example, would more inclusive economic growth and more extensive transfers 

to poor families automatically lead to declines in malnutrition? Or are social marketing 

and the targeting of extra services to vulnerable groups, particularly women, necessary to 

overcome cultural hurdles? 

Given this context, I set out to empirically assess which are the most important 

determinants of malnutrition in India and whether these are economic or cultural in 

nature. Not surprisingly, multiple regression analysis reveals that both economic and 

cultural variables play a crucial role in nutrition outcomes, alongside other factors such as 

feeding practices and demographics. However, household wealth appears to be the single 

most important determinant of a child’s weight-for-age score. 
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Chapter 2.  The “South Asian Enigma:” High Growth                              
and High Malnutrition 

 
 The juxtaposition of sustained economic growth and persistently high levels of 

malnutrition in India is somewhat surprising, as basic development theory posits a strong 

causal relationship between economic growth and improved health and nutrition 

outcomes. For example, Fogel (2004) has tied the long-term growth in labor productivity, 

and thus economic growth, in developed countries to improved nutrition and caloric 

intake. According to his “theory of physiological capital,” improvements in labor 

productivity, which make economic growth possible, are due to the accumulation of 

physiological capital. Physiological capital accumulation, reflected in improvements in 

stature and in body mass index (BMI), is in turn tied to long-term reductions in 

environmental hazards and the conquest of chronic malnutrition. Pritchett and Summers 

(1996), tackling this issue from the other side, have found a strong association between 

per capita income and health outcomes across developing countries. Using instrumental 

variable techniques, they found that country-level differences in income growth rates 

between 1960 and 1990 explain roughly 40% of the differences in mortality 

improvements. The authors concluded that rising incomes tend to improve health via 

increased private and public spending, but that other factors—such as the strength of 

public institutions, income inequality, and the status of women—also matter, as 

evidenced by the wide disparities in health outcomes among countries in the same per 

capita income quartiles. 

 Other empirical evidence on the link between health, nutrition, and economic 

growth does not always point to such a strong association. Acemoglu and Johnson 
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(2007), for example, have shown that improvements in health and life expectancy do not 

necessarily lead to economic growth. In a macro-level analysis of developing countries 

since the 1940s, they found that increases in life expectancy have not had significant 

effects on country-wide GDP growth, but have been significantly associated with 

decreases in GDP per capita. However, Bloom, Canning, and Fink (2009) have recently 

called these results into question: using the same data but controlling additionally for 

initial health conditions, they found that life expectancy improvements in fact had 

positive and significant effects on GDP per capita. Finally, Berti, Krasevec, and 

FitzGerald (2004) have reviewed the micro-level evidence on the relationship between 

agricultural production, income, and nutrition and determined that the link is not 

straightforward, but rather depends upon cultural and social conditioning factors. 

Specifically, they concluded that those interventions that increase food production and/or 

strengthen financial capital do not necessarily have positive effects on nutrition, but that 

corresponding investments in human capital (such as nutrition education and 

empowerment of women) seem to improve impacts. 

 Given the limited scope of my own thesis, I do not intend to tackle these larger 

issues as to whether economic growth is associated with improved nutrition in general, or 

in which direction the causality runs. Rather, I will build off of the existing research on 

such topics by examining the causes of malnutrition in one specific context, India, in 

which nutrition improvements have not kept pace with economic growth. This 

phenomenon, which I refer to as the “South Asian Enigma,” has itself been the subject of 

much earlier empirical and theoretical research that has informed my own analysis. 
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 Perhaps the seminal piece, and the source of my thesis title, is “The Asian 

Enigma,” by Ramalingaswami, Jonsson, and Rohde (1997). Those authors reported that, 

at that time, the proportion of malnourished children was higher in Bangladesh and India 

than in even the poorest countries of Sub-Saharan Africa, despite the fact that average 

purchasing power and food production per capita were nearly the same in South Asia and 

in Sub-Saharan Africa, and that income inequality was actually worse in the latter region. 

The authors have asserted that part of the reason for this discrepancy lies in differences in 

feeding practices and in poor hygiene, accompanied by higher disease burdens in South 

Asia’s urban slums. However, they have argued that perhaps the primary reason for this 

difference in malnutrition prevalence is the poor status of women and the neglect of their 

health in South Asia, which they claim, is worse there than it is elsewhere. In related 

research, Sen (2003) has argued that both gender bias in the provision of health care and 

the growing prevalence of sex-selective abortions are responsible for lower numbers of 

women than men in the Indian population. Compared to the ratio of 95 girls per 100 boys 

observed in Europe and North America, he found that as of the 2001 census the 

female:male ratio in India was 92.7 girls per 100 boys overall, and as low as 79.3 girls 

per 100 boys in certain states. 

 In addition, Gopalan and Aeri (2001) have argued that faulty dietary choices and 

intrafamilial distributions of food, along with poor sanitation and hygiene, are more to 

blame for undernutrition in children than insufficient food production or the inability to 

purchase food. Accordingly, they have recommended that malnutrition be combated 

through the diversification of food production (and household diets), improved healthcare 
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and sanitation, and the education of women and poor households about proper nutrition 

and feeding practices. 

Once nutritional data from the third round of the National Family Health Survey 

(NFHS-3) were released, showing poor progress since the previous survey round, a 

number of researchers produced empirical analyses of the data set to explain these trends. 

For example, Joe et al. (2008) explored the relationship between income and health 

inequalities at the state level, and found no clear correlation between health inequality 

and either income level or income inequality, when using traditional measures such as the 

GINI coefficient. However, they did find a statistically significant and positive 

correlation between the two when using a new composite index measure of income 

inequality, comprised of the average of the GINI coefficient and normalized net state 

domestic product per capita. Kumar (2007) used the state level NFHS-3 data to analyze 

trends in child health and nutrition indicators and found that initial conditions in terms of 

social development (including female literacy rates), levels of poverty, progress in 

reducing poverty, and economic growth rates do not seem to explain much of the 

progress in reducing malnutrition. Rather, he asserted that the most marked differences 

between the states with the lowest and the highest proportion of underweight children are 

in terms of the reach of public health services, childcare practices (in terms of 

breastfeeding and oral rehydration therapy utilization rates), and the nutritional status of 

women. Finally, Nair (2007) conducted an empirical analysis of inter-state differences in 

child malnutrition based on all three rounds of NFHS data and found that there are 

widespread and increasing disparities between states that cannot be clearly linked to 

poverty levels. Rather, the average age at which women have their first child and the 
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extent to which they utilize early breastfeeding appear to be the most important factors 

determining child malnutrition prevalence in a state.  

 While these studies and others like them do contain some valuable insights into 

the determinants of malnutrition, a number employ relatively weak empirical methods, 

such as failing to test for the statistical significance of correlations or differences in 

means, or to control for important omitted variables. In addition, almost all rely upon 

state level analyses of the NFHS-3 data. Given the amount of heterogeneity not just 

between but also within states in India, a state-level analysis of malnutrition has inherent 

limitations. Some have pointed out that less aggregated, district-wise data might be more 

useful for health policymakers, however at present the NFHS data contain state, but not 

district markers (Time to Act, 2007). Another major concern with state-level analyses is 

that the constrained sample size that such an exercise necessarily entails (29 or less) 

greatly limits statistical power and makes it unlikely that researchers are able to isolate 

significant effects. 

 The final report released by IIPS and Macro International (2007b) in conjunction 

with the NFHS-3 data does contain some interesting analysis on an individual, rather than 

state, level. The authors examined child malnutrition frequencies within the general 

population and within several sub-populations and identified the following broad trends: 

• Girls and boys are equally malnourished. 
• Undernutrition is lowest for first births and increases with birth order. 
• Undernutrition is higher in rural than in urban areas. 
• Undernutrition is higher with lower levels of mother’s education. 
• Children belonging to those groups classified by the Indian government as 

“scheduled castes”, “scheduled tribes”, or “other backward classes” have 
relatively high levels of undernutrition. 

• The nutritional status of children is linked with maternal nutritional status. 
• All measures of malnutrition decrease steadily as wealth quintile increases. 
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While suggestive, these results nevertheless fail to provide conclusive information on the 

determinants of malnutrition. No statistical tests were performed to assess the 

significance of the apparent correlations, nor were the independent effects of any 

particular variable isolated through multiple regression analysis. 

 In another individual level analysis, Jose and Navaneetham (2008) obtained rates 

of malnutrition in women broken down by location type (i.e. rural or urban), age group, 

wealth quintile, social group (i.e. type of caste or tribe), and state. They found that 

nutritional outcomes are worse in disadvantaged social groups and lower wealth quintiles, 

and that wealth appears to be a more important determinant than social status. The 

authors also compared NFHS-3 and NFHS-2 data, and found that in the aggregate there 

has been a marginal decline in chronic energy deficiency (CED, defined as a BMI less 

than 18.5) among women, but an increase in anemia. When the data are disaggregated by 

wealth quintile and by social group, gains in CED appear to be concentrated within 

socially and economically advantaged groups, with the health status of poorer women 

remaining essentially static since NFHS-2. However, it is unclear what is driving these 

trends as there is no investigation of causality, nor are any statistical techniques used for 

testing differences in means. 
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Chapter 3.  What Determines Malnutrition and Why Does It Matter?  
A Conceptual Framework 

 
“It is still widely assumed that lack of food is the only reason for malnutrition. But if this 
were true, why are there so many communities in the world where food shortage is not a 
problem but where malnutrition is?” (Ramalingaswami et al. 1997) 

  

 As the above quotation makes clear, food availability is only one factor that plays 

a role in malnutrition. And in a setting like India, where agricultural surpluses have been 

achieved for many crops, it is probably not the most important of factors. Rather, 

malnutrition is a complex phenomenon influenced by numerous economic and cultural 

determinants, which act through different direct and indirect mechanisms, and shaped 

also by underlying demographic conditions. Nearly all researchers and nutritionists 

acknowledge the dual role that economic conditions and culture play in determining 

nutritional outcomes. However there is little agreement on the relative importance of 

each, or on which is more to blame for the high prevalence of child malnutrition in India. 

Accordingly, there is no universally acknowledged theory explaining why malnutrition 

occurs that I can cite and then test through multiple regression analysis. However, using 

information gleaned from a variety of empirical and theoretical sources, I can lay out a 

rudimentary conceptual framework outlining the causes and effects of malnutrition in 

India. 

Economic conditions at the household level impact nutrition directly by 

determining the family’s ability to purchase food, and indirectly by influencing their 

ability to purchase health care and secure access to clean water and sanitation. Thus 

malnutrition is possible in the face of economic growth and agricultural surplus if a 

significant portion of the population remains unable to buy enough food and to limit their 
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exposure to disease. The direct effect of income and wealth, in the form of purchasing 

power, on malnutrition is fairly obvious, but its indirect effects require a bit more 

discussion. 

The link between malnutrition and disease is well understood and has been 

described by many authors in the Indian context. For example, Chatterjee (2002) has 

written that the ability to properly digest food and absorb its nutrients is impaired by the 

constant bouts of diarrhea, malaria, cholera, viral fever, and respiratory diseases endemic 

to India’s urban slums. Similarly, Ramalingaswami et al. (1997) have cited poor hygiene 

and the high burden of disease as the second major reason for high levels of child 

malnutrition in South Asia. Elucidating this process further, they have explained that 

diseases inhibit appetite and the absorption of nutrients, and even alter metabolisms, so 

that children faced with frequent and poorly managed illnesses suffer from inadequate 

nutritional reserves and impeded development. The frequency with which children 

contract such illnesses depends on many factors, they have written, but a particularly 

important factor is their degree of access to clean water and sanitation, which tends to 

improve as family income increases. In a country like India where the utilization of 

private health care is quite common, wealthier families may also be able to better manage 

their children’s illnesses through the purchase of more and better quality health care than 

poor families can afford. 

Economic conditions at the community level also indirectly contribute to the 

incidence of malnutrition by affecting the availability and quality of public health 

institutions that families may utilize. Chatterjee (2007) has laid some of the blame for 

high levels of malnutrition in children and pregnant women in Haryana, a relatively 
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prosperous state, on a public health system that is inaccessible to many of the urban and 

rural poor and that often fails to identify and address maternal malnutrition among those 

it does reach. Gopalan and Aeri (2001), citing a positive example of this, have pointed to 

the low incidence of anemia in Kerala as proof that malnutrition can be effectively 

tackled among poor families when public health services are widely available and of 

decent quality. 

In addition to the more obvious economic factors described above, many 

researchers and theorists also believe that cultural forces within India, such as the low 

status of women and a preference for male children, can impact nutrition indirectly by 

influencing feeding practices, the utilization of health care and sanitation, and the 

intrafamilial distribution of resources. Ramalingaswami et al. (1997), for example, have 

posited that the low status of women in Indian society acts upon child nutrition in several 

ways. They have argued that women’s place as second-class citizens within families 

causes their health and dietary needs to be neglected, which places them at increased risk 

for malnutrition and disease. This is important in terms of child health for two main 

reasons: first, malnourished and/or anemic women are more likely to have low birth 

weight babies who are themselves at risk for malnutrition (low birth weight is described 

as “the best single predictor of malnutrition”); and second, malnourished or ill women 

may not be able to breastfeed properly, which is important for infant development. 

Another channel through which women’s status impacts child health, they have asserted, 

is that a lack of freedom for women limits their interactions outside of the home and 

inhibits the transmission of new knowledge about health and child care. In this scenario, 
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it is not just the availability of health and sanitation facilities that matters, but how they 

are utilized, and utilization depends in part upon culture. 

Other authors that point to women’s status as an important determinant of child 

malnutrition in India include Chatterjee (2007), Jose and Navaneetham (2008), and 

Mathur (2008). Mathur has also introduced another dimension to the culture hypothesis, 

by arguing that cultural practices that push women into early marriage and motherhood 

have a negative impact on child health. This is, first, because of the strong and negative 

link between mother’s age and child’s birth weight and survival (teen mothers are 

particularly likely to have low birth weight babies), and, second, because early marriage 

and motherhood tend to result in large families where the fierce competition for resources 

may leave some children underfed. A preference for sons in the Indian culture can also 

result in large family size, as couples may continue to have children until they reach the 

desired number of boys, and influence the intrafamilial distribution of food. Chatterjee 

(2007), for example, has claimed that girls are worse fed than boys in many Indian 

families, and especially in rural areas. Daughters may also have less access to health care 

than sons when they become ill, further increasing their susceptibility to malnutrition. 

 As already mentioned, cultural norms, in the form of women’s status, can impact 

nutrition by influencing feeding practices such as the correct use of breastfeeding and 

complementary foods. However, feeding practices can also be shaped by culture in less 

tangible ways. For example, Chatterjee (2002) has described a dietary shift in urban 

India—from coarse grains and millets to refined wheat and rice, as well as to fats, oils, 

sugars, and fast foods in the case of the well-off—that has negatively impacted the 

nutrition of both the poor and the rich, among whom obesity is rising. Nugent (2002) 
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likewise has asserted that among the primary factors affecting the food consumption of 

the poor in developing countries are culturally and socially determined dietary habits. She 

has argued that increases in agricultural production in and of themselves are not enough 

to stave off malnutrition, but rather what foods are grown and what dietary choices 

people make are crucial. 

 Economic factors at the household and community levels can also impact feeding 

practices in important ways. Breastfeeding, which is known to be important to child 

health, can be difficult for poor working women to maintain given that paid maternity 

leaves and dedicated areas for breastfeeding on the job are rare (Working Group on 

Children under Six, 2007). Moreover, the choice of what crops to grow is not made solely 

by individual farmers and families, but is often shaped by economic policies at the 

national or state level. For example, the development and deployment of Green 

Revolution technologies has ensured that foodgrain production (largely in the form of 

wheat and rice) has outstripped population growth in India, but has resulted in the relative 

neglect of pulses and horticulture (Gopalan & Aeri 2001). 

 Within this framework, food availability is just another factor moderating the 

impact of economics and culture on nutrition and is not its primary determinant. Rather, 

the main drivers of child malnutrition are economic conditions at the household and 

community levels and culture, acting upon the disease burden, the intrafamilial 

competition for resources, and feeding practices. Men’s education levels and 

demographic factors less amenable to direct policy interventions, such as age, caste or 

tribe, place of residence, and family structure, may also play a role in shaping nutrition 

outcomes, both independently and through their interactions with culture and wealth. For 
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example, a father’s education level may partially determine what economic resources are 

available to the family and how women in the household are treated, and it may also 

influence what feeding practices are adopted and how health and sanitation facilities are 

used. 

 After having broadly established how malnutrition works, and before moving on 

to an empirical analysis of its major determinants, it is useful to first take a moment to 

discuss why it matters, especially given the wide range of public health and other 

economic and social development challenges facing policymakers in India. The first and 

most obvious reason is that a strong causal circle between malnutrition and other diseases 

has been established. As discussed in detail earlier, frequent and poorly managed 

illnesses lower nutritional reserves; this both mars growth and impairs the immune 

system. The result is increased susceptibility to disease and further nutritional depletion, 

in what Ramalingaswami et al. (1997) term “the downward spiral of frequent infection 

and poor growth.” 

 Fogel (2004) has described the long-term consequences of malnutrition and its 

link to other diseases in even greater detail. Malnutrition in utero or during early infancy 

and childhood, he has asserted, has been linked to permanent conditions such as poor 

organ development, impairment of the nervous system, and neurological damage, as well 

as to conditions that do not become apparent until middle age or later, such as coronary 

heart disease, hypertension, stroke, diabetes, and autoimmune thyroiditis. Some of these 

physiological dysfunctions can be reversed by improved dietary intake, but if the 

conditions of malnutrition persist for long enough, they can instead become irreversible 

or even fatal. 



 

15 

 Malnutrition also has serious long-term consequences outside the realm of public 

health. For example, Fogel (2004) has cited research that nutritional status influences 

educational attainment, since malnutrition impairs the proper functioning of the central 

nervous system and the capacity to learn. In what is the main argument of the paper, he 

has further theorized that improved nutrition leads to higher labor market participation 

and labor productivity. A literature review conducted by Bhutta et al. (2008) similarly 

found that stunting and wasting in infancy not only contribute to mortality and disability 

during childhood, but also have long-term impacts on cognition and earning potential. 

Alarmingly, the authors concluded that nutritional interventions have little impact after 

36 months of age, implying that the legacy of malnutrition in early childhood is severe 

and permanent. 
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Chapter 4.  The National Family Health Survey-3 Data 

 
My empirical analysis of the determinants of child malnutrition in India utilizes 

data from the third round of the National Family Health Survey (NFHS-3), which is 

publically available online upon request through the MEASURE DHS Project. The 

NFHS were initiated by the Government of India’s Ministry of Health and Family 

Welfare in order to provide policymakers with high quality data on demographic and 

health indicators in the country. The surveys have primarily focused on areas such as 

fertility and family planning, infant and child mortality, reproductive and child health, 

nutrition of women and children, the quality of health services, and socioeconomic 

conditions, with HIV testing a new addition to the most recent round. The first survey 

round (NFHS-1) was conducted in 1992-93, the second (NFHS-2) was conducted in 

1998-99, and the third and most recent (NFHS-3) was conducted in 2005-06. From an 

initial sample of 89,777 ever-married women in 24 states in 1992-93, the NFHS have 

gradually expanded their scope such that the most recent round includes 124,385 women 

age 15-49 (both never and ever-married) and 74,369 men age 15-54 (both never and ever-

married) from all 29 Indian states. All three survey rounds were conducted under the 

direction of the International Institute for Population Services (IIPS) in Mumbai, 

designated as the lead agency by the Ministry of Health and Family Welfare, and with 

technical assistance from Maryland-based Macro International (IIPS & Macro 

International, 2007b). 

The specific data I utilize from NFHS-3 come from two sources: questionnaires 

and biomarker measurement. NFHS-3 utilized three types of questionnaires—the 

Household Questionnaire, the Women’s Questionnaire, and the Men’s Questionnaire—to 
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gather information from respondents on demographic conditions, the prevalence of health 

issues, and health-related behavior and knowledge. In order to acquire accurate 

biomarker measurements of respondents, two health investigators on each survey team 

also measured the height and weight of women age 15-49, men age 15-54, and children 

born since January 2000 or January 2001 (depending on the date when fieldwork started) 

and took blood samples from women age 15-49, men age 15-44 and children age 6-59 

months. Height and weight data were used to determine nutritional status and blood tests 

to determine hemoglobin levels, which indicate the presence of anemia (IIPS & Macro 

International, 2007b). 

While the NFHS data have been widely used by researchers inside and outside of 

India to analyze nutritional and other health trends, they do have certain limitations, 

mainly due to their heavy reliance on self-reported information. For example, Bose 

(2007) has questioned the reliability of survey answers to questions on “sensitive” topics 

like domestic violence. Rajan and James (2008), who also note concerns regarding 

answers to sensitive questions, have levied a more detailed, multi-pronged critique of the 

quality of data collected in NFHS-3. First, they have cited previous research showing that 

the quality of data obtained through surveys is directly linked to the educational status of 

respondents: a major concern in India where very low levels of education are the norm. 

For example, the mean educational attainment of the mothers in my sample is five years 

of schooling, with nearly 40% reporting zero years. Second, they have asserted that there 

is a theoretical, inverse relationship between the length of a questionnaire and the quality 

of its responses, and NFHS-3 greatly expanded upon the number of survey questions 

from those included in previous rounds. They estimated that women in the 15-49 age 
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group were each asked a total of 450 questions—almost double the number utilized for 

NFHS-2. Finally, they have argued that the qualifications and training of field 

investigators—who came from many different subcontracting agencies—remain unclear, 

and could impact the quality of data collected. 

In order to empirically assess the accuracy of the information obtained through 

NFHS-3, Rajan and James (2008) compared responses on simple, quantitative questions 

for husband and wife pairs. They found agreement 94-99% of the time for 

straightforward questions regarding the number of children living and dead, but lower 

agreement rates on more sensitive questions regarding family planning practices. 

Additionally, they compared the nutritional level of siblings included in the survey, under 

the assumption that food consumption does not vary significantly among children in a 

household. In order to allow for the presence of gender discrimination within households, 

they further restricted their analysis to same-sex sibling pairs and found that the 

percentage of siblings having similar nutritional status ranged from 60-95%, depending 

on the exact nutritional measure used. In terms of children classified as severely 

underweight or not—determined based on the same weight-for-age measure I utilize in 

my analysis—they found 80% agreement between siblings in the case of male pairs and 

77% agreement in the case of female pairs. These figures can be compared to the 90% 

agreement rate one would expect in absence of intrafamilial discrimination. 

I believe that there are a number of issues with Rajan and James’s conclusions. 

First, if access to food depends not just on gender but on birth order, something I 

investigate empirically in Chapter 6, then a wider degree of divergence than 10% 

between same-sex sibling pairs is possible. Second, while the weight-for-age index 
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represents a continuous measure of nutritional status, Rajan and James utilized it, 

somewhat artificially, as a discrete measure. For example, children with scores less than  

-3 standard deviations below the reference median on the weight-for-age index are 

classified as severely underweight, while those with scores anywhere above -3 standard 

deviations are classified as normal, and sibling convergence within these two categories 

is then assessed. Therefore, if one sibling has a z-score of -3.01 and his brother has a z-

score of -2.99, they will be deemed discordant by Rajan and James, while two siblings 

with z-scores of -2.99 and +2.00 will be deemed to be in agreement. Both scenarios are 

clearly misleading. 

Despite these issues, some of the critiques of NFHS-3’s data quality are 

undoubtedly valid and remain troubling. Nevertheless, it clearly contains the best data 

available for answering nutritional questions on a national scale. Joe, Mishra, and 

Navaneetham (2008) have reported that pre-NFHS health information in India was 

available only in the form of aggregate measures, and that the deployment of the NFHS, 

due to their extensive coverage and the nature of information collected, makes it possible 

for the first time to study the distribution of health outcomes and disparities among many 

different population sub-groups. Even Rajan and James (2008) have ceded the fact that 

NFHS-1 was a “landmark event,” as it made available for the first time a wide range of 

demographic and health data for the entire country. In terms of the reliability of the 

nutritional data contained within NFHS-3, Chatterjee (2007) has argued that its basic 

conclusions are bolstered by the results of other smaller scale health surveys in Haryana, 

which show that the prevalence of low birth weight children has remained high and 

nearly constant for the past 20 years, despite considerable economic growth in the state.  
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Chapter 5.  Empirical Model and Estimation Methods 

 
 Given the gaps in the literature and the limitations of existing analyses, I utilize 

the NFHS-3 data to perform an individual level, all-India empirical analysis of the 

determinants of malnutrition. The analysis is restricted to malnutrition in children under 

age five, but includes observations from all states and from both urban and rural areas. 

This leaves a cross-sectional data sample of approximately 41,000 children, upon which 

multiple regression analysis is conducted utilizing OLS estimation methods. While the 

primariy unit of analysis within this sample is the child, a number of variables contain 

information at the household level, making it necessary to utilize heteroskedasticity-

corrected standard errors. 

In keeping with the conceptual framework developed earlier, I estimate the 

following model: 

 

NutritionalOutcome = β0 + β1Family Re sources + β2Community Re sources + β3MothersStatus +
β4FathersStatus + β5DiseaseBurden + β6IntrafamilialCompetition + β7FeedingPr actices +
β8FoodAvailability + β9Demographics + ε

 

 
Ideally, one would also like to have directly analyzed the effect of son preference 

on nutritional outcomes, but no appropriate way to measure it as such has been identified. 

However, some of the impact of this factor may be captured by examining the effects of 

gender and intrafamilial competition on nutrition, both of which may be influenced by the 

extent of preferences for male children. The final set of all variables included in the 

model is distilled from the variables available in the NFHS-3 data file, based on this 

researcher’s own analysis and literature search. A list of these variables and their 

definitions are shown in Table 1. 
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TABLE 1. VARIABLES IN THE MODEL 
 

Concept Variable Operational Definition 
Dependent Variable 
Nutritional 
Outcome 

Weight-for-age Score on weight-for-age index measured in standard deviations. 
Children below -2 standard deviations are classified as underweight, 
and those below -3 standard deviations are classified as severely 
underweight. 

Independent Variables 
Family 
Resources 

Wealth index 
factor score 

Continuous variable indicating wealth of the household in absolute 
terms. The wealth index was constructed based on household assets 
and dwelling characteristics.  

Community 
Resources 

Availability of 
ICDS program 

Dummy variable indicating whether the household is in a primary 
sampling unit covered by an ICDS center, or not. 

Delivery 
institution 

Dummy variable indicating whether the child was born in an 
institutional setting (i.e., at either a public or private health facility), or 
not. 

Mother’s 
Status 

 

Age of mother at 
first birth 

Continuous variable indicating the mother’s age at the time she had her 
first child. 

Mother’s 
decision making 
power 

Index variable created based on the mother’s responses to a series of 
six questions regarding who has the final say in various household 
decisions on purchases and health care. Values range from 0 (mother 
has no say in any decisions) to 12 (mother is sole decider in all 
decisions). 

Mother’s 
education 

Dummy variables indicating the highest level of education completed 
by the mother. Either: no education, incomplete primary, complete 
primary, incomplete secondary, complete secondary, or higher. 

Mother’s health Continuous variable indicating the mother’s body mass index (BMI), a 
measure of weight in relation to height. Values range from 12.04 
(severely underweight) to 59.62 (obese). 

Father’s 
Status 

Father’s 
education 

Dummy variables indicating the highest level of education completed 
by the father. Either: no education, incomplete primary, incomplete 
secondary, complete secondary, or higher. (Note that no fathers in the 
sample fall into the “complete primary” category utilized for mothers.) 

Disease 
Burden 

Usage of ICDS 
program 

Dummy variable indicating whether the mother has used ICDS 
program services for herself or her child in the past 12 months, or not. 

Intrafamilial 
Competition 

Birth order Continuous variable indicating the order in which the child was born 
within his/her family. 1=first birth, 2=second birth, etc. 

Family size Continuous variable indicating the number of usual residents plus the 
number of visitors who slept in the house the previous night that were 
listed in the household schedule. 

Feeding 
Practices 

Onset of 
breastfeeding 

Dummy variable indicating when the onset of breastfeeding occurred. 
Either: within the first hour after birth, or not.  

Food 
Availability 

Agricultural 
production 

Continuous variable indicating per capita foodgrain production in the 
state during 2005-06, in metric tons. 

Demographics Age Continuous variable indicating the age of the child in months. 
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 Caste/tribe Dummy variables indicating the type of caste or tribe of the mother 
according to official government classifications. Either: “scheduled 
caste,” “scheduled tribe,” “other backward class,” or other. 

Family 
arrangements 

Dummy variable indicating whether the mother is married and living 
with husband, or not. 

Gender Dummy variable indicating the gender of the child. Either: male or 
female. 

Rural/urban Dummy variable indicating the type of place of residence as 
determined by official classifications. Either: rural or urban. 

 

The inclusion and specification of many of these variables are fairly obvious, but 

others may require a bit more explanation. Perhaps most important to clarify is the choice 

of dependent variable. The underlying basis for using anthropometric measurements to 

evalute the nutritional status of a child is that in a large and well-nourished population 

there is a statistically predictable distribution of children with respect to height and 

weight for each age that approximates a normal distribution. The practice of comparing 

all children to a standard reference population is supported by the empirical finding that 

healthy children in all population groups for which data exist follow similar growth 

patterns before puberty. Until 2006, the most commonly used reference population was 

the U.S. National Center for Health Statistics standard. However, in April 2006, the 

World Health Organization (WHO) released a new international reference population, 

based on the growth curves of children from both developing and developed countries 

who are raised in healthy environments, whose mothers do not smoke, and who are fed 

with recommended feeding practices. This standard was endorsed by the Government of 

India and utilized to calculate the nutritional indicators available in NFHS-3 (IIPS & 

Macro International, 2007b). 

The three standard nutritional indices calculated in NFHS-3 are height-for-age, 

weight-for-height, and weight-for-age. Each of these indices, measured in standard 
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deviation units from the median of the reference population (z-scores), captures a 

somewhat different aspect of malnutrition. Height-for-age, or stunting, is a measure of 

chronic malnutrition and can be traced to inadequate dietary intake over a long period of 

time as well as to the child’s overall disease burden. Weight-for-height, or wasting, is a 

measure of acute malnutrition and is caused by inadequate dietary intake and/or illness in 

the period immediately preceding measurment. Weight-for-age, or underweight, is a 

composite index of height-for-age and weight-for-height and it can reflect aspects of both 

acute and chronic malnutrition. Micronutrient deficiency is another important aspect of 

malnutrition, which NFHS-3 attempted to address by collecting information on self-

reported vitamin A and iron consumption, performing blood tests to detect for iron-

deficiency anemia, and testing household salt supplies for the presence of iodine (IIPS & 

Macro International, 2007b). 

Due to its more inclusive definition of malnutrition, as well as to the fact that it is 

the most widely used measure in current research, this study uses weight-for-age z-

scores1 as the dependent variable. Standard practice is to consider as “underweight” 

children whose weight-for-age scores are below -2 standard deviations from the reference 

population median, and as “severely underweight” children whose weight-for-age scores 

are below -3 standard deviations from the median. Similarly, children who fall more than 

two standard deviations above the median of the reference population are classified as 

“overweight,” however this is the case for less than 1% of children included in NFHS-3 

(IIPS & Macro International, 2007b), so I will not devote time to discussing them. 

                                                                                                                                                                                                                                                                                                             

1 As indicated above, a z-score measures how many standard deviations an observation is above or below 
the population mean, or in this case median. The general formula for calculating a z-score is: zx = (x – µx) / 
σx; where x is the raw score to be standardized; µx is the population mean; and σx is the population standard 
deviation. 
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Accordingly, children with z-scores anywhere above -2 can be considered as healthy 

within the context of this analysis. 

As noted above, this study examines malnutrition indicators only in children 

under age five. This decision was guided by theory and evidence, as it is widely-agreed 

that the period from birth to two or three years of age is the window in which the 

consequences of malnutrition are the most severe, but also by data availability—only 

children under five were weighed and measured by NFHS investigators. IIPS and Macro 

International (2007b) further reported that NFHS-3 investigators were not able to 

measure and weigh 9% of children under five within the sample, either because the child 

was not at home at the time of the survey or the mother refused permission. An additional 

8% of eligible children were also excluded from the publically available data set because 

their date of birth was unknown or because measurement error was suspected.  

The next variable requiring some discussion is the wealth index factor score. In 

much of the economic literature, household income is the preferred indicator for 

measuring a family’s general welfare and economic condition. However, in developing 

countries such as India it can be extremely difficult to measure household income 

accurately. For example, in situations where self-employment and home production are 

prevalent, and where there are no income taxes for most of the population, many 

respondents may not know their own income. Incomes may also vary dramatically by 

season or by year, especially in agricultural communities, and when income is measured 

via household surveys reporting problems may also abound. A popular alternative to 

income as a measure of economic well-being is consumption expenditures. While this 

measure is strongly grounded in economic theory as well, collecting consumption data 
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nevertheless poses many of the same practical challenges outlined above in regards to 

reporting bias and seasonal volatility. In addition, it is a matter of debate as to exactly 

which expenditures should be included in order to assess long term economic status. 

Finally, in the NFHS context, procuring accurate information on either household income 

or expenditures would require an even longer, more detailed interview process and as 

such has never been feasible in the eyes of survey administrators (Rutstein & Johnson 

2004). 

Given the issues with both income and consumption, Demographic and Health 

Surveys (DHS) researchers Rutstein and Johnson (2004) have proposed using wealth as 

an alternative measure of economic status when analyzing DHS data. The two main 

advantages to this measure, which they have identified, are that (1) it is less susceptible to 

the volatility associated both with income and consumption, and (2) it is more easily 

measured within the context of the DHS. As to the second point, this is because DHS 

questionnaires already, and often for unrelated reasons, collect a large amount of 

information on household assets and dwelling characteristics that are thought to be 

correlated with economic condition. For example, information on household flooring is 

collected because of its link with diarrhea in young children.  

While similar types of wealth measures have been widely used in DHS studies 

throughout the world, the specific methodology underlying the NFHS-3 wealth index 

warrants elucidation. First, information was gathered on respondents’ answers and 

surveyors’ visual inspections regarding 33 household assets or dwelling characteristics. 

(See Appendix 1 for the complete list.) As proposed by Filmer and Pritchett (2001), each 

of these assets was assigned a weight, or factor score, generated through principal 
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component analysis and the resulting scores were normalized. Then, every household in 

the sample received a score for each asset it possessed and they were summed to obtain 

its wealth index factor score. In order to determine wealth index quintiles, each individual 

was assigned the wealth index factor score of his/her household, and the NFHS-3 

population was subsequently divided into five equally-sized groups based on the 

distribution of wealth scores (Mishra & Dilip, 2008). Thus, the wealth index factor score 

and the wealth index quintile variables, both of which are available in the NFHS-3 data 

set, represent two alternative but highly correlated measures of a household’s economic 

status. 

  Use of just such a wealth, or asset, index as a valid proxy for economic status has 

been confirmed empirically by a number of sources. Rutstein and Johnson (2004) used 

1997 data from Guatemala to compare expenditure and wealth indices and found that the 

wealth index was better than the expenditure index in terms of predicting the presence of 

specific household assets, as well as in predicting contraceptive use and physician-

attended births. Using NFHS-1 data from India, they detected an association between the 

wealth index quintile and total fertility rate, contraceptive use, under-five mortality rate, 

vaccination rate, prevalence of stunting, and presence of safe water supply and sanitation 

disposal. 

 Another widely cited and influential piece of work on this topic was conducted by 

Filmer and Pritchett (2001). Employing a method nearly identical to that ultimately 

adopted by the DHS, Filmer and Pritchett used NFHS-1 data on asset ownership and 

housing characteristics to construct an asset index, which they then evaluated along three 

dimensions. In terms of internal coherence, they found large differences in asset 
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ownership across wealth groups for almost all assets. In terms of robustness, they found 

that the index produced very similar classifications regardless of which exact subset of 

asset variables was used to create it. Finally, they found that when state-by-state rankings 

determined through the index were compared with more conventional measures of 

poverty (such as the gross state product per capita), there were fairly strong correlations 

between the two. Filmer and Pritchett also analyzed data sets from Indonesia, Nepal, and 

Pakistan, which contained both expenditures and asset variables for the same households, 

and found that the classification of households based on the asset index was fairly similar 

to that based on consumption expenditures. 

 Nevertheless, there are some limitations to the use of the wealth or asset index, as 

acknowledged both by Filmer and Pritchett and Rutstein and Johnson. First, researchers 

such as Montgomery have concluded that the wealth index is not a good proxy for 

income (Rutstein & Johnson 2004), and Filmer and Pritchett (2001) also concluded that it 

should not be used as a proxy for current consumption expenditures. However, the latter 

group’s research has shown that it can be a valid proxy for a household’s long run 

economic status, something related but not equivalent to either income or consumption. 

Another limitation of the wealth index is that exactly what assets to include in its 

construction may always be open to debate, revision, or expansion. For example, there is 

some contention over whether to include asset variables that are influenced by the 

availability of public infrastructure (such as the presence of electricity or piped water), as 

this may make urban households more likely than rural ones to appear well-off. As 

indicated in Chapter 3, it is the opinion of this researcher, and of many others, that public 

services play a crucial role in health outcomes. Therefore, the inclusion of such 
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infrastructure-related variables within the NFHS-3 wealth index is largely a positive 

circumstance, and any urban bias can be mitigated through the inclusion of a rural/urban 

indicator variable within regression models. However, it is also important to 

acknowledge that the inclusion of such variables in the wealth index may blur the lines 

between household and community-level economic resources in the resulting analysis. 

 Next are the variables related to the Integrated Child Development Services, or 

ICDS, program. Created in 1975, the ICDS program represents India’s major response to 

child malnutrition and as such provides child growth monitoring, supplementary feeding 

and pre-school education for young children, and basic health services for young 

children, pregnant women, and lactating mothers (Lokshin, Gupta, Gragnolati, & 

Ivaschenko, 2005). While access to ICDS program services is now a legal entitlement as 

mandated by India’s Supreme Court, universal coverage has not yet been achieved 

(Working Group on Children under Six, 2007). Thus, the variation in the availability and 

usage of the ICDS program is utilized to measure the impact of public health services and 

of a child’s disease burden, respectively, on nutrition outcomes. 

 The decision to include an onset of breastfeeding variable also warrants further 

discussion. In keeping with WHO guidelines on infant feeding practices, the Government 

of India recommends that children be exclusively breastfed for the first six months of 

their lives, after which time complementary foods should be introduced alongside 

continued breastfeeding for the next 18 months or more (IIPS & Macro International, 

2007b). The Government of India and the WHO also recommend that mothers start 

breastfeeding their children immediately after birth, preferably within one hour, for a 

number of reasons. First, the early initiation of breastfeeding stimulates breast milk 
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production; second, the first breast milk (called colostrum) is highly nutritious and 

contains important antibodies; and third, a delay in breastfeeding can result in the 

introduction of other liquids, such as glucose water or animal milk, that may contain 

harmful bacteria or other disease agents. There is therefore a strong theoretical basis for 

capturing the effect of infant feeding practices on nutritional outcomes by including a 

variable indicating whether the child had been breastfed within the first hour of his life. 

There are also practical reasons for using the onset of breastfeeding rather than some 

other proxy for feeding practices within my analysis. For example, while an alternative 

variable capturing the duration of breastfeeding was initially considered, this measure 

was ultimately rejected due to the fact that its value was very highly dependent on the age 

of the child.  

With the exception of this breastfeeding variable, which I will return to in the next 

paragraph, all of the variables described in detail thus far were obtained from the official 

NFHS-3 data set essentially as is, requiring only minimal recoding by this researcher. 

However, several other of the variables listed in Table 1 required significantly more 

modification. The first of these mentioned is the mother’s decision making power index 

variable, which I created based on the mother’s responses to a series of six questions in 

the NFHS-3 questionnaire regarding the process for making household decisions. Next, I 

created the agricultural production variable by using both the NFHS-3 data and two 

external data sources. More details on the derivations of both of these indices can be 

found in Appendix 1. 

Before closing this section, it is also necessary to include a note on imputed data. 

In the original data set, some observations were missing data on one or more of the 
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following variables: father’s education, mother’s BMI, mother’s decision making power, 

ICDS availability, ICDS usage, delivery institution, family arrangements, type of caste or 

tribe, and onset of breastfeeding. For all variables except the last one, the amount of 

missing data was relatively small—equivalent to 4.3% of the total sample or less—so 

values for these observations were imputed by assigning the mean value for that variable 

to them (see Appendix 2 for observation counts and means for each variable). However, 

more than 25% of observations in the sample were missing data regarding the onset of 

breastfeeding, so a more complex imputation procedure was utilized in the case of this 

variable. Further details on the derivation of this variable can be found in Appendix 1. 
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Chapter 6.  Results and Analysis 

 
The results from the multiple regression analysis are presented in Table 2, below. 

Five models were run in total. Model (1), the baseline model, includes only demographic 

control variables and variables relating to food availability, intrafamilial competition, 

disease burden, and feeding practices, all relatively uncontroversial factors in the 

incidence of child malnutrition. Model (2) includes all these variables as well, but also 

introduces the WealthScore variable, intended to capture the impact of a family’s 

economic resources on malnutrition. Model (3) adds in community economic resources, 

in the form of institutional delivery and ICDS availability dummies, and model (4) 

further measures the impact of father’s status, as proxied by education level. The final 

and fully specified model, model (5), includes all of the earlier variables as well as a 

number of variables related to mother’s status: her age at first birth, her BMI, her 

household decision making power, and her education level. As anticipated, these five 

models collectively reveal that family and community economic resources, mother’s 

status, father’s status, disease burden, intrafamilial competition, feeding practices, food 

availability, and demographics all play a role in the incidence of underweight in children. 

 

 

TABLE 2. OLS REGRESSION RESULTS 
 

  WtForAge 
  Model (1) Model (2) Model (3) Model (4) Model (5) 
Constant -.821 *** -1.063 *** -1.216 *** -1.362 *** -2.842 *** 
  (.031)   (.030)   (.033)   (.036)   (.060)   
Age -.009 *** -.009 *** -.009 *** -.009 *** -.009 *** 
  (.000)   (.000)  (.000)   (.000)  (.000)   
AgProdPerCapita .300 *** .125 *** .168 *** .202 *** .196 *** 
  (.036)   (.034)   (.035)   (.035)   (.034)   
BirthOrder -.081 *** -.031 *** -.025 *** -.020 *** -.023 *** 
  (.004)   (.004)  (.004)   (.004)  (.004)   
FamilySize .003 * -.013 *** -.012 *** -.012 *** -.006 *** 
  (.002)   (.002)   (.002)   (.002)   (.002)   
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Female -.020 * -.008  -.006   -.006  -.009   
  (.012)   (.012)  (.012)   (.012)  (.011)   
ICDSUsed -.087 *** -.039 *** -.058 *** -.061 *** -.055 *** 
  (.013)   (.013)   (.013)   (.013)   (.013)   
Married -.056 *** -.053 *** -.053 *** -.050 *** -.040 ** 
  (.020)   (.019)  (.019)   (.019)  (.019)   
OBC -.238 *** -.099 *** -.103 *** -.101 *** -.075 *** 
  (.015)   (.015)   (.015)   (.015)   (.015)   
SchedCaste -.348 *** -.146 *** -.148 *** -.147 *** -.110 *** 
  (.018)   (.018)  (.018)   (.018)  (.018)   
SchedTribe -.105 *** .067 *** .085 *** .087 *** .068 *** 
  (.020)   (.020)   (.020)   (.020)   (.020)   
Rural -.302 *** .057 *** .029 * .014  .025   
  (.013)   (.015)  (.016)   (.016)  (.015)   
BreastfedFirstHour .185 *** .122 *** .109 *** .105 *** .088 *** 
  (.015)   (.015)   (.015)   (.015)   (.015)   
WealthScore ---   .395 *** .372 *** .321 *** .204 *** 
      (.008)  (.008)   (.009)  (.010)   
InstDelivery ---   ---   .113 *** .105 *** .039 *** 
          (.014)   (.014)   (.014)   
ICDSAvail ---   ---  .112 *** .112 *** .101 *** 
        (.015)   (.015)  (.015)   
FathSomePrimary ---   ---   ---   .098 *** .080 *** 
              (.020)   (.020)   
FathSomeSecondary ---   ---  ---   .137 *** .090 *** 
            (.017)  (.017)   
FathSecondary ---   ---   ---   .199 *** .139 *** 
              (.043)   (.043)   
FathHigherEd ---   ---  ---   .297 *** .162 *** 
           (.025)  (.026)   
MomAge ---   ---   ---   ---   .009 *** 
                  (.002)   
MomBMI ---   ---  ---   ---  .059 *** 
              (.002)   
MomDecision ---   ---   ---   ---   .007 *** 
                  (.002)   
MomSomePrimary ---   ---  ---   ---  .080 *** 
              (.023)   
MomPrimary ---   ---   ---   ---   .087 *** 
                  (.024)   
MomSomeSecondary ---   ---  ---   ---  .147 *** 
              (.017)   
MomSecondary ---   ---   ---   ---   .204 *** 
                  (.030)   
MomHigherEd ---   ---   ---   ---   .253 *** 
                  (.032)   
N 41,306   41,306  41,306   41,306  41,306   
R2 .0704   .1228   .1254   .1285   .1548   

 

Notes:     
1) Standard errors are in parentheses 
2) Statistical significance is indicated by * for the 10% level, ** for the 5% level. and *** for the 1% level. 
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Looking first at model (1), the baseline regression model explains approximately 

7% of the variation in weight-for-age scores within the sample. The following variables 

are all highly statistically significant at the 1% level: the child’s age, birth order, and 

family living arrangements; the household’s type of caste or tribe and place of residence; 

the mother’s utilization of ICDS program services for herself or her child and her 

adoption of early breastfeeding; and the state’s agricultural production per capita. 

Variables for the household’s family size and the child’s gender, however, are only 

statistically significant at the 10% level. 

 When next assessing the substantive significance of the coefficient estimates, it is 

necessary to consider the magnitude of the impacts in real-world terms. When examined 

in this way, the type of caste or tribe and place of residence appear to have the largest 

effects on child malnutrition, followed by feeding practices. Compared to children from 

other, more advantaged castes or tribes and holding all else constant, a child from a 

scheduled caste, scheduled tribe, or “other backward class” is predicted to have a weight-

for-age score that is .348, .105, or .238 standard deviations lower, respectively. Similarly, 

a child from a rural community is expected to have a weight-for-age score .302 standard 

deviations lower than that of a child from an urban community. Feeding practices also 

appear to be quite important, as being breastfed within the first hour after birth is 

associated with a .185 standard deviation increase in a child’s weight-for-age score.  

The utilization of ICDS program services, used as a proxy for a child’s disease 

burden, conversely appears to have a significant, negative impact on child nutrition. A 

child whose mother has utilized ICDS program services within the past 12 months, either 

for herself or the child, is predicted to have a weight-for-age score that is .087 standard 
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deviations lower than that of a child whose mother has not utilized these services. While 

counter-intuitive at first glance, one potential explanation for this result is that ICDS 

program services are most heavily utilized by those who are the least healthy and the 

most in need of care. 

Intrafamilial competition and food availability also seem to matter, though the 

impacts are not entirely as expected. A one unit increase in birth order—i.e. moving from 

a first birth to a second birth, etc.—is associated with a .081 standard deviation decrease 

in a child’s weight-for-age score. Or generally speaking, younger siblings tend to be 

worse fed than older siblings. Conversely, the results also show that adding one 

additional family member to the household is associated with a .003 standard deviation 

increase in the child’s weight-for-age. However, it is important to point out that this 

coefficient is both small in magnitude and only borderline statistically significant. Next, 

regression results show that a one standard deviation increase in a state’s agricultural 

production per capita—of .167 metric tons—is associated with a .050 standard deviation 

increase in a child’s weight-for-age score.2 

Finally, demographic factors other than caste or tribe and place of residence also 

impact nutrition outcomes, although to a lesser extent than originally anticipated. Gender 

is only borderline statistically significant and its effect is relatively minor, with girls 

predicted to have weight-for-age scores .020 standard deviations lower than those of 

                                                                                                                                                                                                                                                                                                             

2 It is important at this point to differentiate between the standard deviation units referenced in regards to 
the weight-for-age and wealth indices and those referenced in regards to agricultural production per capita 
and all other independent variables. Both the weight-for-age and wealth indices were created and 
normalized by DHS researchers in regards to a reference population that differs from the sample population 
used here. Thus when impacts for these two variables are discussed in terms of standard deviation units, 
this refers to the normalized population standard deviation of 1, which is not necessarily equivalent to the 
actual standard deviation within the sample. For all other variables, when impacts are discussed in terms of 
standard deviation units, this refers to the standard deviation of the variable within the sample—a full list of 
which can be found in Appendix 2. 
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boys. Somewhat surprisingly, a child whose parents are married and living together is 

expected to have a weight-for-age score .056 standard deviations lower than a child who 

has some other type of family living arrangements. However, nearly 90% of children in 

the sample are in the former category, and since variation in the explanatory variables is a 

pre-condition for regression analysis, it is difficult to draw any meaningful conclusions 

about the impact of family structure on child malnutrition using these data. Lastly, the 

highly significant age variable reveals that a one standard deviation increase in a child’s 

age is associated with a .153 standard deviation decrease in his weight-for-age score. This 

indicates that older children are generally less well-nourished than younger ones, 

however it is necessary to be cautious when interpreting this result, since there is a strong 

correlation between a child’s age and his breastfeeding status. The NFHS-3 final report 

indicates that the proportion of children who are underweight peaks at about 20 months 

of age, which coincides with the weaning period for many Indian children (IIPS & Macro 

International 2007b). 

 Once household wealth is introduced into the analysis, in model (2), the predictive 

power of the model is greatly improved, with an R2 of .1228, nearly double that of the 

baseline model. Moreover, the substantive impact of the WealthScore variable dwarfs 

that of all other variables: a one standard deviation increase in a household’s wealth 

factor score is associated with a .395 standard deviation increase in the child’s weight-

for-age score,  and this effect is highly statistically significant at the 1% level. 

 The substantive impacts and statistical significance of the Age and Married 

variables remain essentially unchanged in model (2), however the introduction of the 

wealth variable alters every other coefficient in the model. In terms of statistical 
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significance, gender is no longer significant at any conventional alpha level, while all 

other explanatory variables are highly significant at the 1% level. However, the 

magnitude, and in some cases the direction, of these impacts have changed. Most notably, 

once wealth is controlled for, the impact of living in a rural as opposed to an urban 

community is reversed and is positive, indicating that higher levels of child malnutrition 

in rural India may be largely due to higher concentrations of poverty in rural areas. 

 Similarly, the negative impacts of caste and tribe appear to be largely, but not 

entirely, explained by wealth differentials between these groups. Compared to children 

from other, more advantaged castes or tribes, a child from a scheduled caste or “other 

backward class” is predicted to have a weight-for-age score that is .146 or .099 standard 

deviations lower, respectively, both of which are less than half the size of the impacts in 

model (1). The results also indicate that, holding wealth constant, a child from a 

scheduled tribe is expected to have a weight-for-age score that is .067 standard deviations 

higher than a child from one of the more advantaged castes or tribes. At this point I am 

unable to offer an explanation for this surprising result, which contradicts findings in 

much of the literature, other than to say that the number of children in this category is 

relatively small (less than 17% of the sample) and as such perhaps does not provide a 

representative sample of all scheduled tribe members in India. 

 The coefficient on the FamilySize variable also switches direction once wealth is 

included, though this change is more in line with expectations about the effect of 

intrafamilial competition on the incidence of child malnutrition. Specifically, adding one 

additional family member to the household is now associated with a .013 standard 

deviation decrease in the child’s weight-for-age. 
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 Finally, once wealth is controlled for, the size of the impacts of agricultural 

production per capita, birth order, ICDS usage, and utilization of early breastfeeding all 

decline, but the sign and statistical significance of the coefficients remain unchanged. In 

the case of the first three of these variables, the coefficient estimates are reduced by 50-

60% in model (2), however the coefficient on the onset of breastfeeding dummy is only 

34% smaller than in model (1). Feeding practices remain an important determinant of 

child malnutrition in this model, as a child breastfed within the first hour of his life is 

predicted to have a weight-for-age score .122 standard deviations higher than a child 

breastfed later or not at all. 

 The introduction of additional variables related to economic resources at the 

community level in model (3) further enhances the predictive power of the model, 

however the difference in R2 is smaller than that observed when household wealth was 

introduced, as are the changes in coefficients on the other independent variables. In 

general, community resources, as proxied by the child’s delivery setting and the presence 

or absence of an ICDS program center in the area, appear to significantly and positively 

impact child nutrition. Specifically, a child born in a public or private health facility is 

predicted to have a weight-for-age score .113 standard deviations higher than a child born 

elsewhere, and a child who lives in a locality with an ICDS program center is similarly 

predicted to have a weight-for-age score .112 standard deviations higher than a child who 

lives in a locality without such a center, holding all other factors constant. Both effects 

are highly statistically significant at the 1% level. However, the impact of the household 

wealth variable remains highly statistically significant and substantively important: a one 
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standard deviation increase in a household’s wealth factor score is associated with a .372 

standard deviation increase in the child’s weight-for-age score. 

 Once community and household resources are both controlled for, place of 

residence becomes an even less important determinant of malnutrition, with the 

coefficient on Rural reduced from .057 to .029 and now only borderline significant, at the 

10% level. The impact of feeding practices is also noticeably less in model (3), with the 

coefficient on BreastfedFirstHour decreasing from .122 to .109, possibly because 

community health institutions help transmit knowledge about proper feeding practices. 

Finally, the impacts of food availability and disease burden are slightly larger in model 

(3) than in model (2), while the coefficient changes for all other variables are negligible. 

Inclusion of variables related to father’s educational level in model (4) further, if 

only slightly, enhances the predictive power of the model and decreases the independent 

effect of household wealth on child malnutrition. Moreover, the coefficients on each of 

the paternal education dummies in this model are all highly statistically significant at the 

1% level and appear substantively large. Compared to the baseline of no paternal 

education and holding all else constant, having a father with some primary education is 

associated with a .098 standard deviation increase in a child’s weight-for-age score, while 

having a father with complete primary and some secondary education is associated with a 

.137 standard deviation increase in a child’s weigh-for-age score. The impacts of having 

a father with a secondary school degree or participation in higher education are even 

larger, and are respectively associated with a .199 and a .297 standard deviation increase 

in a child’s weight-for-age score.  
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 As noted in the previous paragraph, controlling for father’s education decreases 

the independent effect of household wealth on child nutrition, though this effect remains 

substantively large. Specifically, a one standard deviation increase in a household’s 

wealth factor score is now associated with a .321, rather than a .372, increase in a child’s 

weight-for-age score. The impact of delivery setting is also slightly less in model (4): the 

nutrition premium of an institutional delivery is reduced from a .113 to a .105 standard 

deviation increase in weight-for-age. Other notable differences between models (3) and 

(4) are that place of residence is no longer statistically significant at any conventional 

alpha level and that a one standard deviation increase in agricultural production per capita 

is now associated with a .034, rather than a .028, standard deviation increase in the 

child’s weight-for-age score. However, the coefficients on all other independent variables 

remain essentially unchanged. 

 Lastly, the inclusion of variables related to mother’s status in model (5) increases 

the overall predictive power of the model and decreases the substantive importance of 

variables related to household and community resources, father’s status, feeding 

practices, and type of caste or tribe. In this final, fully specified model, 15.48% of the 

variation in weight-for-age is explained by the independent variables and the following 

are all individually statistically significant at the 1% level: the child’s age, birth order, 

and delivery setting; the household’s family size, wealth, and type of caste or tribe; the 

father’s education level; the mother’s age at first birth, BMI, decision making power, 

education level, adoption of early breastfeeding, and utilization of ICDS program 

services for herself or her child; the state’s agricultural production per capita; and the 

availability of ICDS services in the community. A variable indicating family living 
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arrangements is also statistically significant at the 5% level, however variables indicating 

the child’s gender and type of place of residence are not statistically significant at any 

conventional alpha level. 

 In terms of the magnitude of impacts, household wealth and mother’s status—as 

indicated by both health and education—appear to be the most substantive within this 

model. Once mother’s status and other relevant variables are controlled for, a one 

standard deviation increase in a household’s wealth factor score is associated with a .204 

standard deviation increase in the child’s weight-for-age score. This impact of household 

wealth is much smaller than that observed in any of the previous models, however it is 

still quite large relative to the effects of other variables. A one standard deviation increase 

in mother’s BMI is similarly associated with a .204 standard deviation increase in the 

child’s weight-for-age score. 

 In a population characterized by low levels of female education—the mean years 

of schooling for mothers is five and nearly 40% of the sample has zero years—there are 

strong theoretical and empirical reasons for inferring that the relationship between 

mother’s education and child malnutrition is non-linear. In particular, it is likely that the 

impact of an additional year of schooling is not uniform across all education levels. The 

data seem to bear this out, once dummy variables are used to assess the impact of 

mother’s education on child nutrition. Specifically, all else constant, the children of 

mothers who have either some or complete secondary schooling have weight-for-age 

scores that are .147 and .204 standard deviations higher, respectively, than the children of 

mothers with no education, implying a nutrition premium to a secondary school degree. 

However, compared to the baseline of no maternal education, the effects of having a 
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mother with either some or complete primary education are fairly similar and each is 

associated with an approximately .080 standard deviation increase in the child’s weight-

for-age score. Finally, the largest impacts are detected for the children of mothers with at 

least some higher education, who have weight-for-age scores that are .253 standard 

deviations higher than the children of women with no education. 

Interestingly, and in keeping with earlier findings in the literature about the link 

between women’s status and child nutrition, the effects of maternal education are larger 

than those associated with paternal education. The independent effects of father’s 

education also decrease from model (4) to model (5), once mother’s education is 

controlled for separately. Compared to the baseline of no paternal education and holding 

all else constant, the weight-for-age score of a child with a father who has either some 

primary or some secondary education is .090 standard deviations higher, which is similar 

to the impacts of having a mother with either some or complete primary education. 

However, having a father with a complete secondary education or some higher education 

is only predicted to increase a child’s weight-for-age score by .139 or .162 standard 

deviations, respectively. 

The effects of maternal education and health on child nutrition also appear more 

substantive than the effects of other aspects of a mother’s status such as age at first birth 

or household decision making power. A one standard deviation increase in a mother’s age 

at first birth is associated with only a .034 standard deviation increase in her child’s 

weight-for-age score. Next, a one standard deviation increase in a mother’s score on the 

decision making power index is predicted to increase her child’s weight-for-age score by 

.018 standard deviations. However, in this last case it is important to point out that 
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mother’s decision making power is imperfectly measured by the index employed here. It 

therefore seems reasonable to conclude that a mother’s decision making power has a 

statistically significant, positive impact on child nutrition, but just how large of an impact 

is difficult to quantify. 

Community resources also appear to significantly and positively impact child 

nutrition within this model, however the size of these impacts are less once mother’s 

status is controlled for. Being born in an institutional setting is associated with only a 

.039 standard deviation increase in a child’s weight-for-age score in model (5), while 

living in a locality with an ICDS program center is associated with a .101 standard 

deviation increase in the same. The utilization of ICDS program services, used as a proxy 

for a child’s disease burden, conversely has a significant, negative impact on child 

nutrition. A child whose mother has utilized ICDS program services within the past 12 

months, either for herself or the child, has a weight-for-age score that is .055 standard 

deviations lower than that of a child whose mother has not utilized these services, a result 

similar to that obtained in models (3) and (4). 

While seemingly contradictory, one potential explanation for the positive impact 

of ICDS availability and the negative impact of ICDS usage—observed in all models—is 

that the availability of child and maternal nutrition services as provided by the ICDS 

positively impact health in the community in the long-term, however those utilizing the 

ICDS in the short-term are those who are least healthy and most in need of services. 

Ultimately, the performance of the ICDS program is an open question outside the scope 

of this paper and one that has been addressed by earlier researchers such as Lokshin et al. 

(2005). For the purposes of this analysis, it is enough to conclude that community 
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resources, in the form of the presence of public health institutions, appear to improve a 

child’s nutritional status, while disease burden, as measured by higher utilization of these 

services, appears to impair it. 

Next, the regression results show that the utilization of proper feeding practices, 

and in particular the adoption of early breastfeeding, significantly and positively impacts 

child nutrition, though the extent is less once controls for mother’s status are introduced 

in model (5). Specifically, a child who is breastfed within an hour after birth has a 

weight-for-age score that is .088 standard deviations higher than a child breastfed later or 

not at all. 

Food availability and intrafamilial competition also seem to matter in the fully 

specified model, though the effects are not particularly large nor are the differences from 

earlier models that marked. A one standard deviation increase in a state’s agricultural 

production per capita is associated with a .033 standard deviation increase in a child’s 

weight-for-age score. At the household level, a one unit increase in birth order is 

associated with a .023 standard deviation decrease in a child’s weight-for-age score, and 

adding one additional family member is associated with a .006 standard deviation 

decrease in the child’s weight-for-age. Or, in plain terms, children with many older 

siblings or in large families are generally worse fed than children with fewer older 

siblings or in smaller families. 

Finally, demographics remain a factor in nutrition outcomes, although to less of 

an extent than in earlier models with fewer controls. Once all other factors are held 

constant, there are no significant effects of gender or location (i.e., whether rural or 

urban) on child malnutrition. The coefficient on the family living arrangements variable 
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is statistically significant at the 5% level, but as indicated earlier, this result is not 

particularly meaningful given the fairly homogenous composition of the sample in this 

regard. Variables indicating the type of caste or tribe and the age of the child, however, 

remain highly statistically significant in model (5). Compared to children from other, 

more advantaged castes or tribes, a child from a scheduled caste or “other backward 

class” is predicted to have a weight-for-age score that is .110 or .075 standard deviations 

lower, respectively. Consistent with models (1) – (4), the results also indicate that a child 

from a scheduled tribe is expected to have a weight-for-age score that is .068 standard 

deviations higher than a child from one of the more advantaged castes or tribes. Lastly, 

the highly significant coefficient on the age variable, which has remained unchanged 

throughout all specifications, reveals that a one standard deviation increase in a child’s 

age is associated with a .153 standard deviation decrease in his weight-for-age score. 

These regression results clearly show that both economic and cultural factors 

impact children’s nutritional outcomes in India; however, they do not indicate which 

effect is larger in relative terms. Therefore, I re-ran the final model utilizing linear 

combinations of economic and cultural variables and standardized coefficients 

(reproduced in Table 3, below) and also conducted a series of F-tests for the equality of 

coefficients. This analysis reveals that: (1) the joint effect of economic factors is larger 

than the joint effect of cultural factors; (2) the individual effect of household wealth is 

larger than the joint effect of community resources; (3) the individual effect of household 

wealth is also larger than the joint effect of cultural factors; and (4) the joint effect of 

cultural factors is larger than the joint effect of community resources. In all cases, F-tests 
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show that the differences between coefficients are highly statistically significant with p-

values of approximately 0. 

 
 

TABLE 3. OLS REGRESSION RESULTS WITH LINEAR 
COMBINATIONS & STANDARDIZED COEFFICIENTS 

 

  WtForAge 
  Model (6) Model (7) 
Constant . *** . *** 
  (.058)   (.056)   
Age -.127 *** -.126 *** 
  (.000)   (.000)   
AgProdPerCapita .028 *** .036 *** 
  (.034)   (.034)   
BirthOrder -.031 *** -.031 *** 
  (.004)   (.004)   
FamilySize -.006   .002   
  (.002)   (.002)   
Female -.003   -.003   
  (.011)   (.011)   
ICDSUsed -.021 *** -.028 *** 
  (.013)   (.013)   
Married -.007   -.007   
  (.019)   (.019)   
OBC -.029 *** -.035 *** 
  (.015)   (.015)   
SchedCaste -.038 *** -.045 *** 
  (.018)   (.017)   
SchedTribe .015 *** .013 ** 
  (.020)   (.020)   
Rural .013 ** -.012 ** 
  (.015)   (.013)   
BreastfedFirstHour .026 *** .024 *** 
  (.015)   (.015)   
WealthScore .183 *** ---   
  (.010)      
CommunityResources .039 *** ---   
  (.010)       
FathSomePrimary .026 *** .028 *** 
  (.020)   (.020)   
FathSomeSecondary .049 *** .061 *** 
  (.017)   (.016)   
FathSecondary .019 *** .023 *** 
  (.043)   (.043)   
FathHigherEd .059 *** .076 *** 
  (.025)   (.024)   
MomStatus .151 *** .159 *** 
  (.001)   (.001)   
EconomicStatus ---   .163 *** 
      (.006)   
N 41,306   41,306   
R2 .1444   .1420   
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Notes:     
1) Standard errors are in parentheses 
2) Statistical significance is indicated by * for the 10% level, ** for the 5% level. and *** for the 1% level. 
 

While suggestive, these findings require several caveats. First, it is important to 

note that many of the factors influencing child nutrition are only imperfectly measured in 

this model, and as such these results may be partly due to the fact that my regression 

model contains a more precise measure of household wealth than it does of either 

community resources or mother’s status. Second, and as noted in Chapter 5, the 

household wealth variable also captures some aspect of community resources due to the 

inclusion of publicly provided infrastructure elements such as piped water and electricity 

within the wealth index. This makes it difficult to draw any meaningful conclusions about 

the relative importance of household and community resources in nutrition outcomes. 

Third, both cultural and economic factors influence malnutrition indirectly through 

multiple mechanisms such as the child’s disease burden, feeding practices, etc., as 

established in Chapter 3. Simple F-tests on linear combinations of economic and cultural 

variables therefore have limited utility because they cannot fully account for all of these 

indirect effects. Finally, it is also important to note that while an F-test reveals that the 

effect of economic status on child malnutrition is significantly larger than the effect of 

mother’s status in statistical terms, the standardized coefficients within model (7) reveal 

that the magnitude of the two effects are not entirely dissimilar. 
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Chapter 7.  Conclusions 

 
The findings of this paper weave together two disparate threads in the literature 

regarding economic development and malnutrition. First, and consistent with basic 

development theory, regression analysis shows that economic factors—at both the 

household and community level—are collectively the most important determinant of 

malnutrition in Indian children. However, and in keeping with the work of researchers 

such as Ramalingaswami et al. and Sen, cultural factors like the status of women also 

play a key role in determining nutrition outcomes. Multiple regression analysis 

additionally makes it clear that child malnutrition is indeed a complex phenomenon 

influenced through multiple channels, including but not limited to: food availability, 

intrafamilial competition, disease burden, feeding practices, and demographics. 

The two major implications of this study for nutrition and development policy in 

India are that: (1) increasing the economic resources of poor households is an important 

first step in combating malnutrition; and (2) targeting interventions to mothers may be the 

most appropriate way to address child malnutrition. Specifically, my results suggest that 

economic interventions at the household level, as well as those designed to improve the 

health, education, and decision-making power of women, would likely generate positive 

benefits in terms of child health. 

My findings also suggest several areas in which future research may be 

warranted. For example, while clearly outside the scope of this study, it would be useful 

to identify which groups have been excluded from the gains of economic growth in India, 

in order to most effectively target any income transfers as well as steer future 

development policy in the country. There is also a clear need for more research regarding 
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the effectiveness of the ICDS program and of other public health institutions in 

addressing child malnutrition. While some studies have already been conducted on this 

topic, more and better data are essential in order to improve these programs and also to 

identify opportunities for increased public investment. 
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Appendix 1.  Derivation of Variables 

 
Wealth index The specific household assets and dwelling characteristics used by NFHS-3 to derive the 

wealth index were as follows: 

Household electrification; type of windows; drinking water source; type of toilet 
facility; type of flooring; material of exterior walls; type of roofing; cooking fuel used; 
house ownership; number of members per sleeping room; ownership of bank or post 
office account; and ownership of a mattress, a pressure cooker, a chair, a cot/bed, a 
table, an electric fan, a radio/transistor, a black and white television, a color television, a 
sewing machine, a mobile phone, any other telephone, a computer, a refrigerator, a 
watch or clock, a bicycle, a motorcycle or scooter, an animal-drawn cart, a car, a water 
pump, a thresher, and a tractor. 

Mother’s 
decision 
making 
power index 

NFHS-3 female respondents were asked to identify who within the household has the final 
say in terms of: (1) the mother’s own health care, (2) making large household purchases, 
(3) making household purchases for daily needs, (4) visits to family or relatives, (5) 
deciding what to do with money the father earns, and (6) deciding how the money earned 
by the mother is used, if applicable. Possible responses to these questions within the survey 
were: (1) the respondent alone, (2) the respondent and her partner, (3) her partner alone, (4) 
someone else, or (5) other. For the purposes of creating the index variable, I granted 
women two points if they answered that they made the decision in question alone, one point 
if they answered that they shared decision making with their partner, and zero points for 
any other response. I then summed points across all questions for each mother to determine 
her overall decision making power index score. (Note that respondents’ answers to the sixth 
question were included in the index calculation only for those women with independent 
income.) Values for the resulting index range from 0 (the mother has no say in any 
household decisions) to 12 (the mother is the sole decider in all decisions). 

Agricultural 
production 

Foodgrain production by state in 2005-06 (approximately the same period in which NFHS-
3 was administered) was obtained for each state from the Indiastat (2009) database. 
Population by state in 2001 (the date of the most recent census) was obtained from the 
Government of India’s Office of the Registrar General and Census Commissioner (2001). 
Using these data, I divided the total foodgrain production, in metric tons, by the total 
population in order to obtain the foodgrain production per capita for each state. I then 
incorporated this variable with the NFHS-3 data using existing markers identifying each 
respondent’s state of residence. 

Onset of 
breastfeeding 

Surveyed mothers were asked how soon after birth they first breastfed their child, and 
responses were coded differently depending on whether the answer was given in hours or in 
days. In order to create the onset of breastfeeding dummy, I first recoded all responses 
indicating that the child was breastfed immediately or within the first hour as ones and all 
responses indicating that the child began breastfeeding later as zeroes. A separate variable 
on the duration of breastfeeding revealed that 1,035 children (or roughly 2.5% of the 
sample) were reported by their mothers as never breastfed, so these observations were also 
recoded as zeroes. After the initial round of recoding, however, there were still 10,614 
observations, or 25.7% of the sample, with missing data regarding the onset of 
breastfeeding. Therefore, I utilized the following regression model to impute the missing 
values for all 10,614 observations:  

 

BreastfedFirstHour = β0 + β1WtForAge + β2BirthOrder + β3MothersStatus +
β4Family Re sources + β5Demographics + β6InstDelivery + β7HeardOfOR +
β8HealthCard + β9ICDSUsedP + ε

 

The initial variables utilized in this model have also been utilized in this paper’s main 
regression models and accordingly have already been described in detail. However, the last 
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three were obtained and recoded from the NFHS-3 raw data file explicitly for this purpose 
and contain information on the mother’s health awareness and behavior. The first indicates 
whether the mother is familiar with oral rehydration therapy (the recommended treatment 
for diarrhea in children); the second indicates whether the mother is in possession of a 
health card detailing her child’s vaccination and other health history; and the third indicates 
whether the mother utilized ICDS program services during pregnancy. These three 
variables themselves contained a small amount of missing data (less than 1% of the sample 
in each case), which were imputed using the mean values for the sample. Full regression 
results for the underlying model can also be found in Appendix 2. 
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Appendix 2.  Supplementary Tables 

 
 

TABLE 4. VARIABLE DESCRIPTIVE STATISTICS 
 

Variable Name # Observations Mean Std. Deviation   
  
  
  
  
  
  
  
  
  

   

WtForAge 41,306 -1.610 1.250 
Age 41,306 30.112 16.954 
AgProdPerCapita 41,306 .212 .167 
BirthOrder 41,306 2.618 1.796 
FamilySize 41,306 6.778 3.150 
FathEducYrs 40,829 7.077 5.088 
MomAge 41,306 20.022 3.808 
MomBMI 41,055 20.364 3.457 
MomDecision 40,506 4.043 2.543 
MomEducYrs 41,306 5.156 5.093 
WealthScore 41,306 -.214 .948 
  

Variable Name # Observations Mean % 0 (no) % 1 (yes) 
BreastfedFirstHour 30,692 .309 69.05% 30.95% 
FathNoEduc 40,829 .232 76.82% 23.18% 
FathSomePrimary 40,829 .149 85.13% 14.87% 
FathSomeSecondary 40,829 .476 52.45% 47.55% 
FathSecondary 40,829 .019 98.08% 1.92% 
FathHigherEd 40,829 .125 87.52% 12.48% 
Female 41,306 .480 51.96% 48.04% 
ICDSAvail 41,300 .750 25.03% 74.97% 
ICDSUsed 41,212 .290 71.01% 28.99% 
InstDelivery 41,292 .450 55.05% 44.95% 
Married 41,278 .898 10.19% 89.81% 
MomNoEduc 41,306 .399 60.10% 39.90% 
MomSomePrimary 41,306 .078 92.50% 7.75% 
MomPrimary 41,306 .069 93.15% 6.85% 
MomSomeSecondary 41,306 .327 67.35% 32.65% 
MomSecondary 41,306 .052 94.84% 5.16% 
MomHigherEd 41,306 .077 92.33% 7.67% 
OBC 39,527 .341 65.86% 34.14% 
OtherCaste 39,527 .308 69.17% 30.83% 
SchedCaste 39,527 .185 81.54% 18.46% 
SchedTribe 39,527 .166 83.43% 16.57% 
Rural 41,306 .631 36.90% 63.10% 
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TABLE 5. REGRESSION RESULTS 
FOR IMPUTATIONS 

 

  BreastfedFirstHour 
Constant .040   
  (.026)   
WtForAge .010 *** 
  (.002)   
BirthOrder .0001   
  (.002)   
MomAge .004 *** 
  (.001)   
MomBMI -.002 *** 
  (.001)   
MomDecision .012 *** 
  (.001)   
WealthScore -.016 *** 
  (.005)   
Married .044 *** 
  (.008)   
MomSomePrimary .101 *** 
  (.011)   
MomPrimary .049 *** 
  (.011)   
MomSomeSecondary .112 *** 
  (.008)   
MomSecondary .102 *** 
  (.014)   
MomHigherEd .090 *** 
  (.013)   
OBC -.024 *** 
  (.007)   
SchedCaste -.002   
  (.008)   
SchedTribe .150 *** 
  (.009)   
Rural .001   
  (.007)   
InstDelivery .066 *** 
  (.007)   
HeardOfOR .028 *** 
  (.006)   
HealthCard .027 *** 

  (.006)   
ICDSUsedP .055 *** 
  (.007)   
N 30,692   
R2 .0545   

 

Notes:     
1) Standard errors are in parentheses 
2) Statistical significance is indicated by * for the 10% level, ** for the 5% level. and *** for the 1% level. 
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