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We use the county-by-county rollout of the program and employ the difference-in-difference (DID) methodology to identify the effects of the implementation of the nutrition improvement program for rural compulsory education students on adolescent health. The results show that the nutrition improvement program reduces the frequency and probability of illness and improves the students' health status. The heterogeneity analysis indicates that the children in western regions and children left behind have a greater marginal improvement. It finds that the nutrition improvement program for rural compulsory education students improves adolescent health through diversifying nutrition intake to alleviate malnutrition and developmental delay in impoverished areas. The program can promote adolescent health in impoverished areas, which has a role in improving regional health disparities and alleviating the intergenerational entrenchment of poverty.
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Introduction

The existing literature finds that children's health status is related to their early human capital formation and their income, health, and creative capacity in adulthood (1, 2)1. Despite this, approximately 66 million schoolchildren in developing countries still attend school while hungry (6), and approximately two-thirds of children do not receive the minimum recommended dietary diversity for healthy growth and development (7). In order to address the issue of school-age child hunger, there are 388 million school-age children currently being fed through school feeding programs in 161 countries worldwide (8). School feeding programs have also become the most extensive social safety net in the world.

In order to improve health status of rural students, Chinese government began to implement a nutrition improvement program for students in rural compulsory education. By 2020, 1,762 counties in 29 provinces in China have implemented the nutrition improvement program, accounting for 84.12% of the total number of rural compulsory education schools and benefiting more than 40 million students. On one hand, this policy is mandatory and free. Compulsorily driven by the government, all students in the stage of compulsory education (7–15 years old) in those implementing areas must participate in the program. Moreover, since the program is funded by the central government, all the students can enjoy nutritious meal service free of charge. On the other hand, the policy has been gradually implemented at the county level since 2011, which helps us to construct a difference-in-differences (DID) model to assess the effectiveness of the policy exploiting the variation in the implementation of the policy at district and time level.

Therefore, we analyze the impact of the nutrition improvement program on individual's health status and its impact mechanism based on differences-in-differences approach using micro panel data from 2010 to 2016 China Family Panel Studies (CFPS). We find that the nutrition improvement program leads to the decrease in the frequency of illness by 0.2 times and the decrease in the probability of illness by about 9%, compared with non-implementing areas. The result is still robust after including income, parents, and district fixed effects. The heterogeneity analysis shows that children in western regions, left-behind children and male children are affected by the policy more significantly. Furthermore, we explore the impact mechanism of the nutrition improvement program and find that the nutrition improvement program improves students' health status by optimizing their dietary structure, making their diets more diversified and promoting their physical quality.

This paper has several appealing features: (i) It extends the literature on student nutrition improvement programs. The existing studies mainly focus on Sweden (9), the United States (10, 11), India (12), Ghana (13)2 etc. and studies on the nutrition program in China are deficient. (ii) It extends the literature on students' health. The existing studies mainly focus on parents' migrant work (14)3, male preference (15, 16)4, physical activity (17), medical insurance and health infrastructure (18)5. In contrast to these studies, this paper focuses on the health improvement effects of the student nutrition improvement program. (iii) It deepens the analysis of impact mechanism. The study of mechanism is crucial for refinement of the nutrition improvement program. Therefore, this paper presents the mechanistic analysis of nutrition diversity and physical development, respectively.



Data and empirical strategy


Nutrition improvement program for rural compulsory education students

Although the nutritional status of Chinese children has improved significantly over the past three decades, the prevalence of malnutrition among rural children remains prominent. According to the Fifth China National Nutrition and Health Survey in 2012, the prevalence of stunting and underweight among children under 6 years of age in poor rural areas was 19.1 and 5.1%, respectively. In particular, the prevalence of vitamin A deficiency among rural children aged 6–12 years in poor rural areas was 32.9%. Meanwhile, according to the 2010 census data, 61 million children were left behind in rural areas of China, and parental absence further worsened the nutritional status of rural children (19). In order to improve the nutritional status of children in compulsory education in rural areas, the Chinese government has gradually implemented a nutrition improvement program since 2012.

At present, 137,000 schools in 29 provinces in China have implemented the nutrition improvement program, which means that more than half of the compulsory education schools provide nutritious meals to students every day, and nearly a quarter of the compulsory education students can eat nutritious meals at school. The program mainly focuses on the following three parts. First, it provides nutritious meal subsidies for rural compulsory education students. Second, it funds boarding students with financial difficulties living expenses. Third, it carries out the construction of cafeterias, further increases the proportion of meals served in cafeterias, continuously enriches the meals served and environment of cafeterias, and ensures that all school cafeterias are licensed to operate. By the end of 2021, the central government had arranged a total of 196,734 billion yuan for nutritional meal subsidies for students, benefiting more than 30 million students each year, which plays a vital role in students' physical and mental health in impoverished mountainous areas as well as rural areas. Initially, the subsidy standard was 3 yuan per student per day, and then increased to 4 yuan per student per day in November 2014 (calculated according to 200 days of school time in a year). It basically solves the problem of poor students eating at school and reduces the financial burden of poor families.

The implementation of the nutrition improvement program has experienced two main phases. The first phase is from 2012 to 2016. Six hundred and ninety-nine state pilot counties and 616 district pilot counties are included in the program, of which state poverty counties are the main ones, and almost all of them are state or province poverty counties. Also, the list of pilot counties remains unchanged within that period. In the second phase, in December 2016, 10 more provinces and regions expand the scope of the implementation under the promotion of the state, and the total number of pilot counties is expanded to 813. The nutrition improvement program in China has a clear implementation timeline and a list of pilot counties, which provides a good basis for quantitive policy evaluation.



CFPS data

Our analysis relies on micro panel data collected by China Family Panel Studies (CFPS) in 2010, 2012, 2014, and 2016. CFPS is held by Institute of Social Science Survey (ISSS) of Peking University, which is a crucial social science project aiming at investigating society, economy, population, education and health in China. The CFPS sample covers 25 provinces and cities, with a target sample size of 16,000 households, making it a nationally representative tracking survey. The survey asks detailed questions about household economic behavior, adult and child health performance, and demographic attributes. We exploit CFPS data based on the following three reasons. First, CFPS interviews people under 15 years old separately, which is the population we focus on. Second, panel data enables us to control district-level heterogeneity to obtain robust estimates. Third, since the nutrition improvement program is implemented in 2012, CFPS is one of the few micro panel data that contain population data both before and after 2012.

We further restrict data in the following two ways: (i) We remove youth individuals under 15 years old with 1 year missing from the questionnaire over 4 years to ensure that the data are panel data. (ii) We restrict the analysis samples to those in rural areas. Since the definition of rural areas in the nutrition improvement program for rural compulsory education students is distinguished by district and county, rather than by whether the residence is urban or rural, we conduct our analysis at the district and county level. If the last word of the area name is not “district” or “city” (except for state and province poverty counties), we consider it to be a rural area.



Empirical strategy

The purpose of this paper is to assess the casual effect of the nutrition improvement program on rural adolescent health. The gradual implementation of student nutrition improvement policies at the district and county levels in China has created the ideal environment for us to adopt the DID approach for identification6. Specifically, DID estimation involves comparing child health outcomes of counties before and after they adopted the SNIP with that of counties that had not adopted it during the same period. The model can be written as:
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where dependent variable healthict exhibits individual health status, measured by the frequency of illness in the last month, whether they were sick or not in the last month, and self-rating health status, respectively. SNIPct is a dummy variable and measures the implementation of the nutrition improvement program, where SNIPct = 1 after the policy is implemented and SNIPct = 0 before the policy is implemented. Coefficient β exhibits the effect of the nutrition improvement program on individual health. We also control for the following three aspects. First, Xict denotes individual-level control variables, which are represented by the log of annual household income, gender, age, parents' education level, whether parents live together or not, distance to medical site, availability of medical insurance and water sources for the household. Xict mainly controls factors that may affect individual health to ensure the validity of estimates. Second, φc denotes district fixed effect and controls all factors at the district level that may affect individual health. Third, ρt denotes year fixed effect and controls all factors at the time level that may affect individual health. The standard errors are clustered by the district-year level.

The key assumption of DID approach is that implementing areas and non-implementing areas satisfy parallel trend assumption. However, pilot counties in 2012 are mainly composed of state and province poverty counties, which indicates that implementing areas and non-implementing areas have significant differences in geographical location, economic development, medical conditions etc. Therefore, Equation (1) may underestimate the result.

To solve the problem above, we restrict the analysis samples to state poverty counties and both state and province poverty counties and regress these two models, respectively. State and province poverty counties are impoverished and internal economy structure can be very similar. Therefore, implementing areas and non-implementing areas which are included in poverty counties can satisfy parallel trend assumption. Moreover, Table 1 shows that 699 districts and counties start to implement the nutrition improvement program in 2012, of which 592 are state poverty counties and 691 are province poverty counties, and there are 392 non-implementing areas within state and province poverty counties in 2012. Table 2 summarizes the descriptive statistics for all the variables used in our analysis.


TABLE 1 Implementation of nutrition improvement programs within poor counties.
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TABLE 2 Summary statistics.
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Baseline results


Estimation results

We use DID approach to estimate the effect of the nutrition improvement program on children health in the baseline analysis. Children health status is measured by the frequency of illness in the last month, whether sick or not in the last month, self-rating health status etc., respectively. Table 3A reports the estimated coefficients obtained based on the full sample of rural areas. The results are realistic, the nutrition improvement program significantly decreases the frequency of monthly illness of children by 0.2 times and the probability of illness by 8.55% at the 1% level, but the effect on individual health status is not significant. Thus, overall, the nutrition improvement program significantly improves children's health status, which is consistent with the previous findings (23–25)7. In addition, some well-established child nutrition interventions, such as the US school nutrition programs (26) and India's midday meals program (25), have an impact on child health in the range of 5–15%. Considering that China's nutrition improvement program is still in the early stages of implementation, the impact of its health improvement effects is still significant, as it is about 2/3 of the impact of these well-established interventions.


TABLE 3 Baseline analysis: Implementing areas and non-implementing areas of nutrition improvement program.
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However, since pilot counties of the program are mainly composed of poverty counties, and economics development and sanitation infrastructure in these areas lag behind other areas, parallel trend assumption may not be satisfied. To solve this problem, we restrict samples in the control group to those in poverty counties and use DID model to estimate. In Table 3B, we compare implementing areas and non-implementing areas within state poverty counties and find that the coefficient is consistent with that in Table 3A and self-rating health status is also significantly positive. Children in poverty counties that implement the program enjoy better health condition compared with those in non-implementing poverty counties. In Table 3C, we relax the sample restriction by including both state and province poverty counties. The result in Table 3C is consistent with that in Table 3B. In general, estimates and significance level are similar when using different approaches. Therefore, the nutrition improvement program for rural compulsory education students has great achievement over the past few years, effectively improving children's health status.

Meanwhile, the coefficient in Tables 3B,C is significantly higher than that in Table 3A. The main reason is that the control group in Table 3A includes counties which are richer than poverty counties, and thus parallel trend assumption is threatened. Economic development and sanitation infrastructure in non-poverty counties are more advanced than those in poverty counties, and thus leads to children's greater health status in non-poverty counties. If non-poverty counties are included in the control group, the effect of the policy will be underestimated.



Robustness checks
 
Permutation placebo tests

The key assumption of DID approach is parallel trend assumption. Since data before the implementation only extend for 1 year, we use bootstrap method to validate the reliability of our evaluation. Prior to the implementation of the nutrition improvement program, regional differences may have potential impacts on individual health, leading to over- or under-estimation of results in Table 3. Although we have included district fixed effects in the baseline model, there may still be other uncontrolled factors. To solve this problem, we use placebo test introduced by previous studies (27, 28), and construct dummy information at the district and year level to check robustness. Specifically, implementing areas are randomly selected. Then we construct corresponding dummy variables and regress Equation (1). Finally, we replicates this process for several times and get the distribution of the estimation of [image: image] coefficient. If the estimates reported in Table 3 are unbiased, dummy policy-implementation variable will not pose any impacts on fertility behavior, i.e., the mean of the estimation [image: image] generated by bootstrap method equals to 0 and insignificant. Figure 1 shows kernel density estimate of coefficient [image: image] by replicating the process above for 1,000 times. It illustrates that the estimates of [image: image] concentrate around 0. Therefore, the potential problem we discuss above will not affect the estimation and baseline results are robust.


[image: Figure 1]
FIGURE 1
 Estimated coefficients from the permutation placebo tests. (A–C) Show the results of permutation placebo tests for Table 3 Panels A, B, and C, respectively.




Adding parents' health status variables

Parents' health status significantly affects children's health in the following three ways: (i) Imitation and study of living habits. Children imitate parents' habits instinctively and actively, such as daily routines, eating habits, health care habits etc. These factors can affect parents' and children's health simultaneously. (ii) Parents' health status reflects household financial situation, and household financial situation also affects children's nutrition level and access to medical care. (iii) Hereditary factors. Parents' inherited disease may negatively influence children's health. Thus, we control parents' health status variables. Since there exists much missing value of parents' health status in CFPS, parents' health is not controlled in the baseline estimation to avoid the effect of missing value on estimation. If results after adding parents' health are consistent with baseline results, the estimation must be robust.

In Table 4, columns (1), (2), and (3), we add parents' health variables as control variables, and use full samples, state poverty counties samples and both state and province poverty counties samples respectively to analyze. The absolute value of the coefficient is lowered by adding parents' health variables. Thus, these findings confirm that children's health can be partly impacted by parents' health, leading to the decline of the coefficient. Also, the coefficient is still significantly positive, which presents the robustness of baseline results.


TABLE 4 Robustness checks.
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Using 2010, 2012, and 2014 data

In the baseline analysis, we use micro panel data from 2010 to 2016. Since analysis samples focus on teenagers under 15 years old, the longer the investigation goes on, the more missing samples are generated. To enlarge the volume of analysis samples, we regress on the same model using 2010, 2012, and 2014 data. Table 4, columns (4), (5), and (6), reports that the results are all robust, with the coefficient when using self-rating health being significant in Table 4A. It further shows that nutrition improvement program significantly improves adolescent health. Also, compared with the results reported in Table 3, the absolute value of the coefficients reported in Table 4, columns (4), (5), and (6), is lowered but still statistically significant, which may be caused by the lagged effect of the policy implementation.

There has existed some studies which conclude that early nutrition interventions can have both short- and long-term effects. Early childhood interventions have highly significant short-term effects on children's physical health development, and have significant positive effects on children's cognitive development in the long term (23). Health interventions during adolescence have not only short-term effects for vulnerable populations, but also long-term positive effects on their health levels (29). Some scholars evaluates the costs and benefits of Head Start, which is the largest early childhood education program in the United States and find that early childhood interventions have significant long-term effects, with quickly declining short-term effects (30). In general, early nutrition interventions yield long-term effects, supported by the existing literature.





Heterogeneity analysis


Effect of geographic factors

There exists sharp differences in economic development among eastern, central, and western regions in China. All state poverty counties are located in central and western regions. Differences in economic development among regions indirectly lead to the gap in children's health status around the nation through affecting household income levels, nutrition intake, and health conditions. Thus, we analyze heterogeneous impacts of the nutrition improvement program on health status of children in eastern, central, and western regions.

Table 5 reports that the impact of the nutrition improvement program on health status of children varies greatly in eastern, central, and western regions. The impact is larger for children in western regions and a bit smaller for children in central regions, compared with those in eastern regions. The following two factors are attributed to this results. First, the nutrition improvement program will significantly improve the amount and variety of food intake in impoverished western regions. On one hand, since poorer families spend less on food, marginal utility of the nutrition improvement program on impoverished areas is larger. On the other hand, schools are responsible for purchasing food and arranging nutritious meals every day, so the price will be relatively low and there will be a wider variety of food, which poses a more positive impact on teenagers in impoverished regions, especially in remote regions. Second, there exists regional differences in sanitation infrastructure. Eastern regions in China have more abundant health care resources and higher quality of access to medical care. Thus, differences in the quality of medical care of eastern, central, and western regions can have a direct impact on children's health. Not only are children from poorer families more likely to suffer from several chronic diseases, but they are also less likely to effectively address some health issues (31). Thus, the nutrition improvement program would have a greater marginal impact on children in western regions, where medical conditions and nutrition status are relatively backward. This implies that the nutrition improvement program also narrows the gap among adolescents in western and eastern regions, which can affect the quality of human capital in the long run.


TABLE 5 Heterogeneity analysis.
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Effect of living with parents

As rural migrant workers go out to work, a large number of children are left behind in hometowns. Many scholars find that the lack of care caused by parents' migrant work has a negative impact on children's health (14, 32). This negative effect is positively proportional to the number of children left behind in a household, partly because children's nutrition intake may be influenced by whether living with parents or not. To identify the effect of parents' migrant work, we analyze heterogeneous impacts of the nutrition improvement program on health status of children who live with parents and who do not live with parents. Table 5 reports that the effect of policy implementation is larger for children who do not live with their parents. Thus, the nutrition improvement program can partially alleviate nutrition deficiency of children whose parents are migrant workers.

Parents' time investment in children can decisively effect children's health performance in the following two ways: (i) Feedback effect. If parents live with their children, mothers can adjust their current resource investment decisions according to children's performance, so that children's health level and other performance will be better (34). In addition, mothers' time investment can affect adolescents' cognition skills, and this effect gradually declines with the increase of children's age (35). (ii) Separation effect. If parents do not live with their children, prolonged separation can not only be detrimental to children's health, but also have a negative impact on children's education and cognitive level (36).



Effect of gender

According to Report on Nutrition and Chronic Diseases in China (2015), the growth retardation rate and wasting rate of male children aged 6–17 years are higher than those of female children in 2012. We analyze heterogeneous impacts of the nutrition improvement program on health status of male and female children. Table 5 reports that the effect of the policy implementation is larger for boys, which is consistent with the previous literature (37). Boys benefit more from high-quality care programs than low-quality ones, and boys become more vulnerable after leaving their mothers, which do not exist among girls (38). This is mainly due to the fact that girls become mature earlier and have stronger capability to encounter adversity, so they can perform better in environments with higher pressure and lower quality (39).




Evidence for role of nutrition diversity and physical quality


Nutrition diversity

Food variety and nutrition diversity are key variables affecting children's health (26). Nutrition improvement program promotes food richness and diversity by providing free meals to children in impoverished areas. The school breakfast program plays a relatively important role in nutrition intake of students, which can improve intake of protein, carbohydrate, calcium, iron and other trace elements, as well as vitamin C, vitamin E, folic acid, and other nutrients (26, 40). Therefore, we assume nutrition diversity as a mechanism by which nutrition improvement program works.

Whether eight kinds of food listed in Table 6 are consumed is chosen as dependent variables, and we still use DID model to regress. Table 6 reports that policy implementation helps increase children's intake of beans and decrease their intake of preserved food. On one hand, students' diet becomes healthier through providing soy milk and other foods after the policy implementation. On the other hand, students' demand for unhealthy food, especially preserved food, dropped dramatically after providing a nutritious breakfast, which improves health status in another way. Preserved food has a large amount of salt and contains nitrite and its derivatives, which has a negative impact on health and even causes stomach cancer (41). The substitution of health food for preserved food constitutes a crucial mechanism of nutrition improvement program. In addition, the coefficients of intake of other food are all insignificant, which may be caused by small sample size because CFPS only interviews children aged from 10 to 15 years old about their intake of eight kinds of food listed in Table 6.


TABLE 6 Nutrition diversity.
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Physical quality

The second impact mechanism is physical quality, but concensus has not been achieved among researchers. Some researchers find that the school breakfast or lunch program can keep students' body mass index (BMI) at a relatively healthy level (42). However, some researchers find that some school lunch programs lead students to overeat calories, which leads to obesity, and only a healthy and balanced meal is the optimized choice (43). We analyze this impact mechanism by selecting height, growth retardation, and excessive thinness as dependent variables, and the result is reported in Table 7.


TABLE 7 Physical quality.

[image: Table 7]

Table 7, column (1), takes height as the dependent variable. When using different restriction on samples, we can all conclude that the nutrition improvement program significantly increases the height of teenagers by about 0.2 cm. According data published by Chinese Association for Student Nutrition and Health Promotion, the average height of boys and girls aged from 6 to 15 years old increases by 0.4 and 0.6 cm compared with the same period last year after policy implementation.

In addition, according to height retardation criteria of all ages and sexes in National Health Standards (33), and moderate to severe weight loss defined by BMI, we define dummy variables that measure growth retardation and excessive thinness based on individual's height and BMI in each survey year. That is to say, if individual's height and BMI are below the standard, he or she will be defined as “growth retardation” and “excessive thinness.” Table 7, columns (1), (2), and (3), report that the nutrition improvement program significantly reduces the proportion of growth retardation and excessive thinness among teenagers. Pilot counties of the nutrition improvement program are mainly poverty counties, which means that physical quality of children in these areas is poor. The nutrition improvement program significantly improves children's health status through promoting their physical quality.




Conclusion

Children's health is related to not only long-term human capital accumulation, but also poverty alleviation through education and intergenerational poverty entrenchment. We use DID model to empirically analyze the effect of the nutrition improvement program on children's health and its impact mechanism. The results show that the nutrition improvement program leads to the decrease in the frequency of illness by about 0.2 times, the decrease in the probability of illness by about 9% and the significant improvement in students' health status, which proves robust. In the heterogeneity analysis, we find that marginal effect of the implementation of the program is more significant for children in western regions and children left behind, which indicates that the nutrition improvement program can alleviate and narrow health disparities of children in central and western regions, and help compensate for the lack of parents' care caused by migrant work. In addition, the nutrition improvement program can promote students' height and reduce the probability of growth retardation and excessive thinness.

Our conclusion highlights three crucial directions for policy makers to consider: (i) Expand subsidies. As a rare financial subsidy program, the marginal utility of the nutrition improvement program for poorer households is higher, which means that the nutrition improvement program will be targeted to improve health of children in poor families, and promote intergenerational mobility of poor families. Therefore, China should further increase subsidies for the nutrition improvement program. (ii) Expand coverage. On one hand, after completion of the pilot program, China should further expand the coverage of households benefiting from this program, so that all the youth nationwide can enjoy the policy dividend. On the other hand, since preschool children's health and ability have a strong impact on lifetime performance (38), preschool children should also benefit from the program. (iii) Improve dining environment and nutrition. China should establish more complete nutrition improvement program catering standards and improve dining environment, so that funds for the nutrition improvement program can play a greater and more effective role.

In addition, due to the limited time of the implementation of the nutrition improvement program, we have not evaluated long-term costs and benefits of the program. However, the benefits of the nutrition improvement program are not only the decline of medical costs of teenagers in the short run, but also related to adult health status, future social health consumption, human capital level, even crime rate, and other variables in the long run, which affects potential for future economic growth in China. Therefore, governments should attach importance to both short-term costs and long-term benefits when implementing the nutrition improvement program.
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Footnotes

1 On one hand, health behaviors such as children anemia and hypoglycemia can affect students' attentiveness and short-term academic performance (3). On the other hand, health trauma in childhood (e.g., famine) poses a negative impact on adult health and consumption structure (4) and even has a long-term negative impact on children's cognitive skills (5).

2 Aurino et al. (13) found that the large-scale school feeding program in Ghana led to a slight improvement in the average standardized scores of students in mathematics and literacy. In particular, greater improvements were found for girls, disadvantaged children, and regions.

3 Meng and Yamauchi (14) find that Chinese parents' migrant work can negatively affect the education and health status of children left behind.

4 Culture of male preference in China leads to unfair allocation of resources which is more favorable to boys, thus affecting the health of children within the family (15). Family planning policies enforce limits on the number of children in a household, which can lead to greater improvements in the health of girls in one-child households (16).

5 Medical insurance and health infrastructure can improve household budgets and resilience to risk, thereby affecting individual health, especially in rural areas. Meanwhile, it can pose a direct impact on the intergenerational transmission of health capital. Zhang (18) studies the impact of drinking water infrastructure program in rural China on individual health using data from China Health and Nutrition Survey (CHNS). The study finds that the program significantly improves children's height, weight, and individual health.

6 Difference-in-differences (DID) method is one of the most popular research designs used to assess the causal effects of policy interventions. By comparing the average change in outcomes experienced by the treated group and the average change in outcomes experienced by the comparison group, we could estimate the average treatment effect for the treated subpopulation (ATT). Currently, a large number of studies by scholars such as Heckman et al. (20), de Chaisemartin and D'HaultfŒuille (21), and Sun and Abraham (22), and others have adopted the DID approach.

7 Jain (24) considers that India ICDS program, which is devoted to supporting preschool children in impoverished areas, improves children's health and further reduces morbidity and mortality through providing nutrition and immunity. Berry et al. (25) found that monitoring measures for learning health interventions affect the policy effectiveness of school nutrition programs. Specifically, high-intensity monitoring significantly improved child health.
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