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ABSTRACT 
 

By tracking children under 5 years old for more than ten years, the paper examines 

the relationship between early childhood nutrient intake and children’s future educational 

attainment using both simple regression and logistic regression models. Childhood nutritional 

status, as measured by share of protein in total calorie intake and height-for-age z-score, is 

positively associated with future educational outcomes. Children who have a larger share of 

protein in total calorie intake during their early childhood time have a higher probability of 

staying in school after nine years of compulsory education. Furthermore, considering 

accumulated nutrition investment through height-for-age Z scores, better-nourished children 

tend to achieve higher levels of education when they grow up. Therefore, the results provide 

support for the scale up of the current Nutrition Improvement Plan for Rural Compulsory 

Education Students and early childhood nutrition interventions can be adopted as an 

additional way to attempt to narrow the urban-rural education gap. 
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INTRODUCTION 

 Rural-urban inequality has long been a serious social problem in China. Due to 

economic development and special policy focuses on rural areas, disparities between rural 

and urban areas began to decline in the past 10 years. However, people from rural areas are 

still at a great disadvantage when compared to their urban counterparts. Under the "Law of 

Compulsory Education", both urban and rural children's education from primary school to 

junior high school is compulsory. But after nine years of schooling, rural children begin to 

drop out in large numbers. Over 85 percent of junior high school graduates from urban areas 

enter senior high school, but the gross enrollment rate throughout China is only 48.1 percent 

(Ministry of Education, 2006). For college enrollment, only 4 percent of children from rural 

areas end up in college while in China's municipalities the rate of college matriculation is 

nearly 50 percent (X. Wang et al., 2011). 

 Many factors are associated with years of school completed and educational 

attainment in China. Brown and Park (2002) conclude that poverty significantly relates to a 

family's educational investment and children's learning; it is three times easier for children 

from poor and credit-constrained families to quit elementary school than other children. 

Besides household income, parent education also affects decisions related to educational 

investments. Based on household survey data from Gansu, Zhao and Glewwe (2010) find that 

the mother's education level is positively associated with children's years of schooling. 

Further, gender matters in educational attainment, especially in rural China. Rural parents are 

less willing to pay for girls' education since girls will marry into other families and they 

cannot contribute to the household  (Brown and Park, 2002). Migration also raises the 

probability of dropping out. According to a community studied in a case study, Ping and 

Pieke (2003) suggest that the labor market demands reduce people's incentive to receive 
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education beyond elementary numeracy and literacy. Focusing on children in rural China, de 

Brauw and Giles (2008) also find that migrant opportunity tends to have a negative impact on 

student’s high school admission, especially for children whose parents are professionals or 

rich in off-farm work experience. 

 Children's health status also greatly influences their educational attainment. 

According to De Onis, Blössner and Borghi’s estimation (2012), there are 167 million stunted 

children in developing countries all around the world. Glewwe, Jacoby and King (2001) find 

that family income, home environment, and parental characteristics cannot completely justify 

the fact that undernourished children do not perform well in school. Many other papers also 

confirm the relationship between school-aged children’s nutrition and their school 

performance (Taras, 2005). However, few researchers have studied children's nutrient intake 

and educational attainment in the situation of China. If malnutrition hinders children's 

academic performance and force them to drop out early, then nutrition interventions at early 

ages will help rural Chinese children to improve their educational attainment, thus creating an 

additional way to narrow the rural-urban education gap. In November 2011, the State Council 

of China officially launched the "Nutrition Improvement Plan for Rural Compulsory 

Education Students" in order to enhance rural student's health and improve the quality of 

education. The plan is still in the pilot phase and only focused on contiguous poverty stricken 

areas. Therefore, in order to provide empirical support for the nutrition improvement plan and 

lay a foundation for further implementation, this paper will analyze the impact of early 

childhood nutrient intake on later educational attainment in rural and urban areas by using the 

most comprehensive longitudinal dataset on health and nutrition in China, the China Health 

and Nutrition Survey (CHNS).  
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BACKGROUND: NUTRITION IMPROVEMENT PLAN 

 The main contents of "Nutrition Improvement Plan for Rural Compulsory Education 

Students" during the pilot phase are summarized as follows. First, the plan covers 26 million 

students who are in the compulsory education stage from 680 contiguous poverty-stricken 

areas. The central government subsidizes nutritious meals for these children; the standard is 3 

Yuan ($0.49) per student per day, and the annual total expenditure is around 16 billion Yuan 

($2.61 billion), all funded by the central government. Second, the plan encourages different 

regions, especially with focus on minority areas, border areas and old revolutionary base 

areas, to take nutrition improvement actions that suit local circumstances. Third, it sets up an 

overall plan to reconstruct and upgrade school cafeterias in rural primary and secondary 

schools in order to improve students’ dining conditions. Fourth, the plan raises the food 

subsidy standard for boarding school students who are from economically disadvantaged 

families. The standard is 4 Yuan ($0.75) per primary school student and 5 Yuan ($0.82) per 

secondary school student per day. The implementation of the program is closely related to 

anti-poverty strategy and long term child development and has a positive effect on enhancing 

the health and nutritional status of children who are in compulsory education stage and from 

rural and poor mountainous areas.  
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LITERATURE REVIEW 

 A number of studies have analyzed the effect of childhood nutrition interventions on 

children’s cognitive ability when they grow up through experiments. Using data generated 

from an experimental intervention in Guatemalan that provided highly nutritious supplement 

(Atole) during early childhood, Maluccio et al. (2009) find that exposure to the intervention 

increases women's completed grades, reading comprehension tests among both men and 

women, and non-verbal cognitive ability tests 25 years after the intervention ended. However, 

they only focused on four villages in eastern Guatemala. Lucas Morley, and Cole (1998) 

carried out an experiment that fed two groups of preterm infants: one group with a standard 

term formula and another group with a nutritious preterm formula that contained 

macronutrients and micronutrients. They then followed up these preterm infants after 7.5 to 8 

years and find that infants fed with standard infant formula have lower verbal IQ, thereby 

indicating that poor nutrition in early childhood can have an everlasting impact on children's 

cognitive function. However, due to practical and ethical issues, this kind of experiment is 

difficult to carry out. Galler and Ramsey (1989) compared children who suffered from 

moderate-severe protein energy malnutrition after one year they were born with children who 

did not, and find that children with histories of malnutrition are more likely to suffer from 

attention deficits when they grow up to 9 to 15 years old. However, the sample size was small, 

as only 216 children in Barbados were included. 

 Growth assessment is often used to reflect children's health and nutritional status in 

longitudinal data studies. Jamison (1986) measured children's nutritional status with three 

major anthropometric indicators: height-for-age, weight-for-age and weight-for-height. Based 

on data from 350 primary school age children in the Terai region of Nepal, Moock and Leslie 

(1986) used both ordinary least squares (OLS) and probit analysis to prove their hypothesis 

that height-for-age is an important predictor of both children’s school enrollment and age-
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adjusted grade attainment. Furthermore, there is a positive association between weight-for-

height and school enrollment; both of them measure a child’s current status. Glewwe et al. 

(2001) also used height-for-age to reflect nutritional status in the first two years of the child's 

life and find that undernourished children performed poorly in school when they were about 

8 years old and 11 years old; part of the disadvantage results from the fact that they delayed 

their school enrollment since they were considered unprepared for school at the correct age. 

Similarly, Glewwe and Jacoby (1995) firmly support that early childhood malnutrition causes 

delayed enrollment, using the same measure of malnutrition, height-for-age. Their study was 

based on data from 1,757 children ages 6 to 15 in Ghana, and different instruments were used 

for child height-for-age, including wealth proxies (household head's occupation, assets, etc.), 

health prices and mother's height. 

 Other papers measure child malnutrition directly by dietary intake. Sigman et al.  

(1989) measured 138 school-age Kenyan children's food intake by direct observation twice a 

month throughout a year, and find that all kinds of food intake, including calories, protein, 

animal protein, fat and carbohydrates, are positively associated with children's cognitive 

scores in a follow-up study. Children who have more sufficient diets perform better in 

cognitive assessment than children with less sufficient diets. Other research shows that 

academic performance is strongly associated with cognitive ability (Bangirana, Menk, John, 

Boivin, and Hodges, 2013). Instead of children's malnutrition, Fu et al. (2007) analyzed the 

impact of dietary patterns on overall school performance, targeting 2222 children who were 

between 6 to 13 years old in Taiwan. They concluded that children’s favorable school 

performance is positively related to consumption of dairy products and nutrient-dense foods, 

such as fish, vegetables, and eggs. 

 As a leading developing country and the most populous country in the world, China 

also has serious malnutrition problems, especially for children who live in rural areas. 
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Therefore, it is meaningful to delve into the relationship between children’s nutritional status 

and educational attainment in China as well. However, only a few studies focus on this topic 

in China. Jamison (1986) points out that malnutrition impedes Chinese children's school 

performance. Malnutrition is more prevalent in rural and poorer areas than in urban and 

richer areas, and rural students are further behind in school than urban students. 3000 primary 

school children were analyzed from one city and two provinces, Beijing, Jiangsu and Gansu. 

However, schools were not randomly selected, which severely reduces external validity. 

Meng and Glewwe (2010) studied the determinants of basic school attainment with random 

samples of 2000 children in rural areas from the Gansu Survey of Children and Families in 

2000 and 2004. In addition to household income and mothers' education and attitudes, they 

find that children's nutritional status is positively associated with years of schooling, which 

they considered is less understood by other researchers. However, Gansu was the only 

province that the research covered. A recent paper by Luo et al. (2012) shows that a simple 

nutritional intervention, giving children a multivitamin supplement, lowers rates of anemia 

and improves children's standardized math scores. Although the sample covered 3600 

students from 66 randomly selected schools, the research was only based on Shaanxi 

province, making it difficult to generalize to other parts of China. 

 In summary, up to now, the research that focuses on China has the following three 

drawbacks. First, the data that the research used is old; therefore, it cannot reflect how 

childhood malnutrition has changed over the last twenty years. Second, previous papers do 

not have wide geographic coverage and only focus on specific provinces in the west, such as 

Gansu or Shaanxi, which limits their validity for other poor parts of China. Third, previous 

research does not use anthropometric z-score according to 2006 WHO child growth standards 

that better reflect children's actual nutritional status. In this paper, children from both rural 

and urban areas in 8 provinces are covered, and they were followed for more than 10 years. 
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Children's macronutrient intake and height-for age z-score measured in 1989, 1991 and 1993 

but calculated using the WHO (2006) standards are used to reflect their early childhood 

nutrient intake while their educational attainment data come from the 2004, 2006 and 2009 

follow-up surveys.   
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CONCEPTUAL FRAMEWORK 
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Dependent variables 

Two dependent variables are used for measuring children's education: whether or not 

the child is currently in school in the follow-up survey, and the child's highest level of 

education attained when the child was tracked and resurveyed. 

Main independent variables 

As mentioned before, several previous papers have found that child malnutrition will 

hinder school performance, including late enrollment and high dropout. In this paper, two 

methods are used to reflect children's nutrient intake and whether children were 

Urban versus Rural 

Dependent Variable 

Nutrient Intake in Early Ages 
-Share of protein in calorie intake  
-HAZ (height-for-age z-score) 

Child Characteristics 
-Gender 
-Age when they were first surveyed 
-Age when they were followed up 

Parent Characteristics 
-Father education 
-Mother education  
 

Household Characteristics 
-Family income 
-Family size  
 

Education outcomes 
- Currently stay in school or not 
- Highest level of education 
attained 

Community Characteristics 
-Provincial differences 
-Neighborhood/village differences 
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undernourished before they turned 5 years old. First, the share of protein in calorie intake is 

measured since protein is a macronutrient that is known to be important for growth. Second, 

anthropometric height-for-age z-score, which reflects children's cumulative nutrition and 

demonstrates stunting, is used to measure childhood malnutrition. The definition of height-

for-age z-score is “the number of standard deviations that a person's height is away from the 

mean height of a reference healthy population of the same sex and age” (Zhao and Glewwe, 

2010). 

Other explanatory variables 

In addition to nutrition issues, the decision of children's school enrollment, retention 

and completion will also be influenced by child characteristics (gender, age), parent 

characteristics (father education, mother education), household characteristics (family 

income, family size) and community characteristics (province, urban or rural, neighborhood, 

village). Previous research has already demonstrated the relationship between these factors 

and educational attainment (Hunt, 2008).  
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HYPOTHESIS 

As mentioned before, child malnutrition is sufficiently prevalent in rural China in 

1979, thereby greatly impeding children’s performance at school (Jamison, 1986). Many 

researchers have focused on income inequality and differences in returns to education 

between rural and urban areas when studying the determinants of rural children's unfavorable 

educational attainment. However, the long-term effects of young children’s nutritional status 

and their influence on future educational attainment are less well understood (Pridmore, 

2007). Therefore, the first hypothesis is: 

Hypothesis 1: Child nutritional status under 5 years old matters in future school 

enrollment and highest level of education attained. 

According to the research of Sigman et al (1989), there is a correlation between 

children's cognitive scores when they grow up and childhood food intake, which includes 

calories, protein, fat, carbohydrate etc. Many papers have found that school-aged children 

who experienced protein malnutrition are at a greater disadvantage when compared with 

well-nourished children since they tend to have relatively weak learning ability (Pridmore, 

2007). Based on these conclusions, the second hypothesis is: 

Hypothesis 2: Unsatisfactory child nutritional status leads to early dropout and low 

level of educational attainment. 
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DATA AND METHODS 

Data 

 
 This study uses data from the China Health and Nutrition Survey (CHNS), which is 

an ongoing longitudinal survey and is carried out collaboratively by the Carolina Population 

Center at the University of North Carolina and the National Institute of Nutrition and Food 

Safety at the Chinese Center for Disease Control and Prevention. The survey began in 1989 

and follow-up rounds were conducted in 1991, 1993, 1997, 2000, 2004, 2006, 2009 and 2011 

through a multistage, random cluster process. In 1989, 1991 and 1993 rounds, the CHNS 

covered households from eight provinces (Liaoning, Jiangsu, Shandong, Henan, Hubei, 

Hunan, Guangxi and Guizhou); a new province, Heilongjiang, was included in 1997 when 

Liaoning was unable to participate due to a natural disaster. Liaoning reentered the study in 

2000 and nine provinces are covered in the subsequent rounds. The response rate1 is around 

85% on average at individual level while at household level the rate is around 89% on 

average (Popkin, Du, Zhai, and Zhang, 2010).  

 The CHNS is uniquely appropriate for studying the impact of early childhood nutrient 

intake on later educational attainment in rural and urban China since the dataset has long 

duration and large geographic coverage. Furthermore, the strength of CHNS lies in its 

nutrition data. In each survey, dietary intake is collected for three consecutive days based on 

each individual's 24-hour recall of food consumption. However, one main limitation of 

CHNS for my study is the attrition problem among children. School children who study in 

boarding schools or enter colleges and universities left the household and no longer 

participated in the follow-up surveys. Besides, children who live in rural areas and are above 

                                                
1 The response rate is based on those who participated in previous survey and continued to participate in the 
subsequent survey. If response rate is defined based on 1989 samples, then the rate is around 69% at individual 
level and 79% at household level, on average. 
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15 years old (9 years compulsory education in addition to statutory school age, 6 years old) 

often migrate to big cities to find jobs, leading to further attrition. 

Analysis Plan 
 

Subjects 
 

In most countries, early childhood is defined as the period from birth to five years old, 

a stage before normal schooling. Therefore, children initially aged between 0 to 5 years old in 

1989, 1991 and 1993 round, and tracked and resurveyed in 2004, 2006 and 2009 round are 

selected. Multiple rounds are selected and combined in order to enlarge the sample size; 

therefore, each individual can have up to 3 observations in both first-surveyed rounds and 

resurveyed rounds. In this study, only the data for first occurrence of each child are kept. To 

be included in the sample, the children then have to reappear in the data set in either 2004, 

2006, or 2009, when they would be likely to be making decisions about continuing in school.  

Under these selection rules, 585 children are found and become my sample. 

Measures 
 
1) Dependent Variables 

Currently stay in school or not. An individual's educational attainment is measured 

whether the individual is currently in school during the follow-up survey in 2004, 2006 and 

2009. The dependent variable is coded as a binary variable equaling one if the child is still in 

school the time he or she was resurveyed, and zero if the child dropped out.  

Highest level of education attained. An individual's educational attainment is also 

measured by highest level of education attained, including below primary school, primary 

school degree, secondary school degree, high school degree and technical or college degree 

or above five levels. In China, compulsory education lasts nine years, which includes six 

years of primary school education and three years of secondary education or middle school. 
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The compulsory education law allows primary school graduates to enter secondary schools 

directly. However, since high school education is not compulsory, students graduated from 

secondary school can either continue with a three-year high school study or go into technical 

or vocational schools. High school graduates can further enroll in colleges or universities if 

they pass the National Higher Education Entrance Examination. 

2) Main independent variables 

Share of protein in calorie intake. It is more appropriate to use relative measures rather 

than absolute ones to measure children's nutrient intake since the absolute number is strongly 

associated with the amount of food consumption, which increases with age  (Wang et al., 

2002). Therefore, my research measures early childhood nutrient intake by the share of 

protein in calorie intake, using each individual's three-day average macronutrient intake data, 

which includes energy intake (kilocalorie) and calorie intake (gram). Since there are 4.1 kcal 

in each gram of protein, the share of protein in total calorie intake can be calculated. 

Anthropometric Indicators. Due to the fact that macronutrient intake was measured for 

only three consecutive days in each round, the data is a snapshot measure of nutritional 

status, so it is possible that the data does not accurately reflect children's long term nutrient 

intake and their actual situation of malnutrition. Therefore, height-for-age z-score for each 

individual in 1989, 1991 and 1993 round is included in order to reflect the cumulative 

investment in children's nutrition in their early ages. According to Zhao and Glewwe (2010), 

a height-for-age z-score that is lower than -3 reflects severe stunting, and suggests moderate 

stunting if height-for-age z-score is in the range of -3 and -2 while implying mild stunting if 

the indicator is between -2 and -1. 

Methods 
 

The primary purpose of this study is to analyze the relationship between early 

childhood nutrient intake and children’s future educational attainment. In other words, I want 
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to have a better understanding of whether childhood nutritional status is a good predictor for 

educational outcomes under the background of China. Therefore, the regression analysis in 

this paper consists of two related parts. First, an ordinary least squares (OLS) regression 

model is used. Second, in order to capture the non-linear relationship between educational 

outcomes and childhood nutritional status, as well as to constrain the estimated probabilities 

to lie between 0 and 1, I also logistic regression model. 

1) OLS model 

YCurrentSchool04/06/09=χ0+χ1XProteinShare89/91/93+χ2Z04/06/09+φ    (1a1) 

YCurrentSchool04/06/09=α0+ α1XHAZ89/91/93+ α2Z04/06/09+ε    (1a2) 

YEducationAttained04/06/09=θ0+θ1XProteinShare89/91/93+θ2Z04/06/09+µ   (1b1) 

YEducationAttained04/06/09=γ0+γ1XHAZ89/91/93+γ2Z04/06/09+ν    (1b2) 

2) Logistic model 

P(YCurrentSchool04/06/09=1|X)= !

!!!!(!"!  !"!!"#$%&'()*"%+,/!"/!"!  !"!!"/!"/!"!!)
 (2a1) 

P(YCurrentSchool04/06/09=1|X)= !

!!!!(!!!  !!!!"#$%/!"/!"!  !!!!"/!"/!"!!)
  (2a2) 

P(YEducationAttained04/06/09=1|X)= !

!!!!(!!!  !!!!"#$%&'()*"%+,/!"/!"!  !!!!"/!"/!"!!)
 (2b1) 

P(YEducationAttained04/06/09=1|X)= !

!!!!(!!!  !!!!"#$%/!"/!"!  !!!!"/!"/!"!!)
  (2b2) 

 

Z2004/2006/2009 is a vector of all the other explanatory variables that influence children's 

educational attainment, including child characteristics, parental characteristics, household 

characteristics and community characteristics. For the OLS model, community fixed effects 

will be included while province level fixed effects will be included in the logistic estimation. 

Furthermore, due to China's urban-rural inequality, all of the regressions will be run 

separately for urban and rural areas. In logistic models 2b1 and 2b2, the educational 

attainment variable, the highest level of education attained, is reconstructed as a binary 
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variable, highschool, which equals one if the child attains a high school level or above degree, 

and zero if the child does not. A high school degree is selected as the cut-off point since it is 

not compulsory and students start to drop out greatly after they complete secondary school 

education. Table 1 below shows the definition of every specified variable. 

Table 1. Definition of specified variables 
 

 

  

Variable Definition
Dependent variable
Currently in school Dummy variable=1 if the child is currently in school

OLS Model: Categorical variable
Below primary school=0
Primary school degree=1
Middle school degree=2
High school degree=3
Technical or college degree or above=4
Logistic model: Dummy variable
Dummy variable=1 if the child has attained high school degree

Main independent variable
Share of protein Continuous variable for share of protein in total calorie intakes (%)
Height-for-age z-score Continuous variable for Height-for-age Z-scores
Other explanatory variables
Gender Dummy variable=1 if the sex of the child is male

Age (first-surveyed)
Continuous variable for the age of the child when he or she was first surveyed in 
1989, 1991 or 1993 (calculated age in years to 2 decimal points)

Age (re-surveyed)
Continuous variable for the age of the child when he or she was re-surveyed in 
2004, 2006 or 2009 (calculated age in years to 2 decimal points)

Mother education

Categorical variable:
Below primary school=0
Primary school degree=1
Middle school degree=2
High school degree or above=3

Father education

Categorical variable:
Below primary school=0
Primary school degree=1
Middle school degree=2
High school degree or above=3

Family income
Continuous variable:
Per capita annual household income inflated to year 2011 (Logarithm)

Small household Dummy variable=1 if the household has 2 or 3 members
Urban Dummy variable=1 if the child lives in urban areas

Wave dummy
Categorical variable:
First survey round:1989, 1991, 1993
Re-survey round: 2004, 2006, 2009

Province dummy Categorical variable:
Liaoning, Shandong, Henan, Hubei, Hunan, Guangxi and Guizhou

Highest level of education attained



 16 

RESULTS 

Descriptive Results 
 
 Table 2 shows the complete summary statistics for variables of interest. In total, there 

are 585 pre-school children under the age of five in the 1989, 1991 and 1993 sample: they are 

from 8 different provinces, Liaoning, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi and 

Guizhou. 72.8% of the children in this sample are from rural areas while 27.2% are from 

urban areas. The average age when children were first surveyed was 1.9 years and their 

average age was 16.2 years when they were followed up. Therefore, there is on average a 14-

year lag and children have grown up to the age when they have finished the 9 years 

compulsory education and start to drop out. For children's nutritional status in the earlier 

round, the data shows that the average share of protein in total energy consumed is 12.35%, 

while the average height-for-age z-score is -1.43, which suggests mild stunting on average. In 

total, 58.8% of the sample population is mildly stunted or worse. This finding is reasonable, 

since 72.8% of the sample population is from rural areas and children there have a higher 

probability to suffer from childhood malnutrition. The sample households had an average per 

capita annual income of 5595.9 Yuan when the households were resurveyed. 
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Table 2. Summary statistics of variables 
 

 

 Table 3 reports the age distribution of children both when they were first surveyed in 

the first three rounds (1989, 1991 and 1993) and when they were followed up in the latest 

three rounds (2004, 2006 and 2009). Children who were above 20 years old when they were 

resurveyed are excluded since it is too old for them to stay in school. 

  

Variable Observations Mean Std. Dev. Min Max
Dependent variable
Currently in school? (1=yes) 585 0.69 0.46 0 1
Child's education attainment 585 2.09 0.79 0 4

OLS Model:
Below primary school (0) 585 0.01 0.10 0 1
Primary school degree (1) 585 0.18 0.39 0 1
Middle school degree (2) 585 0.58 0.49 0 1
High school degree (3) 585 0.16 0.37 0 1
Technical or college degree or above (4) 585 0.06 0.24 0 1

Logistic Model:
High school degree? (1=yes) 585 0.23 0.42 0 1

Key independent variable
Share of protein (%) 585 12.35 3.05 3.03 31.03
Height-for-age z-score 531 -1.43 1.41 -6.32 4.56
Other explanatory variables
Gender (1=male) 585 0.56 0.50 0 1
Age (first-surveyed) 585 1.94 1.18 0.03 4.94
Age (re-surveyed) 585 16.20 1.94 11.45 19.96
Father's education attainment

Below primary school 585 0.19 0.39 0 1
Primary school degree 585 0.14 0.34 0 1
Middle school degree 585 0.41 0.49 0 1
High school degree or above 585 0.26 0.44 0 1

Mother's education attainment
Below primary school 585 0.25 0.43 0 1
Primary school degree 585 0.22 0.41 0 1
Middle school degree 585 0.37 0.48 0 1
High school degree or above 585 0.16 0.37 0 1

Per capita household income (Logarithm) 585 8.26 0.98 2.72 10.64
Small household 585 0.22 0.42 0 1
Urban 585 0.27 0.45 0 1
Liaoning 585 0.11 0.31 0 1
Jiangsu 585 0.09 0.29 0 1
Shandong 585 0.09 0.28 0 1
Henan 585 0.15 0.35 0 1
Hubei 585 0.16 0.37 0 1
Hunan 585 0.13 0.34 0 1
Guangxi 585 0.16 0.36 0 1
Guizhou 585 0.12 0.32 0 1
Wave 1989 585 0.42 0.49 0 1
Wave 1991 585 0.36 0.48 0 1
Wave 1993 585 0.22 0.41 0 1
Wave 2004 585 0.84 0.36 0 1
Wave 2006 585 0.13 0.34 0 1
Wave 2009 585 0.02 0.15 0 1
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Table 3. Age distribution of sample population 
 

 
 

Future school enrollment 

 Table 4 reports the preliminary examination of the data when considering future 

school enrollment. Urban children have a relatively higher share of protein, 12.7%, in total 

food consumption when compared with their rural counterparts, 12.2%; besides, children 

who were still in school when they were tracked and resurveyed have a higher share of 

protein in total energy consumed in their childhood time. On average, among dropouts the 

share of protein in total energy consumed during childhood is 11.9%, 0.7 percentage points 

lower than that of children who are still in school. The situation also holds when 

anthropometric indicator is used to measure childhood nutritional status. Children who 

dropped out early were more stunted when they were under the age of 5 since the average 

height-for-age z-score for them is -1.7 while the childhood height-for-age z-score is -1.3 for 

children who did not drop out early.  

  

Age Observations Percent Age Observations Percent
Under 1 154 26.32 11 9 1.54

1 176 30.09 12 27 4.62
2 133 22.74 13 44 7.52
3 83 14.18 14 78 13.33
4 39 6.67 15 120 20.51

16 92 15.73
17 91 15.56
18 78 13.33
19 46 7.86

Total 585 100.00 585 100.00

First surveyed (1989, 1991, 1993) Re-surveyed (2004, 2006, 2009)
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Table 4. Childhood nutritional status averages by future school enrollment 
 

 

 

Table 5. Childhood nutritional status averages by future educational attainment 
 

 
 

Future educational attainment 
 

Table 5 reports the preliminary findings for future educational attainment. There is a 

positive relationship between child nutritional status and future educational attainment. Both 

higher share of protein in total energy consumed and higher height-for-age z-score (less 

stunted) during childhood time can lead to a higher level of education attained. At all the 

educational attainment levels except below primary school and high school degree, children 

from urban areas tend to have a higher level of share of protein in childhood dietary intake 

relative to children from rural areas. For children whose educational attainment was below 

primary school, primary school degree and technical or college degree or above when they 

were resurveyed, they were more stunted when they were first surveyed if they are from rural 

areas instead of urban areas. 

Overall
Obs. Mean Std. Dev. Obs. Mean Std. Dev. Obs. Mean Std. Dev.

ln School 403 12.6 3.2 127 13.1 3.5 276 12.3 3.0
Not in school 182 11.9 2.6 32 11.2 2.5 150 12.0 2.6
Total 585 12.4 3.0 159 12.7 3.4 426 12.2 2.9

Obs. Mean Std. Dev. Obs. Mean Std. Dev. Obs. Mean Std. Dev.
ln School 403 -1.3 1.5 127 -1.4 1.4 276 -1.2 1.5
Not in school 182 -1.7 1.3 32 -1.7 1.4 150 -1.7 1.2
Total 585 -1.4 1.4 159 -1.5 1.4 426 -1.4 1.4

Share of protein (%)

Height-for-age z-score

Urban Rural

Overall Urban Rural

Obs. Mean Std. Dev. Obs. Mean Std. Dev. Obs. Mean Std. Dev.
Below primary school 6 11.9 2.6 1 9.3 . 5 12.4 2.5
Primary school degree 106 12.2 3.4 26 12.5 3.9 80 12.1 3.3
Middle school degree 341 12.3 2.9 72 13.0 3.5 269 12.2 2.8
High school degree 95 12.5 3.0 40 12.2 3.0 55 12.7 3.0
Technical or college degree or above 37 12.7 3.0 20 13.1 3.3 17 12.1 2.7
Total 585 12.4 3.0 159 12.7 3.4 426 12.2 2.9

Obs. Mean Std. Dev. Obs. Mean Std. Dev. Obs. Mean Std. Dev.
Below primary school 6 -2.4 1.5 1 -0.9 . 5 -2.7 1.5
Primary school degree 106 -1.7 1.6 26 -1.5 1.6 80 -1.7 1.6
Middle school degree 341 -1.4 1.4 72 -1.5 1.4 269 -1.3 1.4
High school degree 95 -1.3 1.4 40 -1.4 1.4 55 -1.2 1.5
Technical or college degree or above 37 -1.5 1.2 20 -1.4 1.3 17 -1.6 1.0
Total 585 -1.4 1.4 159 12.7 3.4 426 12.2 2.9

Share of protein (%)

Height-for-age z-score

Overall Urban Rural

Overall Urban Rural
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Results and Discussion 

OLS Estimation 
 

The OLS estimation results are reported in Table 6 and Table 7.  

In Table 6, the dependent variable is whether or not the child is currently in school 

when he was resurveyed. Column 1 to Column 4 present the regression results when the key 

independent variable is share of protein in total calorie intake while in Colum 5 to Column 8 

the key independent variable is pre-school height-for-age z-score. According to the 

coefficient estimate in Table 6, share of protein in total calorie intake during early childhood 

has a positive and significant effect on the later dropout decision, implying that the larger 

share of protein a child consumed when he was young, the longer time he would stay in 

school. Without controlling fixed effects in Column 1, a 1 percentage point increase in share 

of protein will increase the predicted probability of staying in school in later rounds by 0.01 

on average (p<0.05), holding other variables constant. Column 2 presents the results when 

community fixed effects is controlled for; the coefficient for share of protein increases 

slightly from 0.011 to 0.014 and remains statistically significant (p<0.05). This is a 

substantial impact, as for every 10-percentage point increase in share of protein; the 

probability of dropping out early will decrease in the future by 14 percent holding other 

things constant. Furthermore, the regression results for urban and rural areas are reported 

respectively in Column 3 and Column 4. Early childhood nutritional status has a stronger 

impact on rural children than on their urban counterparts; the probability of a rural child’s 

staying in school when resurveyed is predicted to be 0.0051 points higher than that of a urban 

child given a 1-percentage point increase in share of protein consumed during childhood 

(although both of the two estimates are not statistically significant). 

From Column 5 to 8, the height-for-age z-score is included in the regression as the 

primary independent variable, reflecting childhood nutritional status. Although none of the 
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coefficient estimates prove to be statistically significant, the results show a positive 

correlation between the height-for-age z-score and whether or not staying currently in school 

later on (except the urban model). The unexpected negative sign on the estimated coefficient 

on the height-for-age z-score among the urban subsample in Column 8 can be thought of as a 

non-result, and the point estimate is potentially negative due to the small sample. 

Table 6. OLS estimation for whether or not staying currently in school 
 

 
 
  

OLS Model

(1) (2) (3) (4) (5) (6) (7) (8)
Independent Variables National Fixed effect Rural Urban National Fixed effect Rural Urban

Childhood nutritional status
Share of protein (%) 0.0113** 0.0140** 0.0133 0.00816

(0.00543) (0.00705) (0.00870) (0.0113)
Height-for-age zscore 0.0162 0.0148 0.0185 -0.0129

(0.0130) (0.0134) (0.0182) (0.0200)
Child characteristic
Male (1,0) 0.0316 0.0240 0.0662 -0.0545 0.0479 0.0292 0.0687 -0.0424

(0.0335) (0.0346) (0.0434) (0.0662) (0.0352) (0.0370) (0.0462) (0.0701)
Age (first-surveyed) 0.132 0.0844 0.0959 0.384 0.156 0.109 0.154 0.508

(0.162) (0.249) (0.333) (0.495) (0.171) (0.249) (0.325) (0.499)
Age (re-surveyed) -0.251 -0.209 -0.252 -0.444 -0.278 -0.242 -0.317 -0.578

(0.160) (0.247) (0.331) (0.488) (0.170) (0.246) (0.322) (0.495)
Parent characteristic
Mother's education

Primary school degree 0.0443 0.0467 0.0185 -0.0893 0.0425 0.0263 -0.00485 -0.106
(0.0497) (0.0641) (0.0706) (0.167) (0.0522) (0.0676) (0.0738) (0.172)

Middle school degree 0.0798* 0.0799 0.0701 0.0341 0.109** 0.0784 0.0549 0.0440
(0.0477) (0.0595) (0.0718) (0.141) (0.0495) (0.0629) (0.0784) (0.138)

High school degree or above 0.134** 0.118* 0.170* -0.00969 0.135** 0.0891 0.126 -0.0245
(0.0590) (0.0711) (0.0937) (0.154) (0.0614) (0.0750) (0.0994) (0.157)

Father's education
Primary school degree 0.0775 0.140* 0.203** 0.0518 0.0630 0.133 0.176* 0.0770

(0.0795) (0.0799) (0.0995) (0.179) (0.0817) (0.0814) (0.104) (0.178)
Middle school degree 0.116* 0.0974 0.0883 0.190 0.0979 0.100 0.0744 0.239

(0.0688) (0.0745) (0.0945) (0.155) (0.0697) (0.0752) (0.0989) (0.151)
High school degree or above 0.215*** 0.151* 0.161 0.194 0.190** 0.157* 0.168 0.228

(0.0717) (0.0791) (0.105) (0.152) (0.0739) (0.0804) (0.108) (0.144)
Household characteristic
Per capita income (logarithm) 0.0125 0.00305 -0.0117 -0.0125 0.0227 0.00445 -0.0104 -0.00924

(0.0181) (0.0197) (0.0275) (0.0346) (0.0193) (0.0213) (0.0295) (0.0369)
Small household (1,0) 0.0304 -0.0155 -0.00738 -0.244** 0.00974 -0.0325 -0.0310 -0.279***

(0.0382) (0.0473) (0.0599) (0.0932) (0.0414) (0.0539) (0.0683) (0.0980)
Urban (1,0) 0.137*** 0.167*** 0.139*** 0.203***

(0.0395) (0.0589) (0.0417) (0.0642)
Dummies
Wave 2006 0.238 0.154 0.246 0.516 0.303 0.216 0.372 0.761

(0.323) (0.498) (0.670) (0.975) (0.344) (0.495) (0.654) (0.979)
Wave 2009 0.449 0.0829 0.236 1.484 0.611 0.264 0.574 2.110

(0.797) (1.221) (1.638) (2.448) (0.846) (1.217) (1.591) (2.474)
Wave 1991 -0.237 -0.0919 -0.164 -0.590 -0.283 -0.160 -0.297 -0.790

(0.305) (0.469) (0.634) (0.903) (0.323) (0.468) (0.619) (0.914)
Wave 1993 -0.560 -0.357 -0.462 -1.403 -0.642 -0.487 -0.727 -1.900

(0.628) (0.968) (1.298) (1.929) (0.666) (0.966) (1.262) (1.952)
Community Fixed Effect × × × × × ×
Constant 4.102* 3.545 4.332 7.436 4.575* 4.237 5.536 9.469

(2.385) (3.669) (4.912) (7.231) (2.529) (3.665) (4.798) (7.305)
Observations 574 574 418 156 522 522 378 144
R-squared 0.320 0.548 0.596 0.546 0.326 0.554 0.610 0.555
Robust standard errors in parenthese.
*** p<0.01, ** p<0.05, * p<0.1

Dependent variable: Currently in school? 
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Table 7 presents the OLS regression results when the dependent variable is the child’s 

highest level of education attained when he was followed up. There are no statistically 

significant results when childhood nutritional status is measured by the share of protein in 

total calorie intake (column 1 to 4). However, the results show a positive relationship 

between the share of protein consumed when children were first surveyed and the highest 

level of education attained when they were resurveyed.  

From Column 5 to Column 8, the key independent variable is the height-for-age z-

score. As expected, the pre-school height-for-age z-score has a positive and significant 

influence on the highest level of education attained. As the z-score is an anthropometric 

indicator of the health or nutrition status of a child, a positive coefficient for height-for-age z-

score means that a healthier child tends to achieve a higher level of education. Column 5 

reports the result before community fixed effects is controlled for. Holding other variables 

constant, a one standard deviation increase in height-for-age z-score will increase the level of 

education that a child can attain in his later life by 0.059 (p<0.01), on average. The 

coefficient on the height-for-age z-score is slightly larger, increasing from 0.059 to 0.067 

(p<0.01), once community fixed effects is included (column 6). When children from rural 

and urban areas are analyzed separately (columns 7 and 8), the statistically significant result 

still holds for rural children, but not for their urban counterparts. For rural children, an 

additional standard deviation increase in pre-school height-for-age z-score leads to a 0.074 

unit increase (p<0.05) in the level of educational attainment. It should be pointed out that the 

result given by OLS estimation is difficult to interpret, because educational attainment is 

constructed as an ordinal variable, which implies the difference between values does not 

matter. However, there is no doubt that the impact of a unit increase from high school level to 

a higher education level is much greater than that from primary school level to secondary 
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school level. Therefore, it is meaningful to include logistic regression to estimate a more 

interpretable relationship. 

Consistent with the findings of previous research, coefficients on a selection of other 

explanatory variables, such as household income, parents’ education, the father’s education 

level, and the urban indicator variable are all statistically significant in many of all of the 

specifications used. The richer the family, the more parents are educated, the higher 

probability for the child to stay in school longer and achieve a higher level of education. 

Further, children from urban areas are in an advantaged position and tend to have better 

educational attainment when compared with children from rural areas. 

Table 7. OLS estimation for highest level of education attained 
 

 

OLS Model

(1) (2) (3) (4) (5) (6) (7) (8)
Independent Variables National Fixed effect Rural Urban National Fixed effect Rural Urban

Childhood nutritional status
Share of protein (%) 0.00737 0.0144 0.0113 0.0170

(0.00831) (0.00996) (0.0106) (0.0247)
Height-for-age zscore 0.0588*** 0.0669*** 0.0743** 0.0363

(0.0199) (0.0225) (0.0289) (0.0446)
Child characteristic
Male (1,0) 0.0133 0.0547 0.0287 0.201 0.0378 0.0718 0.0282 0.259*

(0.0563) (0.0592) (0.0709) (0.132) (0.0598) (0.0639) (0.0766) (0.142)
Age (first-surveyed) 0.320 0.0734 0.515 -1.634 0.419 0.0773 0.645 -2.104*

(0.250) (0.456) (0.510) (1.119) (0.261) (0.485) (0.531) (1.184)
Age (re-surveyed) -0.116 0.146 -0.322 1.922* -0.201 0.155 -0.435 2.389**

(0.247) (0.455) (0.509) (1.114) (0.259) (0.484) (0.531) (1.181)
Parent characteristic
Mother's education

Primary school degree 0.130 0.134 0.164 -0.0526 0.156* 0.152 0.191 -0.0564
(0.0809) (0.104) (0.118) (0.259) (0.0846) (0.112) (0.127) (0.271)

Middle school degree 0.124 0.0510 0.0734 -0.364 0.168** 0.0762 0.105 -0.369
(0.0780) (0.0982) (0.111) (0.243) (0.0820) (0.105) (0.120) (0.240)

High school degree or above 0.130 0.0501 0.251 -0.559** 0.194* 0.0852 0.284 -0.553**
(0.0992) (0.134) (0.175) (0.248) (0.104) (0.143) (0.186) (0.255)

Father's education
Primary school degree 0.346*** 0.205 0.0547 1.001*** 0.382*** 0.260 0.106 0.999***

(0.126) (0.160) (0.200) (0.303) (0.132) (0.161) (0.199) (0.323)
Middle school degree 0.370*** 0.175 0.100 0.795*** 0.395*** 0.238 0.169 0.785**

(0.102) (0.145) (0.179) (0.298) (0.108) (0.145) (0.177) (0.310)
High school degree or above 0.531*** 0.277* 0.126 0.850*** 0.514*** 0.321** 0.135 0.928***

(0.111) (0.152) (0.195) (0.299) (0.118) (0.154) (0.191) (0.310)
Household characteristic
Per capita income (logarithm) 0.0994*** 0.102*** 0.0814 0.124* 0.0864*** 0.0996*** 0.0942* 0.0821

(0.0272) (0.0372) (0.0512) (0.0681) (0.0294) (0.0381) (0.0515) (0.0662)
Small household (1,0) 0.0264 -0.115 -0.0839 -0.262 0.00543 -0.126 -0.0685 -0.293*

(0.0645) (0.0812) (0.0979) (0.170) (0.0683) (0.0889) (0.109) (0.173)
Urban (1,0) 0.214*** 0.198** 0.243*** 0.224**

(0.0687) (0.0993) (0.0739) (0.106)
Dummies
Wave 2006 0.597 0.192 1.012 -3.165 0.773 0.215 1.272 -4.076*

(0.489) (0.913) (1.003) (2.238) (0.515) (0.972) (1.055) (2.348)
Wave 2009 1.693 0.277 2.630 -9.866* 2.129 0.252 3.188 -12.08**

(1.245) (2.314) (2.594) (5.558) (1.309) (2.457) (2.692) (5.863)
Wave 1991 -0.595 -0.0546 -0.930 2.975 -0.754 -0.0495 -1.168 3.809*

(0.477) (0.876) (0.988) (2.072) (0.500) (0.931) (1.033) (2.184)
Wave 1993 -1.371 -0.335 -2.066 6.544 -1.696* -0.299 -2.520 8.428*

(0.973) (1.788) (2.006) (4.407) (1.020) (1.900) (2.089) (4.668)
Community Fixed Effect × × × × × ×
Constant 2.090 -1.730 5.576 -28.46* 3.557 -1.685 7.290 -34.81*

(3.686) (6.851) (7.633) (16.73) (3.871) (7.274) (7.931) (17.68)
Observations 574 574 418 156 522 522 378 144
R-squared 0.375 0.546 0.540 0.659 0.385 0.555 0.550 0.666
Robust standard errors in parenthese.
*** p<0.01, ** p<0.05, * p<0.1

Dependent variable: Highest level of education attained
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Logistic Estimation 
 

In order to capture the non-linear relationship between educational outcomes and 

childhood nutrition status and constrain the estimated probabilities to lie between 0 and 1, 

logistic estimation is used to re-examine the association between early childhood nutrient 

intake and children’s future educational attainment. Table 8 and Table 9 present the logistic 

estimation result.  

In Table 8, the dependent variable is whether or not the child is currently in school 

when he was resurveyed. Column 1 to Column 4 present the regression results for share of 

protein in total calorie intake while Column 5 to Column 8 show the regression estimation 

when pre-school height-for-age z-score is used to reflect childhood nutritional status. 

Consistent with OLS estimation, there is a positive relationship between share of protein 

consumed during early childhood and late dropout. In Column 2, when province fixed effects 

is included, the coefficient for share of protein suggests that holding other variables constant, 

an additional percentage point increase in share of protein in a child’s childhood diet is 

associated with increasing the odds of staying at school when the child was resurveyed by 12 

percent (p<0.05). When rural and urban children are analyzed separately, the result is 

different from that of OLS model. The odds ratio of an urban child’s staying in school when 

resurveyed is 0.211 higher than that of a rural child given a 1-percentage point increase in 

share of protein (although the rural estimate is not statistically significant). For height-for-age 

z-score, neither coefficient proves to be statistically significant, demonstrating the same result 

as the output of OLS estimation.  

  



 25 

Table 8. Logistic estimation for whether or not staying currently in school 
 

 
 

Table 9 reports the output when dependent variable is the highest level of education 

attained, which is a categorical variable and is reconstructed as a binary variable 

(highschool). The variable equals one if the child attains high school level or above degree, 

and zero if the child does not. When childhood nutritional status is measured by share of 

protein in calorie intake (column 1 to 4), only one significant result is found. For rural 

children (column 2), an additional percentage point increase in share of protein in their 

childhood diet is associated with increasing the odds of obtaining a high school degree in the 

future by 29.5 percent  (p<0.01). From Column 5 to Column 8, the key independent variable 

is pre-school height-for-age z-score. When province fixed effects is controlled (column 6), 

Logistic Model (Odds ratio)

(1) (2) (3) (4) (5) (6) (7) (8)
Independent Variables National Fixed effect Rural Urban National Fixed effect Rural Urban

Childhood nutritional status
Share of protein (%) 1.100** 1.120** 1.097 1.318**

(0.0470) (0.0539) (0.0692) (0.163)
Height-for-age zscore 1.128 1.135 1.112 0.994

(0.1040) (0.1110) (0.1280) (0.208)
Child characteristic
Male (1,0) 1.16 1.105 1.288 0.533 1.214 1.147 1.356 0.721

(0.271) (0.271) (0.368) (0.377) (0.298) (0.298) (0.420) (0.417)
Age (first-surveyed) 2.256 0.354 0.835 114.5 2.329 0.356 0.717 8.397

(2.306) (0.513) (1.430) (509.5) (2.499) (0.556) (1.346) (35.33)
Age (re-surveyed) 0.201 1.25 0.478 0.00469 0.193 1.209 0.539 0.0606

(0.203) (1.807) (0.822) (0.0210) (0.206) (1.894) (1.017) (0.257)
Parent characteristic
Mother's education

Primary school degree 1.215 1.264 1.107 0.892 1.247 1.229 1.075 1.293
(0.389) (0.474) (0.449) (1.364) (0.423) (0.472) (0.455) (1.712)

Middle school degree 1.676 1.861* 1.452 5.135 2.034** 2.231** 1.711 6.103
(0.531) (0.670) (0.584) (6.294) (0.671) (0.829) (0.729) (7.239)

High school degree or above 2.493** 2.611* 2.236 5.154 2.433** 2.442* 1.884 6.103
(1.059) (1.333) (1.319) (7.106) (1.043) (1.262) (1.154) (8.080)

Father's education
Primary school degree 1.421 2.055 2.445 0.197 1.28 1.915 2.041 0.574

(0.739) (1.041) (1.519) (0.218) (0.680) (0.986) (1.308) (0.567)
Middle school degree 1.755 2.362** 2.208 0.987 1.501 2.051 1.73 2.185

(0.798) (1.032) (1.170) (0.974) (0.700) (0.926) (0.963) (1.996)
High school degree or above 3.631*** 5.275*** 6.217*** 2.635 2.993** 4.511*** 5.191*** 4.022

(1.734) (2.538) (3.718) (2.458) (1.475) (2.233) (3.241) (3.554)
Household characteristic
Per capita income (logarithm) 1.122 1.042 1.055 0.767 1.206 1.142 1.163 0.943

(0.147) (0.139) (0.170) (0.236) (0.161) (0.158) (0.199) (0.270)
Small household (1,0) 1.219 1.173 1.296 0.527 1.123 1.025 1.051 0.686

(0.328) (0.351) (0.472) (0.339) (0.321) (0.335) (0.429) (0.428)
Urban (1,0) 3.178*** 3.334*** 3.027*** 3.141***

(0.952) (1.067) (0.922) (1.016)
Dummies
Wave 2006 4.467 0.0972 0.625 4084 5.289 0.106 0.472 24.37

(9.051) (0.280) (2.134) (35977) (11.38) (0.329) (1.760) (207.6)
Wave 2009 8.892 0.000772 0.0956 9.778 0.00088 0.0476

(45.11) (0.00561) (0.820) (52.12) (0.00693) (0.448)
Wave 1991 0.234 8.166 1.25 0.236 8.614 1.736

(0.457) (22.83) (4.170) (0.485) (26.05) (6.358)
Wave 1993 0.0998 229.2 5.999 0.128 268.4 12.83

(0.400) (1335) (41.38) (0.537) (1694) (97.15)
Province Fixed Effect × × × × × ×
Constant 6.32E+09 0.01 25,352 4.87E+34 2.45E+10 0.0368 8,185 3.44E+18

(9.528E+09) (0.215) (647579) (3.161E+36) (3.902E+11) (0.859) (230113) (2.146E+20)
Observations 574 574 418 109 522 522 378 102
Robust seeform in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Dependent variable: Currently in school? 
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the result states that if all else equal, a standard deviation increase in a child’s pre-school 

height-for-age z-score will result in a 1.311 unit (p<0.01) increase in the odds of completing 

high school level of study later in his life. Columns 7 and 8 show the results when urban and 

rural children are analyzed separately. The impact of early childhood nutritional status on 

high school degree attainment is stronger for urban children than for rural children, which is 

contrary to OLS estimation (although both urban and rural estimates are not statistically 

significant).  

Table 9. Logistic estimation for the highest level of education attained 

 

  

Logistic Model (Odds ratio)

(1) (2) (3) (4) (5) (6) (7) (8)
Independent Variables National Fixed effect Rural Urban National Fixed effect Rural Urban

Childhood nutritional status
Share of protein (%) 1.052 1.064 1.099* 1.091

(0.0398) (0.0414) (0.0586) (0.0877)
Height-for-age zscore 1.295*** 1.311*** 1.211 1.324

(0.124) (0.134) (0.151) (0.299)
Child characteristic
Male (1,0) 1.04 1.069 1.254 1.537 1.232 1.28 1.321 2.175

(0.275) (0.288) (0.436) (0.906) (0.344) (0.364) (0.508) (1.410)
Age (first-surveyed) 2.636 1.157 1.969 0.336 3.368 2.568 7.146 0.123

(2.844) (1.722) (3.686) (1.171) (3.944) (4.203) (14.29) (0.436)
Age (re-surveyed) 0.938 2.19 1.124 16.21 0.793 1.055 0.33 47.13

(1.007) (3.263) (2.137) (57.48) (0.917) (1.707) (0.661) (171.2)
Parent characteristic
Mother's education

Primary school degree 1.491 1.359 1.016 4.195 1.578 1.486 1.125 6.973
(0.634) (0.617) (0.515) (5.308) (0.700) (0.710) (0.580) (10.850)

Middle school degree 1.481 1.273 0.798 6.618 1.599 1.477 0.796 11.96*
(0.591) (0.557) (0.392) (7.820) (0.676) (0.680) (0.423) (16.450)

High school degree or above 2.012 1.711 1.836 3.079 2.776** 2.457* 2.496 7.893
(0.918) (0.825) (1.042) (3.773) (1.338) (1.246) (1.485) (10.780)

Father's education
Primary school degree 3.54 3.789 2.691 23.07* 4.184* 4.646 2.806 33.09*

(2.861) (3.437) (2.627) (40.84) (3.546) (4.671) (2.806) (65.55)
Middle school degree 4.352* 4.543* 3.379 17.55* 4.975** 5.178* 3.351 21.56

(3.279) (3.874) (3.005) (29.26) (3.986) (4.945) (3.119) (41.52)
High school degree or above 8.345*** 7.623** 6.824** 24.78** 7.846** 7.300** 5.353* 43.28**

(6.434) (6.515) (6.156) (37.99) (6.456) (7.038) (5.107) (79.89)
Household characteristic
Per capita income (logarithm) 1.340** 1.413** 1.195 2.324** 1.209 1.278 1.069 2.006*

(0.190) (0.199) (0.231) (0.819) (0.188) (0.196) (0.220) (0.740)
Small household (1,0) 1.211 1.318 0.832 3.469* 1.204 1.355 1.031 3.659

(0.385) (0.436) (0.384) (2.467) (0.392) (0.449) (0.485) (3.128)
Urban (1,0) 2.551*** 2.535*** 3.033*** 2.946***

(0.713) (0.732) (0.885) (0.871)
Dummies
Wave 2006 7.388 1.559 4.422 0.0940 12.43 8.149 60.08 0.0129

(15.89) (4.625) (16.72) (0.650) (28.85) (26.61) (242.2) (0.0925)
Wave 2009 123.8 2.02 64.85 265.9 64.84 20691

(651.1) (14.44) (586.70) (1522) (514.0) (199550)
Wave 1991 0.0836 0.368 0.116 5.675 0.0618 0.096 0.0124 33.65

(0.177) (1.058) (0.426) (37.28) (0.139) (0.301) (0.0480) (227.3)
Wave 1993 0.0195 0.516 0.0471 0.0111 0.0334 0.000514

(0.0816) (2.993) (0.346) (0.0503) (0.213) (0.00401)
Province Fixed Effect × × × × × ×
Constant 0.000555 8.28E-10 8.09E-05 0 0.0256 0.000156 47808 0

(0.00892) (1.82E-08) (0.00226) (0) (0.446) (0.00373) (1.404E+06) (0)
Observations 574 574 406 135.0000 522 522 367 125
Robust seeform in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Dependent variable: Highest level of education attained (High school degree?)
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Summary 
 
 Based on the result from both OLS estimation and logistic estimation, the relationship 

between the share of protein in total calorie intake and the “currently in school or not” 

indicator is positive and statistically significant, whereas the relationship between the height-

for-age z-score and current school enrollment is not. Similarly, when children’s present 

educational attainment is measured, only height-for-age z-score is statistically significant. 

This outcome can be explained that share of protein is a snapshot of children’s diet at the 

time of the interview while whether or not staying currently in school is also a reflection of 

individual’s schooling status at the time that the follow-up survey was conducted. Instead, 

height-for-age z-score is a measure of the cumulative amount of nutrition the child has had; 

therefore, educational outcomes should be measured by an accumulated variable, children’s 

highest level of education attained. 
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Robustness Check 
 

Since the CHNS takes place over a long period of time, the fact that there is attrition 

from the panel should be taken into consideration.  However, this is complicated by the fact 

that the selection of the sample in this paper is based on specific rules (children who were 

under age 5 in the 1989/1991/1993 rounds and were found in the 2004/2006/2009 rounds are 

selected and only the data for first occurrence of each person is captured). The regression 

results presented above are based on a sample of 585 children from 138 communities. 

However, when focusing on all the communities that have at least one child in the sample 

making a school decision and tracing back to the early 1989/1991/1993 rounds, I find out that 

776 children attrite at some point from the sample. In other words, had all the children been 

found from those communities in the later rounds, the sample would have been 1353 

individuals.  Among those children, there are 121 attrited children from households from 

which children were found, while 655 attrited children belong to households that were no 

longer found. Since the CHNS does not follow some of the attrited households due to one 

reason or another, it is difficult to exclude these households from the total household attrited. 

Therefore, I focus on the 121 attrited children who should have been in the households that 

were interviewed when other children were present. In this section, main regression results 

are re-estimated through corrections for attrition and using inverse probability weighting 

(weight=1/pr_showup). The probability for a child to show up in the follow-up rounds is 

predicted by the characteristics they had when they were first surveyed in 1989/1991/1993. 

Table 10 presents the results for the attrition regression. 
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Table 10. Probit estimation for attrition 
 

 
 

Table 11 shows the result for OLS estimation using attrition weights to correct for 

attrition. When attrition problem is taken into account, the coefficient for share of protein is 

no longer significant, no matter whether province fixed effects is controlled or not. Therefore, 

the positive relationship between staying currently in school and share of protein in total 

calorie intake during early childhood is not robust. However, the estimated effect of 

Age 0.233
(0.249)

Age square -0.110**
(0.0436)

Male (1,0) 0.204*
(0.123)

Province Dummy
Jiangsu -0.223

(0.310)
Shandong 0.417

(0.345)
Henan 0.0975

(0.289)
Hubei -0.577**

(0.263)
Hunan -0.235

(0.278)
Guangxi -0.638**

(0.280)
Guizhou -0.713**

(0.279)
Urban (1,0) 0.526***

(0.167)
Mother's education

Primary school degree -0.0507
(0.179)

Middle school degree 0.455**
(0.179)

High school degree or above 0.177
(0.226)

Father's education
Primary school degree -0.362

(0.260)
Middle school degree -0.399

(0.243)
High school degree or above -0.381

(0.265)
Small household (1,0) -0.284

(0.177)
Per capita income (logarithm) -4.04e-06

(2.22e-05)
Constant 1.625***

(0.473)
Observations 679
Pseudo R-squared 0.156
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Dependent variable: show up?
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childhood nutritional status, height-for-age z-score, on the highest level of education attained 

is remarkably similar to the result gained in the former section with the same explanatory 

variables. The coefficient for height-for-age z-score is statistically significant at 0.01 level 

when community fixed effects is controlled, indicating that a one standard deviation increase 

in height-for-age z-score will increase the level of education that a child can attain in his later 

life by 0.067, which is slightly smaller than that from previous regression. 

Table 11. OLS model re-estimation with weights 

   

 
The results for logistic model estimation are shown in Table 12. Consistent with OLS 

estimation, the coefficient for share of protein is not significant. Therefore, the finding is not 

robust to sample attrition. Nevertheless, the relationship between early childhood height-for-

age z-score and educational attainment is robust and the estimation result is similar. When 

province fixed effects is controlled, a standard deviation increase in a child’s pre-school 

height-for-age z-score is associated increasing the odds of obtaining a high school degree 

later in his life by 1.29 (p<0.05) if all else equal. 

OLS Model

Independent Variables
Share of protein (%)

Height-for-age zscore

Notes: Other control variables in this table are included and not reported.
Robust standard errors in parenthese.
*** p<0.01, ** p<0.05, * p<0.1

(0.0198) (0.0221)

0.00863 0.0116
(0.00629) (0.00713)

0.0588*** 0.0673***

(1) (2)
National Community fixed effects

Dependent variable: Currently in school? 

Dependent variable: Highest level of education attained

(1)
National

(2)
Community fixed effects
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Table 12. Logistic model re-estimation with weights 

  
 
  

Logistic Model (Odds ratio)

Independent Variables
Share of protein (%)

Height-for-age zscore

Notes: Other control variables in this table are included and not reported.
Robust seeform in parentheses.
*** p<0.01, ** p<0.05, * p<0.1

1.289*** 1.287**
(0.125) (0.131)

1.072 1.088
(0.0494) (0.057)

Dependent variable: Highest level of education attained
(1) (2)

National Province fixed effects

Dependent variable: Currently in school? 
(1) (2)

National Province fixed effects
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CONCLUSION 

Based on data from 585 children in eight different provinces in China, the OLS and 

logistic regression results in this paper show evidence that there is a positive relationship 

between early childhood nutrient intake and later educational attainment after controlling for 

child, parent, household and community characteristics. Through tracking children who are 

under 5 years old for more than ten years, this paper finds that children who have larger share 

of protein in total calorie intake during childhood time have a higher probability to stay in 

school after nine years of compulsory education. However, the result is not robust to sample 

attrition. Furthermore, pre-school children who are better nourished tend to achieve a higher 

level of education when they grow up. The robustness of the result is considered. Therefore, 

better early childhood nutrition status, which leads to proper height-for-age z-score, has a 

long-term positive impact on children’s later education achievement. The effect is much 

stronger on children from rural areas than their urban counterparts.  

Limitation 

 
 There are some limitations for this study. First, the data for share of protein in total 

calorie intake is collected for three consecutive days; therefore, it is not an accurate 

measurement for children’s daily protein consumption. Second, although panel data tackles 

some of the endogeneity problem, both share of protein and height-for-age z-score are still to 

some extent endogenous.  For example, parents who value child investment more tend to 

provide their young children with better nutrition, keep their children staying in school longer 

and encourage them to achieve a higher level of education. Therefore, future research should 

try to find valid instruments and pay more attention to the impacts of unobservables on the 

regression results gained in this paper. 
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Policy Implication 
 

Shekar, Heaver, and Lee (2006) conclude that nutrition improvement can raise a 

person’s productivity, thereby enhancing a country’s economic development and contributing 

to poverty reduction. Moreover, childhood is a critical period for brain and physical 

development; therefore more emphasis should be placed on childhood nutrition improvement. 

The longitudinal study in Guatemala (Maluccio et al., 2009) proves that the wages for men 

who received nutrition intervention when they were under 3-year-old are 46% higher than 

those who did not and there is an estimated 2-3 percent increase in GDP (Horton, Shekar, 

McDonald, Mahal, and Krystene Brooks, 2010). The result of this paper also confirms that 

there is a positive relationship between childhood nutritional status and future educational 

attainment. The more a child is nourished during pre-school, the higher level of education he 

can attain in his later life. These results have important policy implications for China’s 

education policy, and provide support for the scale up of the current Nutrition Improvement 

Plan for Rural Compulsory Education Students. According to the findings, it will be more 

effective if the eligibility criteria to receive nutrition intervention program can cover children 

who are in pre-school since early childhood is the best stage for nutrition intervention. 

Furthermore, nutrition investment is an additional way to improve children’s education 

attainment. So in order to narrow the urban-rural education gap in China, greater investment 

into rural education should include nutrition interventions. In the future, more nutrition 

intervention programs should be carried out, especially in rural and poor areas. 

Child nutrition investment is a high return human capital investment. Better-nourished 

children tend to have better health, a greater ability to learn, and more active community 

participation; therefore, they will be more competitive in a market economy when they grow 

up. Not only individuals can attain a higher level of education and obtain a relatively high 

income, but also countries can have more productivity in return and reduce the huge spending 
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on health and medical services. In conclusion, as a developing country, China should lay 

more emphasis on childhood nutrition intervention and adopt it as a poverty reduction 

strategy since it is a long-term driver of economic development. 
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