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ABSTRACT 

Over the past two decades, many developing countries have achieved remarkable progress in 
improving dietary quality and reducing child-stunting rates. But our understanding of the linkages 
between food expenditures, dietary quality, and nutritional outcomes is limited. Using data from 
the 1995–1996 and 2010–2011 rounds of the Nepal Living Standards Survey, we study the 
empirical connections between household food expenditure and nutrition outcomes of children 
below the age of five years using multilevel and dose-response function approaches. We also 
examine the effects of dietary quality changes on child nutrition improvement between 1995 and 
2011 employing Blinder–Oaxaca decomposition. We find that number of food groups consumed, 
monthly food expenditure, dietary diversity, and the expenditure shares on fruits and vegetables 
and animal protein have a positive impact on the expected height-for-age Z-scores. The dietary 
changes explain about 71 percent of the improvement in those scores between 1995 and 2011, 
underscoring the importance of dietary quantity, dietary diversity, and nutrient-dense food items 
for child nutrition outcomes. 
 
Keywords:  food expenditure, child nutrition, household, impact, Nepal 
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1.  INTRODUCTION 

Undernutrition is an overarching issue in developing countries. About 35 percent of children 

under five years of age in Africa are stunted, and in Asia that figure is 36 percent (UNICEF 

2016). Undernutrition to such degree has serious consequences on individuals’ long-term 

productivity and on a country’s overall economic development (Mankew, Romer, and Weil 1992; 

Jo and Dercon 2012; Horton and Steckel 2013). According to the Institute of Development 

Studies (2013), stunted children are twice as likely to die as nonstunted children. Each year, about 

2.9 million children under five die in the world due to undernutrition, which accounts for almost 

half of all under-five deaths (You et al. 2015). Such suffering and loss can be prevented through 

the consumption of a high-quality diet (Sari et al. 2010; Campbell et al. 2010; Mauludyani, 

Fahmida, and Santika 2014; IFPRI 2016a; Humphries et al. 2017).1 

We developed a case study from Nepal, a poor developing country from South Asia, to 

estimate the impact of household's dietary quality and quantity on the long-term child nutrition 

outcomes, i.e. measured by the Height-for-Age Z-score (HAZ).2 Nepal provides an interesting 

opportunity to study dietary quality and child malnutrition issues for several reasons. Nepal is 

representative of the overall global nutrition challenge with a child stunting rate (below five years 

of age) of about 41 percent (Nepal, Ministry of Health and Population 2012). About 54 percent of 

Nepal’s total population faced chronic food insecurity in 2014 (FAO 2016). Nepal’s score on the 

Global Hunger Index of 21.9 indicates serious food insecurity (IFPRI 2016b). Although Nepal 

still has an unacceptable rate of child malnutrition, the country’s stunting rate fell by 10 percent 

between 1995 and 2011 (Nepal, Central Bureau of Statistics 1996, 2011). Moreover, there has 

                                                      
1Nutritionists define a high-quality diet as one with a higher dietary diversity (DD), or a diet rich in nutrient-dense 

foods such as vegetables, fruits, and animal-sourced foods.  
2For detailed explanation on HAZ and how it is calculated, please refer to WHO standard (WHO, 1995). We have 

information only on the monthly household expenditure for and consumption of various food items. In Nepal, a 
household prepares a common meal for a family. Thus, whatever food eaten by adult household members is also being 
shared with their children. Given Nepal’s overwhelmingly high proportion (41 percent) of stunting in 2011, we focus 
on the HAZ. 
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been a significant dietary transition in Nepal. Figure 1.1 shows the distributions of the share of 

expenditure on cereals and of HAZs in 1995 and 2011. One sees a significant leftward shift in the 

distribution of the cereals expenditure share and a rightward shift in the distribution of the HAZs, 

illustrating a reduction in the cereals expenditure share and an improvement of child nutrition 

outcomes across time. This indicates that improvement in dietary quality (shown by the reduction 

of nonstaples in the diet) can be one of the factors influencing the recent improvement of HAZs 

and the decline of stunting in Nepal. 

Figure 1.1 Distribution of cereals expenditure share and HAZ in 1995 and 2011 

 
Source:  Nepal, Central Bureau of Statistics 1996, 2011. 

There are several studies on dietary quality and its effect on child nutrition outcomes. 

Dietary diversity (DD) is positively associated with child nutrition outcomes (Ruel and Menon 

2002; Arimond and Ruel 2004; Arimond et al. 2010; Disha et al. 2012; Ruel, Harris, and 

Cunningham 2012; Bhutta et al. 2013), adequate nutrient intakes (Hatløy, Torheim, and Oshaug 

1998; Tarini, Bakari, and Delisle 1999; Rose et al. 2002; Kant 2004; Steyn et al. 2006; Kumar et 
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al. 2016), reduced mortality rate (Bernstein et al. 2002; Lee, Huang, and Wahlqvist 2010; 

Marshall et al. 2001), and increased birthweight (Rao et al. 2001). All of these studies suggest the 

importance of diet on child nutrition and health. However, studies assessing the impact of 

household dietary quality (focusing, for example, on the expenditure shares of cereals, fruits and 

vegetables, animal proteins, and plant proteins) on child nutrition outcomes are limited (Torlesse, 

Kiess, and Bloem 2003; Campbell et al. 2010; Sari et al. 2010; Humphries et al. 2017). Although 

Headey, Hoddinott, and Park (2017), Cunningham et al. (2017), and Headey and Hoddinott 

(2015) studied the contribution of various factors on the improvement of child nutrition outcomes 

between 1995 and 2011 in Nepal, the role of household dietary quality has not been assessed. 

Shively and Sununtnasuk (2015) studied the correlation between HAZ and the number of food 

groups consumed by children below five years of age failing to account the different food 

expenditure shares. Humphries et al. (2017) studied the association between household 

expenditures on food and child growth outcomes using data from Ethiopia, India, Vietnam, and 

Peru. However, that study controlled only for child age and sex and household location (rural or 

urban), raising the strong possibility of omitted-variable bias and potential model mis-

specification. We address the gap in the literature by estimating the impact of dietary quality 

(proxied by the number of food varieties and food groups consumed by the household, and by the 

household’s monthly expenditure shares going to cereals, fruits and vegetables, animal proteins, 

and pulses) and quantity (proxied by the household’s monthly food expenditure) on HAZ and the 

stunting probability of children below five years of age.3 We also decompose household dietary 

quality to explain how its various composition explain the improvement in child nutrition 

outcomes in Nepal between 1995 and 2011.  

A household’s expenditures on and consumption of different food groups and food 

varieties may depend on various observed and unobserved factors, which may also influence 

                                                      
3Indicators of dietary quality are discussed in depth in the section “Dietary Quality Indicators.” 
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child nutrition outcomes. We address the endogeneity problem by using a dose-response function 

(DRF) approach. In another innovation we use a multilevel regression model that controls for 

child, household, community, and district characteristics. In doing so we account for the rich 

heterogeneity in the data. To decompose the contribution of dietary quality to nutrition 

improvement between 1995 and 2011, we use the Blinder–Oaxaca method (Oaxaca 1973; Blinder 

1973). We assess the robustness of our results using the quantile regression technique and 

conducting separate regressions based on farm size and household location (rural/urban). Our 

findings have important implications for promoting dietary quality and improving child nutrition 

and food security in the country. To our knowledge, this is the first empirical study assessing the 

effects of dietary quality on child nutrition outcomes in Nepal. 

The paper is organized as follows. In section 2 we describe our data sources and sample 

size. Section 3 presents the conceptual framework. A fourth section discusses methodology, and a 

fifth presents and discusses the results. Finally, in section 6 we conclude and offer policy 

recommendations. 
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2.  DATA 

The data for our study come from two rounds of the Nepal Living Standards Survey (NLSS) 

conducted by Nepal’s Central Bureau of Statistics (CBS) in 1995–1996 and 2010–2011. The CBS 

used a two-stage stratified random sampling technique to select the samples. The surveys’ 

household questionnaire collected information on socioeconomic and agricultural characteristics, 

including health and child anthropometric data. The CBS surveyed a total of 8,399 households in 

the two rounds—2,411 households in 1995–1996 and 5,988 households in 2010–2011.We 

extracted nutrition data for children below the age of five years from the anthropometric 

information given in the two rounds of the NLSS. In total, we use 3,859 children for the analysis: 

1,501 children sampled in 1995–1996 and 2,358 children sampled in 2010–2011. We compiled 

road network data from Nepal’s Department of Roads. For our analysis we use information on the 

total length (kilometers) of earthen road, gravel road, and blacktop road in a district. 
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3.  CONCEPTUAL FRAMEWORK 

Our conceptual framework is based on the work of Smith and Haddad (2000). First of all, 

children’s nutritional outcomes are influenced by immediate determinants—that is, child 

characteristics. Immediate determinants are themselves influenced by underlying determinants—

that is, household and community characteristics. Finally, underlying determinants are themselves 

influenced by basic determinants—that is, district characteristics. This constitutes the multilevel 

approach (also called a hierarchical model) that we adopted in the econometric model. 

Our framework is based on a multimember household economic model. Each household 

is composed of a mother (i = M), other adults (i = 1 … A), and one or more children 

(i = 1, … Ch). The household maximizes the utility of each household member (Ui), thus 

maximizing the total household welfare.4 The household welfare function is represented as 

 WH = W�UM, U1, … Uad
A , U1, … Uch

C ; β�β = �βM, β1, … βad
A �, (1) 

where 𝛽𝛽 indicates household member status that influences the household decision-making 

process. The utility function for each household member can be expressed as 

 Ui = U(N, H, F, F0, TL) i = 1, … , n = 1 + A + Ch, (2) 

where each household member derives utility from his or her nutritional outcomes (N), from the 

consumption of own-foods produced by the household (H) and food purchased from the market 

(F), from consumption of nonfood items (𝐹𝐹0), and from the time allocated to leisure (𝑇𝑇𝐿𝐿). We 

consider the nutrition outcome as a household-produced good that depends on various factors 

such as consumption, good health care, and so on. We assume that the household utility is an 

additive function. Since we are interested in the nutrition production function for children, the 

nutrition function for a child i is expressed as follows: 

                                                      
4The welfare function takes into account the welfare (utility) of each member of the household. Since we assume 

this as an additive function and we are interested in maximizing household welfare through indirectly improving the 
nutritional outcomes of the children, we ultimately model the child nutrition outcomes. 
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 Nc
i = N�Ei, Hi, Fi, F0i  ; Ki, H0

i , Ωc, Ωd�, i = 1, … , Ch, (3) 

where 𝐸𝐸𝑖𝑖 is the care received by the ith child; 𝐻𝐻𝑖𝑖 is the quantity of food consumed by the 

household from own production; 𝐹𝐹𝑖𝑖 is the quantity of purchased food consumed by the 

household; 𝐹𝐹0𝑖𝑖indicates nonfood items; 𝛫𝛫𝑖𝑖 represents child characteristics (age, sex, and so on); 

𝐻𝐻0𝑖𝑖  represents household characteristics; and 𝛺𝛺𝑐𝑐  and 𝛺𝛺𝑑𝑑 represent community and district 

characteristics, respectively. Since DD is found to well represent per capita consumption 

(Hoddinott and Yohannes 2002) and nutrient adequacy (Steyn et al. 2006; Kant 2004; Rose et al. 

2002), we replace 𝐻𝐻𝑖𝑖 and 𝐹𝐹𝑖𝑖 with 𝐷𝐷𝑖𝑖 as follows: 

 Nc
i = N�Ei, Di, F0i  ; Ki, H0

i , Ωc, Ωd�, i = 1, … , Ch, (4) 

where 𝐷𝐷𝑖𝑖 is an indicator of DD that is expected to influence child nutrition outcomes. We use the 

Simpson index (SI), the total number of food varieties consumed and the expenditure shares for 

different food groups, as an indicator of DD.5 We expect the partial derivative �𝑑𝑑𝑁𝑁𝑐𝑐
𝑖𝑖

𝑑𝑑𝐷𝐷𝑖𝑖
� of child 

nutrition outcomes with the SI to be strictly positive. However, we expect the partial derivative of 

child nutrition outcomes with respect to the total number of food varieties consumed/expenditure 

share of food groups to be either negative or positive depending on the types of food consumed. 

The child’s care (𝐸𝐸𝑖𝑖) is an endogenous variable and expected to be influenced by household 

poverty status (𝑃𝑃0), mother’s education (M), time allocated for care of children (𝑇𝑇𝑐𝑐), and ethnicity 

(ξ). The child’s care function is expressed as  

 Ei = C�P0, M, Tci, ξ�, i = 1 … Ch. (5) 

All households maximize utility with respect to budget and time constraints. The budget 

constraint is expressed as follows: 

 PH + RF + P′F0 = wL + Y, (6) 

                                                      
5Food varieties constitute the types of food consumed such as rice, wheat, maize, tomato, milk etc. While food 

group constitute the cereals, proteins, vegetables, fruits etc. 
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where 𝑃𝑃 is the price of household-produced food, 𝑅𝑅 is the price of purchased food, and 𝑃𝑃′ is the 

price of nonfood items. The household sells labor (𝐿𝐿) at the wage rate of 𝑤𝑤. Here 𝐿𝐿 is the total 

time allocated for labor. The household also receives its exogenous income (𝑌𝑌) from remittances, 

transfers, and so forth. In addition to the budget constraint, households also face a time constraint 

as follows: 

 L = T − Tc − Th − TL, (7) 

where the household allocates its total time (𝑇𝑇, say 24 hours per day) for child care (𝑇𝑇𝑐𝑐), 

household work (𝑇𝑇ℎ), leisure (𝑇𝑇𝐿𝐿), and labor (𝐿𝐿). The following reduced-form equation can be 

obtained once the household maximizes total welfare (Equation [1]) with respect to (2), (3), (4), 

(5), (6), and (7): 

 Nc
i∗ = �β, Ki, M, P0, ξ, Hi, Ωc, Ωd,P, R, P′, w, Y, T�  i = 1, … Ch. (8) 

In estimating Equation (8), we focus on examining the relationship between the child nutrition 

outcome and various DD indicators. 
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4.  METHODOLOGY 

Dietary Quality Indicators 
The literature reveals various indicators of DD ranging from simple counts of food varieties or 

groups consumed by the households in addition to the types and frequency of foods consumed by 

each household member. The NLSSs collect detailed information on food expenditures and home 

production, including the types and quantities of food purchased, expenditure, household 

consumption, and values of household consumption in a typical month. Since we have no 

information on the quantities of food each individual in the household consumes (or the 

frequencies with which food is consumed), we rely on using a count of the number of food items 

and number of food groups consumed by the household and the Simpson index constructed using 

the share of household expenditure going to food items.  

When calculating food expenditure shares, we account for the value of food consumed at 

home as well as food purchased from markets. Recent studies have used the shares of food 

expenses going to different food groups as an indicator of DD (Karamba, Quiñones, and Winters 

2011; Nguyen and Winters 2011; Sharma and Chandrasekhar 2016). Past studies (Kant 1996; 

Hatløy, Torheim, and Oshaug 1998; Ogle, Hung, and Tuyet 2001; Hoddinott and Yohannes 2002) 

used individual foods as well as the food groups to assess DD. We computed the DD variable 

using expenditure shares on 11 food groups (cereals, legumes/pulses, eggs, milk/milk products, 

fat/oil, vegetables, fruits, fish, meat, spices/condiments, and sugar/sugar products). We computed 

the SI as follows: 1 − ∑ 𝑠𝑠𝑖𝑖211
𝑖𝑖 , where 𝑠𝑠𝑖𝑖 is the share of expenditure on different food subgroups 

(i = 1….11). The SI accounts for both richness (number of foods) and evenness (distribution of 

food expenditure share). The index lies between 0 and 1, where a value of zero suggests that a 

household has consumed only one food item and a value of one indicates the equal distribution of 

expenditure share among all food items. We consider the SI, the household’s monthly food 

expenditure and the shares devoted to cereals, fruits and vegetables, animal protein, and pulses, 
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and the total number of food varieties and total number of food groups consumed by the 

household in a typical month as indications of DD for the further analysis. 

Empirical Framework 

Multilevel Model 
We employ a multilevel model to study the effects of DD on long-term child nutrition outcomes 

(HAZ). We consider four levels—child (the unit of analysis), household (second level), 

community (third level), and district (fourth level). Our sample comprises 73 districts, 749 

communities, 3,000 households, and 3,859 children. The child nutrition patterns of households 

from the same community can be correlated with each other, as they are likely to share similar 

food prices, wage rates, market accessibility, and agricultural characteristics. Similarly, 

communities from the same district share similar district characteristics such as agroecology, 

infrastructure, and so on. For such hierarchical data, the multilevel model takes into account the 

effects arising from the higher levels. The important assumption here is that the higher-level 

variables (household, community, and district levels) explain the significant variation at the lower 

level (children). This is captured by the intraclass correlation coefficients, which we report in a 

later section. The full model can be expressed as follows: 

 𝑁𝑁ijkl = β0000 + β1jkl(Y2011) +  ∑ βp,jkl
P
p=2 Cp,jkl + ∑ β0,ckl

Cp
c=1 Hc,jkl +

∑ β0,owl
Wcp
w=1 Qw,jkl +  ∑ β000t

Tpcw
 t=1 Dt,jkl  + (γ000l + γ00kl + γ0jkl + eijkl), 

(9) 

where 𝑁𝑁ijkl is the long-term child nutrition outcome of the ith child from the jth household 

belonging to the kth community from the lth district. 𝑌𝑌2011 is a dummy variable representing 1 if 

the child was surveyed in 2010–2011 and 0 if surveyed in 1995–1996. 𝐶𝐶𝑝𝑝,𝑗𝑗𝑗𝑗𝑗𝑗  represents the child-

level characteristics, 𝐻𝐻𝑐𝑐,𝑗𝑗𝑗𝑗𝑗𝑗 represents the household-level characteristics, 𝑄𝑄𝑤𝑤,𝑗𝑗𝑗𝑗𝑗𝑗  represents the 

community-level characteristics, and 𝐷𝐷𝑡𝑡,𝑗𝑗𝑗𝑗𝑗𝑗 represents the district-level characteristics. γ000l is the 

error term at the district level, γ00kl is the error term at the community level, γ0jkl is the error term 
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at the household level, and eijkl is the error term at the child level. All error terms are assumed to 

be independently and identically distributed, and error terms at one level do not interact with error 

terms at another level. 

We also calculate the intraclass correlation coefficients for the household, community, and 

district levels, respectively. Denoting the variance of eijkl as 𝜎𝜎2, γ0jkl as 𝜎𝜎𝑢𝑢2, γ00kl as 𝜎𝜎𝑣𝑣2, and 

γ000l as 𝜎𝜎𝑠𝑠2, the percentage of variation at the child level explained by the higher levels 

(household, community, and district) can be calculated as follows: 

 
ρh =

σu2

σ2 + σu2 + σv2 + σs2
 (10) 

 
ρc =

σv2

σ2 + σu2 + σv2 + σs2
 (11) 

 ρd = σs2

σ2+σu2+σv2+σs2
, (12) 

where 𝜌𝜌ℎ, 𝜌𝜌𝑐𝑐, and 𝜌𝜌𝑑𝑑 denote the intraclass correlation coefficients for the household, community, 

and the district levels, respectively. The proportion of the variance explained in the first level can 

be calculated as follows: (1− 𝜌𝜌ℎ − 𝜌𝜌𝑐𝑐 − 𝜌𝜌𝑑𝑑). 

DRF Approach 
We consider number of food varieties and food groups consumed and the expenditure shares 

going to fruits and vegetables, animal proteins, pulses, and cereals as treatment variables. The 

outcome of interest is the HAZ, and the probability of stunting. Since all of our treatment 

variables are continuous, we use the DRF approach to estimate the causal effect of DD on the 

child nutrition outcome. 

We implement the DRF approach as proposed by Hirano and Imbens (2004). Here we 

briefly discuss the basic ideas of the DRF approach. First, we estimate the generalized propensity 

score (GPS) at a given level of treatment and observed pretreatment covariates using a flexible 

parametric approach. These pretreatment covariates are expected to significantly influence DD. 
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The treatment is assumed to follow a normal distribution given the covariates.6 The GPS is 

simply the conditional density of the treatment calculated using the pretreatment covariates. We 

test the balancing property of the GPS to make sure that the bias associated with the differences 

in the observed covariates is removed. 

Once the GPS is estimated and the balancing property is checked, we need to estimate the 

conditional expectation of the outcome (𝐸𝐸[𝑌𝑌𝑖𝑖|𝑡𝑡𝑖𝑖 , 𝑟𝑟𝑖𝑖]) given the treatment (𝑡𝑡) and GPS (indicated as 

𝑟𝑟). This is a flexible function of the treatment and GPS. We use a quadratic approximation as 

follows: 

  E[Yi|ti, ri] =  b0 + b1ti + b2ri + b3ti2 +  b4ri2 +  b5ri×ti. (13) 
 

 

Once the parameters from Equation (13) are estimated, we then estimate the DRF to examine 

treatment effects as well as the 95 percent confidence interval. The average potential outcome 

(μ�(𝑡𝑡)) is estimated as 

 

 
μ�(t) = E�[Yi] = 1

N
∑ �b�0 + b�1t + b�2rı� + b�3t2 + b�4rı�

2 + b�5rı�×t�N
i=1 . (14) 

Equation (14) provides the entire DRF that is mean-weighted by each different calculated r, 

associated with specific treatment 𝑡𝑡. The standard error and the 95 percent confidence interval are 

computed using a bootstrapping technique accounting for the estimation of the GPS and the beta 

parameters. Finally, we compute a nonconstant marginal effect of treatment on the 

treated (θ�(𝑡𝑡)) by subtracting the average potential outcome with the benchmark treatment level, 

considered as the lowest treatment level ( �̃�𝑡) observed in the data as follows:  

 θ�(t) = μ�(t) − μ�(t̃)∀tϵT. (15) 

All of the analyses are conducted using the “gp score” and “dose response” functions command 

in Stata 13. 

                                                      
6While the parametric model assumes a normal distribution, the actual distribution may not be normal. One can 

apply other transformations such as logarithm. 
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Blinder–Oaxaca Decomposition Technique  

The Blinder–Oaxaca decomposition technique has been widely used in the study of labor market 

discrimination (Blinder 1973; Oaxaca 1973). Economists and sociologists have used the approach 

to decompose wage and earning differences based on gender and race (Darity, Guilkey, and 

Winfrey 1996; Kim 2010; Stanley and Jarrell 1998). Researchers also have used the approach to 

decompose factors that are important in explaining nutrition improvement across time (Headey 

and Hoddinott 2015). The Blinder–Oaxaca decomposition approach explains what proportion of 

the difference in mean outcomes between two groups is due to group differences explained by the 

explanatory variables and what proportion is due to the differences in the magnitude of regression 

coefficients (Oaxaca 1973; Blinder 1973). We use the twofold decomposition approach that 

yields the mean outcomes for each group, the difference in mean outcomes across two groups, 

and the parts of the differences that are explained and unexplained by the explanatory variables. 

We have the two groups: children sampled in 1995–1996 (group A) and the children sampled in 

2010–2011 (group B). The outcome of interest is the HAZ. The mean outcome difference to be 

explained is the difference in the mean outcomes for children sampled in 1995–1996 and children 

sampled in 2010–2011, denoted as ∆𝐻𝐻𝐻𝐻𝐻𝐻������𝐴𝐴and ∆𝐻𝐻𝐻𝐻𝐻𝐻������𝐵𝐵, respectively: 

 ∆𝐻𝐻𝐻𝐻𝐻𝐻������ = 𝐻𝐻𝐻𝐻𝐻𝐻������𝐴𝐴 − 𝐻𝐻𝐻𝐻𝐻𝐻������𝐵𝐵. (16) 

We are interested in assessing the role the dietary quality variables play in explaining nutritional 

improvement between 1995 and 2011. 
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5.  RESULTS 

Effect of Dietary Quality on Child Nutrition Outcomes 
Before conducting the empirical analysis, we explore the relationship between the indicators of 

dietary diversity and HAZ (Figure 5.1). We observe a positive relationship between HAZ and DD 

(SI and the number of food varieties consumed) suggesting that an increase in DD is correlated 

with an increase in child nutrition outcome. Child nutrition outcomes may also depend on the 

household dietary composition. Figure 5.2 plots the relationship between dietary quality and 

HAZ. We observe an interesting pattern. Households with a higher cereals expenditure share have 

poorer child nutrition outcomes, while households with a higher expenditure share going to 

nonstaple foods (fruits and vegetables, animal products, and pulses) have improved child nutrition 

outcomes. 

Figure 5.1 HAZ and dietary diversity, Nepal 

 

Source:  Nepal, Central Bureau of Statistics, 2011. 
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Figure 5.2 HAZ and expenditure shares of major food items consumed in Nepal 

 

Source:  Nepal, Central Bureau of Statistics, 2011. 

There may exist a differential treatment impact of dietary quality on HAZ for children of 

different age groups. In fact, it is well established that proper nourishment during a child’s first 

1,000 days (including from the day of conception) is critical for the child’s growth and 

development. Therefore, we also separately assess the effect of DD (SI) on HAZ for children 

during their first 1,000 days of growth and for children older than 1,000 days. Figure 5.3 shows 

the positive relationship between DD and HAZ for both age categories. We also visualize the 

relationship between dietary quality and child nutrition outcomes for different farm sizes using a 

simple nonparametric regression, m(x)=E(y|x), that is, a LOWESS estimator with a bandwidth of 

0.8 and used a tricube weighting function. In Figure 5.4, y is the HAZ and x is the SI. We observe 

an interesting pattern. For the small-sized farm, an increase in DD is associated with an increased 

HAZ for the entire range of the SI. However, for the rest of the farm sizes, the HAZ increases 

only after an SI of 0.6. 
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Figure 5.3 HAZ and dietary quality for children of different age groups (up to 1,000 days 
and greater than 1,000 days), Nepal 

 

Source:  Nepal, Central Bureau of Statistics, 1996, 2011. 
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Figure 5.4 Nonparametric regression showing the relationship between HAZ and dietary 
diversity (Simpson index) based on farm size 

Source:  Nepal, Central Bureau of Statistics, 2011. 

The nonparametric approach helps us to understand the general pattern between HAZ and 

variables related to diet. However, we require a parametric approach that controls for 

confounding factors (variables that also influence child nutrition outcomes) as well. Thus we 

employ a multilevel model that controls for child, household, community, and district 

characteristics. Although we incorporate various confounding factors into the multilevel model, 

the effects of DD on HAZ cannot be claimed to be causal. To estimate the impact of DD on HAZ, 

we rely on the DRF model. 

Descriptive Results 
Table 5.1 provides the summary statistics of the variables used in the empirical analysis. Our 

dependent variables are the HAZ (continuous variable) and the indicators of whether the child is 
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stunted or severely stunted (binary variables). The average HAZ improved by 27 percent (from -

2.076 to -1.521) between 1995–1996 and 2010–2011. Similarly, the proportions of child stunting 

and severe stunting fell by about 15 percent during the study period. The explanatory variables of 

interest in our study are indicators of dietary quality and quantity: SI, total number of food 

varieties consumed, total number of food groups consumed, monthly food expenditure (Rs), and 

expenditure share on fruits and vegetables, animal protein, and cereals. The SI and the number of 

food varieties and groups consumed increased between 1995–1996 and 2010–2011, showing 

improvement in dietary diversification. Figure A.1 shows the histogram plot for the number of 

food varieties consumed in a sample. The plot clearly shows that consumption of food varieties is 

well dispersed and tends to follow the normal distribution. The monthly food expenditure 

increased from Rs 3,727.65 to Rs 1,0943.48 between 1995–1996 and 2010–2011. While the 

expenditure share for cereals decreased from 55 percent to 39 percent, the expenditure shares for 

fruits and vegetables, animal protein, and pulses increased from 13 percent to 17 percent, 15 

percent to 24 percent, and 6 percent to 7 percent, respectively, during the period under study. All 

this evidence indicates that household dietary quality has improved in Nepal. Since poor 

households are likely to have higher expenditure shares for the limited food groups, we create an 

interaction term between poor households and the SI. 
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Table 5.1 Descriptive statistics of variables used in the analysis 

  1995   2011 
Variable Mean Std. Dev.   Mean Std. Dev. 
Dependent Variables      
Height-for-age Z-score (HAZ) -2.076 1.632   -1.521 1.556 
Child is stunted (HAZ < -2)Ϯ 0.55 0.50  0.40 0.49 
Child is severely stunted (HAZ < -3)Ϯ 0.29 0.45  0.14 0.34 
Independent Variables      
Simpson index—indicator of dietary diversity 0.623 0.159   0.747 0.112 
Number of food varieties consumed 18.738 3.595   25.468 4.137 
Total number of food groups consumed 9.516 1.425   10.404 0.983 
Total expenditure (Rs) 3727.65 2231.84  10943.48 5276.50 
Expenditure share on fruits and vegetables 13.454 7.587   16.708 7.515 
Expenditure share on animal protein 15.348 10.077   24.119 11.085 
Expenditure share on pulses 6.380 5.100   7.004 4.526 
Expenditure share on cereals 54.60 17.19  39.20 15.98 
SI# Poor 0.27 0.31  0.74 0.11 
Child Characteristics      
If a child has received immunization, then 1, otherwise 0Ϯ 0.757 0.429   0.969 0.172 
If a child has suffered from dysentery in past two weeks, then 1, otherwise 0Ϯ 0.054 0.226   0.079 0.270 
If a child has suffered from fever in the past two weeks, then 1, otherwise 0Ϯ 0.077 0.266   0.188 0.391 
If a child is male, then 1, otherwise 0Ϯ 0.480 0.500   0.480 0.500 
Child age in months 19.988 11.737   30.297 16.842 
Child born in monsoon season, then 1, otherwise 0Ϯ 0.346 0.476   0.322 0.467 
Household Characteristics      
If household is in urban region, then 1, otherwise 0Ϯ 0.125 0.330   0.248 0.432 
If household is from Brahmin family, then 1, otherwise 0Ϯ 0.140 0.347   0.121 0.326 
If household is from Mongolian family, then 1, otherwise 0Ϯ 0.237 0.425   0.248 0.432 
If household is from Madhesi family, then 1, otherwise 0Ϯ 0.191 0.393   0.104 0.305 
If household is from unprivileged family, then 1, otherwise 0Ϯ 0.231 0.422   0.335 0.472 
Family size 7.486 3.684   6.422 2.677 
Total number of family members less than age of 15 and greater than 65 divided by 
family size 0.510 0.147   0.507 0.163 
Age of household head 42.010 14.616   43.869 14.852 
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Table 5.1 Continued 

  
Variable 

1995   2011 
Mean Std. Dev.   Mean Std. Dev. 

If a mother is illiterate, then 1, otherwise 0 0.843 0.364   0.304 0.460 
      
If mother works in agriculture sector, then 1, otherwise 0Ϯ 0.635 0.482   0.232 0.422 
If a household owns livestock, then 1, otherwise 0Ϯ 0.868 0.339   0.006 0.077 
If household has access to irrigation, then 1, otherwise 0Ϯ 0.408 0.492   0.464 0.499 
If household has used fertilizer, then 1, otherwise 0Ϯ 0.481 0.500   0.508 0.500 
Total agricultural land owned, hectares 1.073 2.228   0.516 0.732 
Marginal farm household 0.256 0.436   0.307 0.461 
Small farm household 0.170 0.376   0.179 0.383 
Medium farm household 0.285 0.452   0.246 0.431 
Total remittance received by a household (’00000 Rs) 0.051 0.380   0.455 1.923 
If households is poor, then 1, otherwise 0Ϯ 0.478 0.500   0.348 0.476 
Time taken to reach health post (minutes) 104.951 179.198   276.325 391.331 
Community Characteristics      
Price index 1.020 0.139   1.036 0.341 
Average annual agricultural wage  3822.896 2129.204   11442.860 10379.75 
Average time (minutes) required to reach the market  528.817 740.156   517.512 742.817 
Average time (minutes) required to reach paved road  1423.954 1700.876   926.777 1461.272 
District Characteristics      
If a household is from mountainous region, then 1, otherwise 0Ϯ 0.139 0.346   0.077 0.267 
If a household is from hilly region, then 1, otherwise 0Ϯ 0.438 0.496   0.494 0.500 
Road density (km of road per 100 km2 of district area) 14.766 15.879   47.674 71.981 
Proportion of all-season roads in a district 45.516 31.143   55.111 23.384 

Source:    Authors calculation 
Note:  Total sample size of 3,859 households (1,501 from 1995–1996 and 2,358 from 2010–2011). Ϯ indicates dummy/binary variable. 
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We control for the important child, household, community, and district characteristics 

that we expect to influence the HAZ. The variables used at the child level are immunization 

status, health condition, gender, age, and birth season. Children receiving immunization increased 

from 76 percent to 97 percent between 1995–1996 and 2010–2011. However, the proportion of 

children suffering from dysentery and fever increased from 5 percent to 8 percent and 7 percent to 

19 percent, respectively. The proportions of male and female children sampled in 1995–1996 and 

2010–2011 were the same. However, we find a significant difference in terms of the average age 

of children sampled. Whereas the average age of child sampled in 1995–1996 was 20 months, in 

2010–2011 it was 30 months. Since child age may behave in a quadratic fashion with the HAZ, 

we also included the square term of the child age. We include a monsoon season variable since 

children might receive less attention in terms of feeding and child care practices in monsoon 

season (paddy planting season) compared to other seasons in Nepal. A slightly lower proportion 

of the sampled children was born in monsoon season in 2010–2011 compared with 1995–1996. 

At the household level, we include location in urban/rural region, ethnicity (Brahmin, 

Mongolian, Madhesi, and unprivileged), family size, dependent ratio, age of household head, 

mother’s education status, mother’s employment status, livestock farming, household access to 

irrigation, use of fertilizer, farm size and categories, total annual remittance received by a 

household, poverty status, and access to health infrastructure. Whereas only 13 percent of the 

households were sampled from an urban region in 1995–1996, that number rose to about 25 

percent in 2010–2011. Unlike the Madhesi and unprivileged family variables, the proportions of 

children in the sample from the other ethnic groups (Brahmin, Mongolian) remained similar. The 

average family size and dependent ratio (number of family members less than age 15 and greater 

than 65 divided by the family size) decreased slightly in 2010–2011 as compared to the first 

survey. On average, about 84 percent of households had an illiterate mother in 1995–1996; 

however, by 2010–2011 only 30 percent of households had an illiterate mother, a significant 

improvement. In addition, the proportion with the mother working in the agriculture sector 
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decreased from 0.64 in 1995–1996 to 0.23 in 2010–2011. While households owning livestock 

decreased over the period, household access to irrigation and fertilizer increased. Households 

owning agricultural land decreased—from 1.07 hectares to 0.52 hectare—suggesting increasing 

land fragmentation across time. The proportions of marginal and small farm households 

increased, but the proportion of large farm households decreased across the time period. We see a 

lower poverty prevalence in 2010–2011 than in 1995–1996—a reduction from 48 percent to 35 

percent. This may be due to increasing household incomes due in part to the increasing 

remittances in the country. 

At the community level, we include variables for price index, annual average agricultural 

wage, and access to market and paved road. The average price index increased slightly. The 

annual average agricultural wage increased from Rs 3,823 to Rs 11,443. The average time 

required to reach the market and that required to reach a paved road decreased, suggesting access 

to basic facilities in Nepal was improving. However, the average time of about 8 hours to reach 

the market in 2010–2011 suggests the rural and remote nature of the country. 

We include an agroecological indicator and road-related variables at the district level. In 

2010–2011, about 8 percent of the sample households were from the mountainous region, 49 

percent were sampled from the hilly region, and 44 percent were sampled from the Terai region. 

Road density increased from 14.77 to 47.67 during the period under study, and the proportion of 

all-season roads increased from 46 percent to 55 percent. This is evidence of improvement of the 

road infrastructure across time. We also account for yearly fixed effects. About 61 percent of the 

sampled households come from NLSS 2010–2011, while 39 percent of the sampled households 

come from NLSS 1995–1996.  

Empirical Results 
Table 5.2 presents the results of the multilevel model vis-à-vis the effects of dietary quality on 

child nutrition outcomes. We first predict the full model (including all the sampled children). 



 
 

23 
 

Next we estimate two separate models: for children of age less than or equal to 1,000 days and for 

children greater than 1,000 days old. Nutrition advocates emphasize proper nourishment of 

children in their first 1,000 days. Any nutrition deficiency during this critical window is found to 

permanently affect the child’s learning ability and his or her future productivity (Shariff et al. 

2000; Galler and Barrett 2001; Glewwe 1999). For the full model, we predict intraclass 

correlation coefficients as follows: 0.03, 0.08, and 0.07 at the district, community, and household 

levels, respectively. All of these coefficients are statistically significant at the less than 5 percent 

level. This implies that the district level accounts for 3 percent of the HAZ variation at the child 

level; the community level accounts for 8 percent of the HAZ variation at the child level; and the 

household level accounts for 7 percent of the HAZ variation at the child level. 

Table 5.2 Effects of dietary quality on HAZ using a multilevel model 
Variable Full model Children 1,000 

days or less 
Children above 

1,000 days 
If year is 2011, then 1, otherwise 0 0.3325** 0.4972*** -0.0903 
 (0.1441) (0.1726) (0.2087) 
Monthly food expenditure (’000 Rs) 0.0128* -0.0039 0.0218** 
 (0.0077) (0.0112) (0.0088) 
Simpson index—indicator of dietary diversity 0.6990** 0.0032 1.1847** 
 (0.3520) (0.5732) (0.4885) 
Interaction between Simpson index and poor -0.6482* -0.5621 -0.7626 
 (0.3326) (0.5084) (0.4897) 
Number of food varieties consumed -0.0080 -0.0051 -0.0098 
 (0.0077) (0.0123) (0.0088) 
Total number of food groups consumed 0.0592** 0.0712** 0.0520* 
 (0.0268) (0.0349) (0.0300) 
Expenditure share on fruits and vegetables 0.0043 0.0186*** -0.0069 
 (0.0044) (0.0071) (0.0056) 
Expenditure share on animal protein -0.0000 0.0053 -0.0037 
 (0.0035) (0.0049) (0.0042) 
Expenditure share on pulses -0.0027 0.0125 -0.0162** 
 (0.0062) (0.0082) (0.0080) 
If child has received immunization, then 1, 
otherwise 0 

0.1574* 0.2913** 0.2199** 

 (0.0900) (0.1252) (0.1034) 
If child has suffered from dysentery in past two 
weeks, then 1, otherwise 0 

-0.0821 0.1068 -0.1044 

 (0.0994) (0.1386) (0.1326) 
If child has suffered from fever in past two weeks, 
then 1, otherwise 0 

-0.0496 0.1039 -0.0851 

 (0.0581) (0.1102) (0.0864) 
If child is male, then 1, otherwise 0 0.1093*** 0.2243*** 0.0197 
 (0.0382) (0.0587) (0.0507) 
Child age in months -0.1142*** -0.2549*** 0.0053 
 (0.0069) (0.0190) (0.0242) 
Child age in months, square 0.0014*** 0.0062*** -0.0001 
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Table 5.2 Continued 
Variable Full model Children 1,000 

days or less 
Children above 

1,000 days 
 (0.0001) (0.0007) (0.0003) 
Child born in monsoon season, then 1, otherwise 0 -0.1702*** -0.2523*** -0.1195* 
 (0.0502) (0.0637) (0.0617) 
If household is in urban region, then 1, otherwise 0 0.1638 0.0899 0.1897 
 (0.1009) (0.1416) (0.1276) 
If household belongs to Brahmin family, then 1, 
otherwise 0 

-0.0051 -0.0406 0.0051 

 (0.0905) (0.1259) (0.1027) 
If household belongs to Mongolian family, then 1, 
otherwise 0 

-0.0054 0.1642* -0.1296 

 (0.0757) (0.0989) (0.0909) 
If household belongs to Madhesi family, then 1, 
otherwise 0 

-0.1431 -0.1123 -0.1512 

 (0.1163) (0.1515) (0.1177) 
If households belongs to unprivileged family, then 1, 
otherwise 0 

-0.1712** -0.2285** -0.1369* 

 (0.0703) (0.1077) (0.0824) 
Family size 0.0033 0.0089 -0.0034 
 (0.0108) (0.0161) (0.0143) 
Total number of family members less than age of 15 
and greater than 65 divided by family size 

-0.2416 -0.4038** -0.2324 

 (0.1683) (0.1963) (0.2117) 
Age of household head 0.0007 -0.0025 0.0031 
 (0.0021) (0.0030) (0.0023) 
If mother is illiterate, then 1, otherwise 0 -0.0430 -0.1116 0.0102 
 (0.0551) (0.0996) (0.0621) 
If mother works in agriculture sector, then 1, 
otherwise 0 

-0.0490 -0.0443 -0.1118* 

 (0.0651) (0.0876) (0.0673) 
If household owns livestock, then 1, otherwise 0 -0.1489 0.0295 -0.4693*** 
 (0.1197) (0.1223) (0.1671) 
If household has access to irrigation, then 1, 
otherwise 0 

0.0650 0.0700 0.0876 

 (0.0610) (0.0877) (0.0675) 
If household has used fertilizer, then 1, otherwise 0 -0.0350 -0.0325 -0.0167 
 (0.0628) (0.0978) (0.0750) 
Total agricultural land owned, hectares 0.0224 0.0405 0.0059 
 (0.0180) (0.0269) (0.0190) 
Marginal farm household 0.0022 0.0840 -0.0548 
 (0.0718) (0.1189) (0.0890) 
Small farm household 0.0966 0.1375 0.0212 
 (0.0816) (0.1408) (0.1082) 
Medium farm household 0.0189 0.1008 -0.0855 
 (0.0744) (0.1386) (0.0951) 
Total remittance received by household (’00000 Rs) 0.0121 0.0857*** -0.0047 
 (0.0159) (0.0302) (0.0107) 
If household is poor, then 1, otherwise 0 0.2108 0.2312 0.2514 
 (0.2318) (0.3472) (0.3362) 
Time taken to reach health post (minutes) 0.0001 0.0001 0.0002** 
 (0.0001) (0.0001) (0.0001) 
Price index 0.2348 0.4799** -0.0482 
 (0.1858) (0.2098) (0.2111) 
Average annual agricultural wage in a community 0.0000 0.0000** -0.0000 
 (0.0000) (0.0000) (0.0000) 
Average time (minutes) required to reach the 
market in a community 

-0.0001** -0.0001 -0.0001*** 

 (0.0000) (0.0000) (0.0000) 
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Table 5.2 Continued 
Variable Full model Children 1,000 

days or less 
Children above 

1,000 days 
Average time (minutes) required to reach the paved 
road in a community 

-0.0000 -0.0000 -0.0000 

 (0.0000) (0.0000) (0.0000) 
If household is from mountainous region, then 1, 
otherwise 0 

-0.0244 0.0974 -0.1696 

 (0.1125) (0.1626) (0.1306) 
If household is from hilly region, then 1, otherwise 0 0.0098 0.0877 -0.0691 
 (0.0819) (0.1098) (0.0929) 
Road density (km of road per 100 km2 of district 
area) 

0.0006 -0.0008 0.0023** 

 (0.0008) (0.0007) (0.0009) 
Proportion of all-season roads in a district 0.0019 0.0034* -0.0005 
 (0.0014) (0.0020) (0.0016) 
Constant -1.5354*** -1.4831*** -2.7859*** 
 (0.3913) (0.4977) (0.7863) 
Observations 3,859 1,861 1,998 
Number of groups 73 73 73 
Fit statistics (AIC) 13528.85 6830.12 6582.85 
Random intercept    
District (variance) .01335 5.80e-10 0.0202 
 (.0103) (2.84e-08) (.01192) 
Community (variance) .1000 .10737 .13202 
 (.02653) (.0573) (.03905) 
Household (variance) .3448 .23414 .33606 
 (.07673) (0.2038) (.1166) 
Residuals 1.4838 1.8502 1.0498 
 (.07929) (0.2030) (.1119) 

Source:   Authors’ work based on NLSS datasets. 
Note:      Robust standard errors in parentheses. *** p < 0.01. ** p < 0.05. * p < 0.1. 

We interpret those coefficients that are statistically significant at the less than 10 percent 

level. On average, HAZ increased by 0.40 between 1995–1996 and 2010–2011. The monthly 

food expenditure (Rs) is positively associated with HAZ, implying the importance of dietary 

intake quantity on child nutrition outcomes, especially for children more than 1,000 days old. The 

SI is positive and statistically significant at less than 10 percent only for children over 1,000 days 

old. We also create an interaction term between SI and poverty with the assumption that poor 

households tend to have lower DD. We find a negative and statistically significant term for the 

full model. This suggests that the poorer households have lower DD. We find a positive and 

significant effect of the total number of food groups consumed for all models. The marginal effect 

of total number of food groups consumed is higher (0.07) for children up to 1,000 days than that 

of children over 1,000 days old. Different food groups supply diverse nutritional needs of 
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children, thus improving nutrition outcomes. Only for the children 1,000 days and younger do we 

find a positive and statistically significant effect of the expenditure share on fruits and vegetables. 

Overall, these findings highlight the importance of monthly food expenditure, SI, and the total 

number of food groups consumed on child nutrition outcomes. The random effects at all levels 

are statistically significant suggesting that rich heterogeneity prevails in the dataset. Since we are 

interested in understanding the effects of the DD-related variables, we do not interpret the rest of 

the coefficients. 

We use a binary logistic model to understand which dietary variables are important in 

reducing the probability of stunting/severe stunting of children (Table 5.3). First we run a 

parsimonious model including only the dietary variables and controlling for the agroecological 

indicators and yearly fixed effects. Then we include the rest of the variables controlling for 

confounding factors. In doing so, we assess the robustness of the results. We find that the 

monthly food expenditure and SI are associated with a reduced probability of severe child 

stunting, while the number of food groups consumed is associated with a reduced probability of 

child stunting. The coefficient of the interaction term between SI and poverty is positive and 

statistically significant for all models, implying that the poorer households have lower DD. 

Although the coefficient on the animal protein expenditure share is negative and significant in the 

parsimonious model, we do not find the coefficient to be statistically significant once we control 

for other variables. Sari et al. (2010) found that Indonesian households spending a relatively 

greater proportion of their budget on nongrain foods, particularly animal-source foods, had a 

lower incidence of child stunting. 
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Table 5.3 Effects of dietary quality on the probability of child stunting in Nepal 
Variables Severely 

stunted (model 
A) 

Severely 
stunted (model 

B) 

Stunted 
(model C) 

Stunted 
(model D) 

If year is 2011, then 1, otherwise 0 -0.2973** 0.0763 -0.3650*** -0.6795*** 
 (0.1298) (0.2591) (0.1024) (0.2015) 
Monthly expenditure on food (’000 
Rs) 

-0.0337*** -0.0386** -0.0171** -0.0102 

 (0.0127) (0.0151) (0.0087) (0.0112) 
Interaction between Simpson index 
and poverty 

0.6614*** 1.0864* 0.5665*** 1.7773*** 

 (0.1359) (0.6148) (0.1063) (0.5412) 
Simpson index—indicator of dietary 
diversity 

-1.1035* -1.3627* -0.4333 -1.0103 

 (0.6160) (0.7857) (0.5077) (0.6542) 
Number of food varieties  -0.0075 -0.0176 0.0168 0.0060 
 (0.0138) (0.0144) (0.0107) (0.0118) 
Total number of food groups 
consumed 

-0.0479 -0.0403 -0.0704** -0.0469 

 (0.0386) (0.0399) (0.0353) (0.0382) 
Expenditure share on fruits and 
vegetables 

-0.0118 -0.0054 -0.0045 0.0042 

 (0.0081) (0.0085) (0.0065) (0.0071) 
Expenditure share on animal protein -0.0142** -0.0078 -0.0125*** -0.0048 
 (0.0065) (0.0068) (0.0048) (0.0051) 
Expenditure share on pulses -0.0031 0.0020 -0.0075 -0.0017 
 (0.0101) (0.0101) (0.0080) (0.0085) 
If child has received immunization, 
then 1, otherwise 0 

 -0.2523**  -0.1681 

  (0.1283)  (0.1184) 
If child has suffered from dysentery in 
past two weeks, then 1, otherwise 0 

 0.0626  0.2593* 

  (0.1840)  (0.1450) 
If child has suffered from fever in 
past two weeks, then 1, otherwise 0 

 -0.0621  0.0292 

  (0.1377)  (0.1029) 
If a child is male, then 1, otherwise 0  -0.1695*  -0.0531 
  (0.0873)  (0.0703) 
Child age in months  0.0313***  0.0382*** 
  (0.0029)  (0.0024) 
If household belongs to Brahmin 
family, then 1, otherwise 0 

 -0.3342*  0.0137 

  (0.1766)  (0.1326) 
If households belongs to Mongolian 
family, then 1, otherwise 0 

 0.1172  0.2510** 

  (0.1367)  (0.1094) 
If household belongs to Madhesi 
family, then 1, otherwise 0 

 0.0589  0.3666** 

  (0.1758)  (0.1445) 
If household belongs to unprivileged 
family, then 1, otherwise 0 

 0.0807  0.3481*** 

  (0.1389)  (0.1153) 
If household is in urban region, then 
1, otherwise 0 

 -0.3181  -0.0288 

  (0.2016)  (0.1462) 
Family size  0.0051  -0.0265* 
  (0.0168)  (0.0145) 
If mother is illiterate, then 1, 
otherwise 0 

 0.1714  0.1157 

  (0.1094)  (0.0841) 
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Table 5.3 Continued 
Variables Severely stunted 

(model A) 
Severely stunted 

(model B) 
Stunted 

(model C) 
Stunted 

(model D) 
If mother works in agriculture 
sector, then 1, otherwise 0 

 0.0805  0.1234 

  (0.0954)  (0.0808) 
If a household owns livestock, 
then 1, otherwise 0 

 0.3745*  0.0810 

  (0.2207)  (0.1729) 
Marginal farm household  -0.3114**  0.0410 
  (0.1326)  (0.1070) 
Small farm household  -0.1320  -0.0596 
  (0.1472)  (0.1222) 
Medium farm household  -0.0812  0.1538 
  (0.1384)  (0.1126) 
If household is poor, then 1, 
otherwise 0 

 -0.3865  -0.8454** 

  (0.4165)  (0.3753) 
Total remittance received by 
household (’00000 Rs) 

 -0.1247  -0.0308 

  (0.1158)  (0.0751) 
Time taken to reach health post 
(minutes) 

 -0.0003*  -0.0003** 

  (0.0002)  (0.0001) 
Time taken to reach markets 
(minutes) 

 0.0001  0.0002*** 

  (0.0001)  (0.0001) 
Price index  0.3405  -0.8412** 
  (0.4773)  (0.3346) 
Road density (km of road per 100 
km2 of district area) 

 -0.0052**  0.0011 

  (0.0024)  (0.0014) 
Proportion of all-season roads in a 
district 

 -0.0022  -0.0042** 

  (0.0020)  (0.0018) 
If household is from mountainous 
region, then 1, otherwise 0 

0.0513 -0.2206 0.3402*** 0.3785** 

 (0.1438) (0.2036) (0.1230) (0.1668) 
If household is from hilly region, 
then 1, otherwise 0 

-0.0866 -0.1451 0.0126 0.0739 

 (0.0963) (0.1472) (0.0755) (0.1149) 
Constant 0.6936* -0.0699 1.0088*** 1.1266* 
 (0.3638) (0.7450) (0.3330) (0.6184) 
Observations 3,859 3,859 3,859 3,859 

Source:  Authors own calculation. 

Robustness Test 
We estimate several models based on the location of residence (rural or urban) and farm type 

(marginal, small, medium, and large), and we employ a quantile regression approach to assess the 

robustness of the results (Table 5.4). The SI variable and its interaction term with the poverty 

variable are statistically significant for households in the rural areas, marginal farms, and 

households within the 30th percentile of the HAZ. Total number of food groups consumed is 
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statistically significant for all the models except the households owning a farm larger than 0.33 

hectare and households within the 30th percentile of the HAZ. The fruits and vegetables 

expenditure share variable is statistically significant only for urban children. Overall, the results 

from the main model are highly robust for households residing in rural areas, belonging to the 

marginal farm group, and falling within the 30th percentile of the HAZ. For urban households, 

households with larger farm sizes, and those falling within the 70th percentile of the HAZ, the 

results given by the full model should be cautiously interpreted. 
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Table 5.4 Robustness test: effects of dietary quality on HAZ 
 
Variables Full Urban Rural Marginal 

farm 
Small farm Medium 

farm 
Large farm 30th 

percentile 
70th 

percentile 
If year is 2011, then 1, otherwise 
0 

0.3325** 0.6883*** 0.0680 0.0295 -1.4616*** 0.5259 0.7609*** 0.2598* 0.3395 
(0.1441) (0.2445) (0.2277) (0.2692) (0.4175) (0.4777) (0.2365) (0.1528) (0.2119) 

Monthly food expenditure (’000 
Rs) 

0.0128* 0.0024 0.0171* 0.0260** 0.0318* 0.0117 -0.0053 0.0142* 0.0056 

 (0.0077) (0.0130) (0.0096) (0.0120) (0.0165) (0.0127) (0.0147) (0.0080) (0.0095) 
Simpson index—indicator of 
dietary diversity 

0.6990** -0.5651 1.0354** 1.8995** 1.0836 0.2134 0.2372 1.1283* 0.2848 

 (0.3520) (0.6767) (0.4456) (0.7431) (1.0286) (0.9231) (0.6944) (0.6064) (0.5379) 
Interaction between Simpson 
index and poverty 

-0.6482* -1.0421 -0.6017* -1.3654** 1.4974 -1.2510 -0.7451 -1.0125* -0.4323 

 (0.3326) (1.0958) (0.3349) (0.5814) (0.9498) (0.7639) (0.7147) (0.5227) (0.4259) 
Number of food varieties 
consumed 

-0.0080 0.0006 -0.0081 0.0010 -0.0038 -0.0065 -0.0188 -0.0047 -0.0131 
(0.0077) (0.0200) (0.0086) (0.0138) (0.0186) (0.0125) (0.0239) (0.0099) (0.0094) 

Total number of food groups 
consumed 

0.0592** 0.0989** 0.0567* 0.0784** 0.0467 0.0527 0.0498 0.0380 0.0634** 
(0.0268) (0.0460) (0.0300) (0.0362) (0.0772) (0.0512) (0.0475) (0.0343) (0.0276) 

Expenditure share on fruits and 
vegetables 

0.0043 0.0177*** -0.0002 0.0025 -0.0129 0.0024 0.0096 0.0016 -0.0043 
(0.0044) (0.0063) (0.0057) (0.0086) (0.0122) (0.0091) (0.0063) (0.0054) (0.0053) 

Expenditure share on animal 
protein 

-0.0000 -0.0009 -0.0013 -0.0065 -0.0075 0.0014 0.0028 0.0044 -0.0012 
(0.0035) (0.0059) (0.0045) (0.0069) (0.0077) (0.0076) (0.0069) (0.0040) (0.0047) 

Expenditure share on pulses -0.0027 0.0051 -0.0072 -0.0077 -0.0126 0.0074 -0.0047 -0.0006 0.0017 
 (0.0062) (0.0104) (0.0072) (0.0116) (0.0136) (0.0149) (0.0079) (0.0096) (0.0079) 
Constant -1.5354*** -1.4592 -1.3993** -2.6906*** 0.5132 -1.7077 -1.3257 -2.9456*** -0.0103 
 (0.3913) (0.9592) (0.6953) (0.6367) (1.4191) (1.0960) (0.8359) (0.5483) (0.4811) 
Observations 3,859 772 3,087 1108 677 1008 1066 3,859 3,859 
Number of groups 73 43 73 72 72 71  67  

Source:    Authors’ work based on NLSS datasets.  
Note:  Included all the control/explanatory variables as reported in Table 5.2. Robust standard errors in parentheses. *** p < 0.01. ** p < 0.05. * p < 0.1. 
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Results from DRF Approach 
We use the DRF approach to estimate the impact of number of food varieties and groups 

consumed, monthly food expenditure, and the expenditure shares on the different food groups 

(fruits and vegetables, cereals, animal and plant protein) on HAZ and the probability of child 

stunting. The outcome variable of interest is HAZ and whether the child is stunted or not. We also 

estimate a separate DRF for children up to 1,000 days old and for those greater than 1,000 days 

old. Table A.1 lists the pretreatment variables and the results of a balancing test.7 There are 

significant differences in the average values of the covariates between the treatment groups for 

the GPS-unadjusted sample. However, after adjusting the GPS, those significant differences are 

ruled out. We also plot the GPS for the different treatment groups to see whether overlapping 

exists among the GPSs between the treatment and overall groups (Figure A.2). We observe 

significant overlapping especially at the higher values of propensity scores. 

Figure 5.5 shows the estimated DRF (solid line) for the number of food varieties 

consumed and for the number of food groups consumed. The horizontal dashed line is the 

benchmark treatment level. The DRF is higher than the benchmark treatment in the case of 

number of food groups consumed across entire treatment levels. However, nonlinearity in the 

DRF is evident. Although the treatment effect steadily increases up to the treatment level of 

around 8, it declines between the treatment level of 8 and 9, and then again increases after the 

treatment level of 9 (Figure 5.5, panel A). Consumption of more than seven food groups is found 

to exceed the stunting threshold of children. In Figure 5.5, panel B, the slope of the DRF 

continuously increases until the treatment level of 30 is reached. However, after the treatment 

level of 30, the impact gradually declines. The treatment threshold that exceeds the stunting rate 

is around the treatment level of 17. 

                                                      
7For brevity, we show only the balancing test for the treatment total number of food groups consumed. 
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Figure 5.5 Dose response function assessing the impact of number of food varieties/groups 
consumed on HAZ 

 

Source:  Authors own estimation. 

Figure 5.6 shows the DRF estimated for number of food varieties consumed and number 

of food groups consumed for children up to 1,000 days old and over 1,000 days old. For the 

treatment number of food varieties consumed, the estimated DRF is higher than the benchmark 

treatment level up to a certain treatment level (Figure 5.6, panels A and B). However, the DRF is 

steeper for children more than 1,000 days old. The impact of number of food varieties consumed 

decreases after the treatment level of 30 is reached. For the treatment number of food groups 

consumed, we find an increasing impact of the treatment for both age groups (Figure 5.6, panels 

C and D), but the treatment impact is greater for the children up to 1,000 days old. Overall, the 

findings suggest a differential treatment effect of dietary quality for children belonging to 

different age groups. 



 
 

33 
 

Figure 5.6 Dose response function assessing the impact of number of food varieties/groups 
consumed on HAZ for children up to and greater than 1,000 days of age 

 

Source:  Authors own estimation. 

Figure 5.7 shows the impact on HAZ of the expenditure shares devoted to cereals, fruits 

and vegetables, animal protein, and plant protein. In the case of cereals, the estimated DRF is 

lower than the benchmark treatment level, suggesting that a higher cereals expenditure share has 

a negative impact on average HAZ (Figure 5.7, panel A). Campbell et al. (2010) found that 

households in Bangladesh spending a higher proportion of their food budget on rice have a 

greater prevalence of child malnutrition. After a treatment level of about 16, we see that the 

expenditure share going to fruits and vegetables has a positive impact on the expected HAZ 

(Figure 5.7, panel C). The higher expenditure share on both animal and plant protein causes the 

expected higher HAZ (Figure 5.7, panels B and D). These results suggest that a household diet 

characterized by a greater proportion of nonstaple foods and one that is nutritious improves 

children’s long-term nutrition outcomes.  
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Figure 5.7 Impact on HAZ of expenditure shares going to cereals, fruits and vegetables, 
animal proteins, and plant proteins 

 

Source:  Authors own estimation. 

Figure 5.8 shows the impact of monthly food expenditure on HAZ (panel A) and on the 

probability of children being severely stunted (panel B). As expected, an increase in the 

household’s monthly food expenditure leads to a better HAZ while reducing the incidence of 

severe stunting. This shows that not only dietary quality but also dietary quantity matters for child 

nutrition outcomes. 

Figure A.3 shows the estimated DRF (solid line) where the outcome is the child stunting 

rate and the treatment is number of food groups consumed or food varieties consumed. Except for 

the treatment interval between 8 and 9, an increase in number of food groups consumed leads to a 

reduction of child stunting incidence (Figure A.3, panel A). We expect greater food variety in the 

diet to reduce child stunting in a linear fashion. However, after a certain treatment level, the 

probability of child stunting increases (Figure A.3, panel B). Consumption of about 30 food 

varieties in a month seems to be an optimal dietary dose. 
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Figure 5.8 Impact of monthly food expenditure on HAZ and on the probability of children 
being severely stunted 

 

Source:  Authors own estimation. 

Figure A.4 shows the impact of the expenditure shares of cereals, fruits and vegetables, 

animal protein, and plant protein on the probability of child stunting. In the case of cereals, we 

see a higher probability of child stunting at the higher treatment level (Figure A.4, panel A). But 

in the cases of fruits and vegetables, animal protein, and pulses, the expected headcount of 

stunted children reduces as their expenditure share increases, suggesting the importance of a 

higher proportion of nonstaple foods in the household’s diet (Figure A.4, panels B, C, and D). 
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Role of Dietary Quality in Child Nutrition Improvement between 1995–1996 and 2010–2011 

in Nepal 

We estimate several multilevel models to assess whether changes in dietary quality explain the 

improvement in HAZ (Table A.2). First we run a model incorporating only yearly fixed effects. 

Then we add dietary quality and reestimate the model. Next we add household characteristics to 

the yearly fixed-effects model. We do similarly for community- and district-level variables. We 

then examine how the magnitude of the yearly fixed-effects coefficients (from the parsimonious 

model) changes in the subsequent models. The biggest improvement in HAZ is explained by 

changes in dietary quality (coefficient reduced from 0.5671 to 0.202). This illustrates the 

importance of dietary quality improvement for child nutrition outcomes. 

Further we use a twofold Blinder–Oxaca decomposition technique to assess what portion 

of the improvement in HAZ is explained by the improvement in dietary quality between 1995–

1996 and 2010–2011. Table 5.5 shows average HAZs in 1995 and 2011 and the changes that are 

accounted for by differences in dietary quality and household, community, and district 

characteristics across the time period. The difference in household characteristics explains 73 

percent of the nutrition improvement, followed by the change in dietary quality (71 percent), 

change in district characteristics (25 percent), and change in community characteristics (11 

percent). The improvement in dietary quality played a huge role in the improving HAZs. Some 

things contributing to the improvement in dietary quality may be rising incomes of Nepalese 

households, increasing access to roads and markets, and higher levels of parental education 

(Nepal, Central Bureau of Statistics 2011). 
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Table 5.6 illustrates how the different dietary quality variables explain the improvement 

in HAZ. Among those variables, we find that monthly food expenditure, number of food groups 

in a diet, fruit and vegetable expenditure share, and animal protein expenditure share are 

important in explaining the nutritional improvement between 1995 and 2011. The improvements 

in monthly food expenditure, animal protein expenditure share, fruits and vegetables expenditure 

share, and number of food groups in the diet explain about 29 percent, 18 percent, 9 percent, and 

15 percent of the HAZ improvement, respectively. 

  

Table 5.5 Explaining observed improvements in HAZ between 1995–1996 and 2010–2011 
in Nepal 

 

 Dietary quality 
Household 

characteristics 
Community 

characteristics 
District 

characteristics 
Year 1995–1996 -2.07 -2.07 -2.07 -2.07 
  .042 .042 .042 .042 
Year 2010–2011 -1.52 -1.52 -1.52 -1.52 
  0.03 0.03 0.03 0.03 
Difference -0.55 -0.55 -0.55 -0.55 
  0.05 0.05 0.05 0.05 
Explained -0.39 -0.40 -0.06 -0.14  

0.06 0.11 0.03 0.02 
Explained (%) 71% 73% 11% 25% 
Source:  Authors own calculation. 
Note:     All coefficients are statistically significant at the less than 1% level. 
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Table 5.6 Factors explaining improvement in nutrition between 1995–1996 and 2010–
2011 
 
Dietary quality variables HAZ Explained (%) change 
Monthly expenditure on food (’000 Rs) -0.16 29.09 
 (0.04) 

 

Dietary diversity (food groups consumed) -0.08 14.54 
  (0.02) 

 

Expenditure share on fruits and vegetables  -0.04 9.09 
  (0.02) 

 

Expenditure share on animal protein  -0.09 18.18 
  (0.03) 

 

Source: Authors own calculation. 
Note: Robust standard errors in parentheses.  
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6.  CONCLUSION AND POLICY IMPLICATIONS 

The paper examines the role of dietary quality changes in the improvement of height-for-age Z-

scores between 1995 and 2011 in Nepal. We also estimate the impact of dietary quality and 

quantity on HAZ and the probability of child stunting in Nepal. We rely on nationally 

representative NLSS data from surveys conducted in 1995–1996 and 2010–2011. Various 

indicators of dietary quality and quantity are used in this study. We create three indicators of 

dietary diversity: the Simpson index; number of food varieties consumed; and number of food 

groups consumed in a typical month. The monthly expenditure shares represented by cereals, 

fruits and vegetables, animal proteins, and pulses (plant proteins) are used as indicators of dietary 

quality while the monthly food expenditure is used as an indicator of dietary quantity. We use 

multilevel and DRF models to study the effects of dietary quality and quantity on child nutrition 

outcomes. To assess the role of dietary quality in the improvement of HAZs between 1995–1996 

and 2010–2011, we use the Blinder–Oaxaca approach.  

We found a positive effect of monthly food expenditure and number of food groups 

consumed on the expected HAZ. The fruits and vegetables expenditure share positively 

influences the average HAZ of children up to 1,000 days old. The SI, an indicator of dietary 

diversity, has a positive effect on the HAZ of children greater than 1,000 days old. The DRF 

results suggest that consumption of at least 17 food varieties and seven food groups leads to 

children exceeding the stunting threshold. Whereas a higher expenditure share on cereals leads to 

a reduction in the average HAZ, higher expenditure shares on nonstaple and nutrient-dense foods 

translates into better average HAZs, emphasizing the importance of a nutritious diet for child 

development. The expenditure share devoted to animal protein is negatively correlated with the 

probability of stunting/severe stunting in children. Our study shows that dietary quality 

improvement was an important factor responsible for improving child nutrition outcomes in 

Nepal between 1995–1996 and 2010–2011. The changes in dietary quality explain about 71 



 
 

40 
 

percent of the improvement in the HAZs between 1995 and 2011. Looking at the specific dietary 

quality variables, an increase in monthly food expenditure, increases in the expenditure shares 

devoted to animal protein and fruits and vegetables, and an increase in the number of food groups 

consumed explain the significant portion of the HAZ improvement. A robustness test shows that 

our results are highly robust with regard to the children from the rural sample and households 

with marginal farm size. 

Since Nepal still has a high child stunting rate, it is important for the government to 

formulate policies that will lead to improvements in long-term child nutrition outcomes. Although 

many factors influence child nutrition outcomes, our results suggest that improving household 

dietary quality matters. Consumption of a nutritious diet with higher proportions of fruits and 

vegetables and animal/plant proteins should be encouraged, and the consumption of higher shares 

of staple foods needs to be discouraged to improve long-term outcomes in Nepal. 

Measuring the dietary intake of individual members of a household is difficult, 

cumbersome, and expensive. Moreover, 24-hour-recall assessment is expensive and relies on a 

short recall period. Based on our findings, we conclude that one can use food expenditure data as 

a credible proxy for the quality and quantity of child food consumption. In the absence of actual 

food consumption data, such food expenditure data may prove to be a fruitful avenue for 

assessing the efforts to improve child nutrition outcomes. 
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APPENDIX AND SUPPLEMENTARY FIGURES 

Table A.1 Balancing test for covariates given the generalized propensity scores: t-statistics 
for the equality of means  

 Adjusted  Unadjusted 
Covariates [4–9] [9–11]  Between [4–9] and [9–11]  
Family size -0.43 0.66  0.40 
Dependent ratio 0.94 -0.31  -3.77*** 
Adult ratio 0.87 -0.25  5.34*** 
Male headed -1.09 1.29  1.77 
Mother illiterate -0.94 0.22  -1.38 
Age -1.17 0.71  0.16 
Chhetry ethnicity  1.46 -1.76  1.59 
Mongolian ethnicity 1.19 -0.96  3.71*** 
Madhesi ethnicity 0.00 0.45  2.30 
Household has migrated in past -0.69 0.17  -3.61*** 
Transfers (Lakh rupees) -1.55 1.16  -0.38 
Household receives remittance 1.47 -0.90  4.59*** 
Poor -0.13 0.58  -7.99*** 
Nonfarm Income 0.73 -0.33  2.11 
Net buyers 1.76 -1.05  -0.16 
Urban 0.94 0.03  5.15*** 
Crop diversity -1.31 0.42  -3.27*** 
Kitchen garden -1.48 0.33  -2.11 
Mother employed in agriculture  0.58 -0.52  -3.65*** 
Total land -1.34 0.98  -5.47*** 
Marginal farm 1.64 -1.43  -2.85*** 
Small farm 0.25 -0.45  -1.12 
Large farm 1.08 -0.41  5.73*** 
Improved seed 0.31 0.10  3.06*** 
Irrigated 0.44 -0.42  2.10 
Fertilizer 0.01 -0.83  2.64*** 
Telephone -0.75 0.61  0.60 
Annual ag. wage 1.21 -1.40  1.34 
Time to reach paved roads (hrs) 0.05 -0.31  -4.99*** 
Price index 1.21 -0.50  3.88*** 
Mountain -0.13 0.21  -2.47 
Hill 0.14 -0.03  -4.79*** 
Terai -0.07 -0.07  6.19*** 

Source:  Authors’ work based on NLSS datasets.  
Note:  *** Significant at the less than 1% level.  
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Table A.2 Factors influencing child nutrition improvement between 1995–1996 and 2010–
2011  
Variables Year Dietary quality Household Community District 
If year is 2011, 
then 1, 
otherwise 0 

0.5671*** 0.2022** 0.2647* 0.5308*** 0.4576*** 

 (0.0613) (0.0840) (0.1436) (0.0636) (0.0687) 
Monthly 
expenditure on 
food (’000 Rs) 

 0.0269***    

  (0.0060)    
Simpson 
index—indicator 
of dietary 
diversity 

 0.6595*    

  (0.3743)    
Number of food 
varieties 
consumed 

 -0.0094    

  (0.0083)    
Total number of 
food groups 
consumed 

 0.0761***    

  (0.0250)    
Expenditure 
share on fruits 
and vegetables 

 0.0078    

  (0.0051)    
Expenditure 
share on animal 
protein 

 0.0068*    

  (0.0037)    
Expenditure 
share on pulses 

 0.0006    

  (0.0063)    
If household is 
in urban region, 
then 1, 
otherwise 0 

  0.2849***   

   (0.0866)   
If household 
belongs to 
Brahmin family, 
then 1, 
otherwise 0 

  0.0075   

   (0.0960)   
If household 
belongs to 
Mongolian 
family, then 1, 
otherwise 0 

  -0.0273   

   (0.0853)   
If household 
belongs to 
Madhesi family, 
then 1, 
otherwise 0 

  -0.1473   

   (0.1233)   
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Table A.2 Continued 
Variables Year Dietary quality Household Community District 
If household 
belongs to 
unprivileged 
family, then 1, 
otherwise 0 

  -0.1749**   

   (0.0810)   
Family size   0.0202**   
   (0.0093)   
Total number of 
family members 
less than age of 
15 and greater 
than 65 divided 
by family size 

  -0.7333***   

   (0.1894)   
Age of 
household head 

  0.0018   

   (0.0023)   
If mother is 
illiterate, then 1, 
otherwise 0 

  -0.0747   

   (0.0623)   
If mother works 
in agriculture 
sector, then 1, 
otherwise 0 

  -0.1022   

   (0.0699)   
If household 
owns livestock, 
then 1, 
otherwise 0 

  -0.1589   

   (0.1321)   
If household has 
access to 
irrigation, then 1, 
otherwise 0 

  0.0595   

   (0.0632)   
If household has 
used fertilizer, 
then 1, 
otherwise 0 

  0.0384   

   (0.0615)   
Total agricultural 
land owned, 
hectares 

  -0.0122   

   (0.0174)   
Marginal farm 
household 

  -0.0887   

   (0.0730)   
Small farm 
household 

  0.0228   

   (0.0864)   
Medium farm 
household 

  -0.0330   

   (0.0771)   
Total remittance 
received by 
household 
(’00000 Rs) 

  0.0096   
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Table A.2 Continued 
Variables Year Dietary quality Household Community District 
   (0.0199)   
If household is 
poor, then 1, 
otherwise 0 

  -0.2935***   

   (0.0544)   
Time taken to 
reach health 
post (minutes) 

  0.0001   

   (0.0001)   
Price index    0.5868***  
    (0.0705)  
Average annual 
agricultural 
wage in a 
community 

   -0.0000  

    (0.0000)  
Time (minutes) 
taken to reach 
market center 

   -0.0001***  

    (0.0000)  
Time (minutes) 
taken to reach 
paved roads 

   -0.0001***  

    (0.0000)  
If household is 
from 
mountainous 
region, then 1, 
otherwise 0 

    -0.1347 

     (0.1125) 
If household is 
from hilly region, 
then 1, 
otherwise 0 

    0.0195 

     (0.0970) 
Road density 
(km of road per 
100 km2 of 
district area) 

    0.0023*** 

     (0.0008) 
Proportion of all-
season roads in 
a district 

    0.0039*** 

     (0.0015) 
Constant -2.1397*** -3.3934*** -1.5416*** -2.4786*** -2.3007*** 
 (0.0596) (0.2311) (0.1962) (0.1251) (0.1179) 
Observations 3,859 3,859 3,859 3,859 3,859 
Number of 
groups 

73 73 73 73 73 

Source:    Authors own work. 
Note:  Random effects not shown in the results. Robust standard errors in parentheses. *** p < 0.01. ** p < 0.05. * 
p < 0.1. 
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Figure A.1 Histogram plot of number of food varieties consumed in a typical month 

Source:  Authors work based on the NLSS datasets. 
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Figure A.2 Common support for the treatment number of food varieties (overall sample) 

Source:  Authors work based on the NLSS datasets. 
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Figure A.3 Dose response function assessing the impact of number of food groups/varieties 
consumed on child stunting outcomes 

 
Source:  Authors work. 
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Figure A.4 Dose response function assessing the impact of expenditure shares devoted to 
different food items on child stunting outcomes 

 
Source:  Authors work. 
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