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INTRODUCTION  

China launched agricultural reform in the early 1980s in a response to a severe deficiency in food 

supply and production that was considered to trigger another food crisis similar to the 1959-61 

Great Leap Forward Famine. The reform was characterized by decollectivizing agriculture and 

adopting the “household-responsibility system” to replace the commune system implemented in 

rural China in the 1950s. By the end of 1984, approximately 98% of the land of the People’s 

communes was divided into private plots, and farmers were able to keep their output after paying 

a share to the state. The reform rapidly and substantially stimulated agricultural production. For 

example, wheat output increased by 50% between 1981 and 1984, and vegetable and meat 

production also increased dramatically; consequently, food prices fell nearly 50% during the 

same period (J. Huang & Rozelle, 1998).   

The reform and the consequent improvement in food production in rural China, following a 

prereform period when agricultural performance was extremely poor and food shortages were 

common, present a unique opportunity to study the long-term health consequences of nutrition 

during the critical first 1,000 days (conception to age 2).  

In the absence of randomized trials of the effect of malnutrition on human beings because of 

ethical concerns, such a quasiexperiment design offers several advantages over the convenient 

research design usually linking the nutrition status of individuals born and raised in families with 

different socioeconomics status (SES) to their health conditions later in life, an approach likely 

to be subject to confounding such that family SES may affect both nutrition in early life and 

adult health. In contrast, the quasiexperiment approach, relying on nutritional improvement 

caused by exogenous forces such as the Chinese agricultural reform, makes it possible to isolate 
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causal effects of nutrition itself on adult health from the social, economic, and family 

confounders.  

In the present study, we used unique data from the largest epidemiological survey on mental 

disorders among adult Chinese, conducted in four provinces in 2001–2005, to examine the 

potential mental health disparities among Chinese born between 1978 and 1987, roughly 

including pre-reform (1978–1980), during reform (1981–1984), and post-reform (1985–1987). 

The purposes of this study were twofold. First, we estimated the potential long-term effect of the 

reform on mental illness. Second, we tested a hypothesis that the effect of reform (nutrition) on 

mental disease is not sexneutral; that is, it is different between men and women. 

 

BACKGROUND  

It has been widely accepted that the quality of the prenatal and early postnatal period of life is 

crucial to brain development, including acquisition of functions such as vision, hearing, and 

speech as well as expression of higher cognitive functions (Grantham-McGregor et al., 2007; 

Thompson & Nelson, 2001). Disruptions in the normal course of development during this critical 

phase, including nutritional deficiencies during fetal life and infancy, will have profound long-

term consequences (Grantham-McGregor et al., 2007; Thompson & Nelson, 2001).  

More recently, increasing evidence also suggests that many human diseases or symptoms in 

adulthood, including coronary heart diseases, stroke, diabetes, and hypertension may be related 

to nutrition status and growth patterns during early life. The thrifty phenotype hypothesis 

proposes that an individual’s metabolic profile is determined by environmental cues during the 

early periods of life. In poor nutrition conditions, a pregnant woman can modify the development 

of her unborn child in such a way that it will be prepared for survival in an environment in which 
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resources are short, resulting in a thrifty phenotype (Hales & Barker, 2013). Individuals with a 

thrifty phenotype are likely to have smaller body size, lower metabolic rate, and reduced levels 

of behavioral activity. When individuals with “thrifty phenotype” actually develop in an affluent 

environment, they are more prone to metabolic disorders, such as obesity and type II diabetes. 

Ethical concerns make testing these hypotheses directly in human beings difficult. Studies using 

quasiexperiments mainly including famines provide supporting evidence that malnutrition may 

have a causal effect on a series of adult outcomes, including chronic diseases, mental disorders, 

and behavioral problems (Lumey, Stein, & Susser, 2011). However, pitfalls of famine studies, 

mainly including selection bias such that famines usually cause substantial involuntary abortion 

and high infant mortality, may complicate the comparison between famine survivors, who are 

more robust genetically, and postfamine cohorts. 

The 1981–1984 Chinese agricultural reform presents a new quasiexperiment for this research 

purpose. The reform substantially improved the food supply within a relatively short period 

without significant changes in either fertility or mortality. For example, grain output per capita 

increased by 20% from 1981 to 1984, and per capita meat and egg consumption also increased 

significantly. The consequent improvement in maternal and child nutrition presents a rare 

opportunity to test the long-term health effects of nutrition, but at the same time this 

quasiexperiment avoids bias caused by survival selection, a pitfall in famine study. More 

importantly, because famines usually represent the extremity of the shortage of food and 

malnutrition, the proposed study on reform will add new evidence on whether improvement in 

food supply and consequent nutritional status within the normal range has a long-term health 

impact. In particular, it contributes to a better understanding of whether the “nutritional 

mismatch” is responsible for the growing incidence of diabetes mellitus in countries such as 
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China and India, where many people were conceived during a shortage of nutrition but have 

developed in an affluent environment during the nutritional transition. 

 

DATA & MEASUREMENT  

The data derived from a series of epidemiological surveys on mental disorders conducted in four 

provinces in China, Zhejiang, Shandong, Qinghai, and Gansu, from 2001 to 2005 (Phillips et al., 

2009). Multistage stratified random sampling methods were used to identify 96 urban and 267 

rural primary sampling sites from 24 counties or districts in these four provinces; the sampling 

frame of 113 million individuals aged 18 years or older included 12% of the adult population in 

China. A total of 63,004 individuals, identified with simple random selection methods at the 

sampling sites, were screened with an expanded version of the General Health Questionnaire, 

and 16,577 were administered a Chinese version of the Structured Clinical Interview for 

Diagnostic and Statistical Manual (DSM)-IV axis I disorders by a psychiatrist (Phillips et al., 

2009).  

The screening interviews, which took a mean (SD) of 25 (9) minutes to complete, were done face 

to face in respondents’ homes by 170 psychiatric nurses who had been trained for seven to 10 

days before the main study commenced. The local institutional review board at each research site 

provided ethics approval for the study. Extensively pilot-tested at the research sites, the 

screening instrument was the 12-item General Health Questionnaire (GHQ-12). The 12-item 

General Health Questionnaire was developed to screen for nonspecific psychiatric morbidity and 

has been widely used and translated into many languages (Hankins, 2008). Its validity and 

reliability have been found to be acceptable as a screening instrument for psychiatric disorders in 
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various nonclinical settings (Goldberg & Williams, 1988; Hu, Stewart-Brown, Twigg, & Weich, 

2007; Yang, Huang, & Wu, 2003). 

The present study is based on all screened individuals 1) whose birth year lies in the window of 

2-year prior to the reform and 5-year post reform; 2) who were aged 18 or above when they 

completed the survey; and 3) who were not from Qinghai or Zhejiang province. Qinghai was 

excluded because of its unique geographic altitude and climate. Most of Qinghai consists of 

mountains and pastoral areas that don’t support crop production. Hence, the agricultural reform 

is expected to have little impact on the nutrition status of people born in Qinghai. We also 

excluded Zhejiang to avoid biased sampling, as all individuals in Zhejiang born in 1984 or later 

are below the age of 18 when surveyed. The final sample consists of 3,717 individuals (see Table 

1).  

 

ANALYTICAL STRATEGY 

We measure early life nutritional status by the timing of birth and break all individuals into 

subgroups based on an individual’s birth year and the first year Chinese agricultural reform took 

place in his/her county of residence. For example, for individuals born in 1982, their mothers’ 

consumption of grain during pregnancy consists of three possible parts: 1) grain output of 1980 

(if born in early 1982); 2) grain output of 1981; 3) grain output of 1982 (if born in fall or winter 

of 1982). Also, Douglas et al. showed that the first impacted grain output was one year after the 

first reform year, suggesting that individuals born in 1982 could benefit from the impacted 

harvests in the perinatal period if the reform was adopted in 1981 or earlier. The treatment group 

is therefore made up of individuals born at least one year after the first reform year. Given the 

nature of this market-oriented rural reform was to empower farmers to make decisions on their 
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own production and increase grain output, we expect that rural residents benefited more from the 

reforms while urban residents were expected to be less impacted. Therefore, difference-in-

difference approach is used to examine the impact of early-life nutrition on mental disorder with 

a regression as follows: 

𝐺𝐻𝑄𝑖𝑟𝑘 = 𝑌0  +  ϕ𝑟𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒𝑟 + α 𝑃𝑜𝑠𝑡 +  𝛾𝑅𝑢𝑟𝑎𝑙 + β (𝑃𝑜𝑠𝑡 ∗  𝑅𝑢𝑟𝑎𝑙) +  δ Di 

Where 𝐺𝐻𝑄𝑖𝑟𝑘 refers to the GHQ score of an individual i born in county r and year k (the 

reference group is made up of individuals born between 2 years prior to the reform and the 

reform year). ϕ𝑟 is the region (province) fixed effect. Post is an indicator of whether the 

individual is in the treatment group, and Rural is a rural resident dummy variable.  β captures the 

average effect of improved food supply in the post-reform period on the outcome variable. Di are 

individuals’ age and demographics. To further investigate the potential differential impacts of 

prenatal and postnatal nutrition status on mental disorders, we estimate the following regression 

model and allow the effect to vary across the period of fetal and early postnatal development. 

𝐺𝐻𝑄𝑖𝑟𝑘 = 𝑌0  +  ϕ𝑟𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒𝑟 + α𝑘𝑃𝑜𝑠𝑡𝑌𝑒𝑎𝑟𝑘 +  𝛾𝑅𝑢𝑟𝑎𝑙 + β𝑘(𝑃𝑜𝑠𝑡𝑌𝑒𝑎𝑟𝑘 ∗  𝑅𝑢𝑟𝑎𝑙) +  δ Di 

Where 𝑃𝑜𝑠𝑡𝑌𝑒𝑎𝑟𝑘 is an indicator of the difference in years between an individual’s birth year 

and the first year of reform in his/her county of residence. The reference group is the same as the 

reference group used for the first model, that is those whose 𝑜𝑠𝑡𝑌𝑒𝑎𝑟 ∈ [−2,0] . Among all 

individuals in the treatment group, the PostYear = 1 birth cohort was exposed to improved 

nutrition during the postnatal period, but with little or no prenatal exposure; the 𝑃𝑜𝑠𝑡𝑌𝑒𝑎𝑟 ∈

[2,5] birth cohorts were exposed in utero as well as during postnatal period. β𝑘 capture the 

differential impact on GHQ scores and varied magnitude of β𝑘would suggest differential 

prenatal/postnatal impact on adult mental health. Standard errors (confidence intervals) were 

adjusted for clustering at community level in both models and analyses were conducted using 
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Stata 13. In all the analysis above, men and women were analyzed separately to explore whether 

the impact differs by sex. 

 

RESULTS 

The characteristics of our study sample are presented by gender and place of residence in Table 1. 

Both women and men reported relatively low GHQ scores (i.e., good mental health status) across 

birth cohorts. Overall, we don’t observe any statistically significant gender differences or rural-

urban differences in GHQ scores. GHQ scores range from 0.244 to 0.575 among women and 

from 0.323 to 0.654 among men. About 17.3% of women and 19.8% of men scored zero on 

the GHQ-12 questionnaire.  

Estimates of average impact on GHQ scores are shown in Table 2. Exposure to improved levels 

of nutrition in the post-reform period was associated with an average decrease of 0.743 points 

(improved mental health status) among women. The corresponding effect size is 0.60 (0.743 

divided by 1.23, the standard deviation of GHQ scores among women in post-reform cohorts), 

which represents a medium to large effect (Cohen, 1988). In contrast, no similar impact was 

observed among men. 

To differentiate the prenatal and postnatal impact, we further broke all individuals born in the 

post-reform period into subgroups based on the difference in years between an individual’s year 

of birth and the first year of reform in his/her county of residence. The results are shown in Table 

3. There was no significant impact on women born in the first year after reforms. However, from 

the second year after reforms and onward, nutritional exposure was associated with substantial 

lower GHQ-12 scores among women, with the exception of women in the 4th year post reform 

cohort. The effect retains the same sign but lose some magnitude and precision in that year 
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(PostHRS = 4). In contrast, similar exposure among men wasn’t associated with any change in 

GHQ-12 scores, as none of the coefficients of the interaction terms were significant.  

 

 

Discussion 

 

We investigated relationships between early-life exposure to China’s agricultural reform and the 

risk of mental disorders in adulthood (~25 yr). We chose urban residents as a control group as 

urban food supply was guaranteed in the 1980s by the urban food distribution and rationing 

system. In contrast, rural food consumption was more closely tied to local productions (Food and 

Agriculture Organization of the United Nations, 1998). We tested the hypothesis that such 

exposure has differential effects among rural men and women. We found evidence for strong 

associations between early-life exposure to agricultural reforms and lower risk of mental illness 

later in life, but only among rural women.  

 

In the past several years, significant links have been established between maternal and early life 

nutrition and later mental health outcomes. Most past work was based on early life 

nutritional hardship, a majority of which examined this link under relatively extreme 

circumstances such as famine (Brown, Susser, Lin, Neugebauer, & Gorman, 1995; Galler, 

Waber, Harrison, & Ramsey, 2005; C. Huang et al., 2013; Lumey et al., 2011; Susser & Lin, 

1992). However, famines are normally accompanied by survival selection, which may bias the 

result. There are also concerns over the validity of extrapolating results from famine studies to a 

generally healthy population. The present study, therefore, provides an important addition to the 

literature and shows evidence of long-term health impact of moderate improvement in food 

supply and consequent nutritional status.  
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We found differential effects of reform exposure by gender, supported by the larger 

magnitude of the point estimates and the greater statistical significance among women. One 

possible explanation is the son preference tradition in China. Son preference has historically been 

strong, particularly among rural couples (Graham, Larsen, & Xu, 1998). Such son preference is 

partially expressed through gender bias favoring males in food allocation within household (Luo, 

Zhai, Jin, & Ge, 2001). Therefore when there is a shortage of food (i.e. pre-reform period), male 

children may have priority treatment over female children. In other word, malnutrition may be 

less severe among boys in pre-reform period. The following significant growth of agricultural 

production and decline of rural poverty population during the reform era made it possible for 

families to allocate more resources to daughters. Thus, female children are likely to benefit more 

from reforms, and enjoyed greater improvement in nutrition status and better mental health 

outcomes in adult life. 

 It is noteworthy to point out that almost all rural men born in the post-reform period had lower 

GHQ scores with the exception of one cohort. The pattern was somewhat similar to what we 

observed among rural women. But because of smaller effect size and sample size, we failed to 

reach conventional levels of statistical significance. Additional work is needed to fully 

understand the long-term reform impact among men. 

Findings in this study also highlight the importance of adequate nutrition during gestation. Better 

mental health outcomes among rural women were observed in all but one cohort – those born 

one year after the first year of reform. These individuals were not exposed to improved nutrition 

in utero, given the one-year lag between the time of reform and increased grain yields.  This is 

consistent with previous famine studies that emphasized the relationship between maternal 

undernutrition during gestation, particularly early gestation stage, and mental health in later life 
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(Hoek et al., 1996; Neugebauer, Hoek, & Susser, 1999). Given the lack of a clear starting point 

of the reforms in each county, the measure of exposure in our study was less precise thus prevent 

us from drawing more specific conclusion for different stages of pregnancy. The above 

mentioned studies together with the findings in this paper, however, suggest that preconception 

and prenatal periods offer important opportunities for avoiding fetal exposures which exert 

deleterious effects leading to increased risk of mental diseases in adulthood.  

Conclusion 

We found long-term effects of improved nutrition on mental illness. Rural women born in the 

post-reform period showed better mental health status compared to their counterparts born prior 

to reforms. The effect is gender specific and no similar effects were observed among men. 
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Table 1. GHQ scores by gender and place of residence 

 Female (N=1846) 

Post Reform Rural  Urban 

 N mean sd  N mean sd 

-2 242 0.450 1.311  98 0.286 0.995 

-1 206 0.573 1.394  72 0.458 1.635 

0 167 0.575 1.681  77 0.364 1.202 

1 169 0.467 1.145  94 0.340 0.934 

2 147 0.374 1.099  84 0.488 1.103 

3 119 0.286 0.825  71 0.521 1.566 

4 109 0.440 1.228  61 0.361 0.753 

5 82 0.244 0.950  48 0.458 1.368 

 Male (N=1871) 

Post Reform Rural  Urban 

 N mean sd  N mean sd 

-2 238 0.538 1.383  96 0.406 1.389 

-1 188 0.532 1.221  121 0.455 1.335 

0 187 0.433 1.187  96 0.531 1.297 

1 151 0.603 1.633  85 0.553 1.323 

2 153 0.595 1.844  62 0.323 0.937 

3 112 0.339 1.143  64 0.484 1.168 

4 112 0.438 1.387  52 0.654 1.413 

5 103 0.350 1.073  51 0.471 1.286 
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Table 2. Average effect on scores of GHQ-12, based on negative binomial 

regression with difference-in-difference estimator 

 Female Male 

Post Reform 0.312 0.0996 

 (0.313) (0.350) 

   

Rural 0.872
*
 0.316 

 (0.421) (0.356) 

   

Post Reform x Rural -0.743
*
 -0.156 

 (0.311) (0.414) 

   

Age 0.163 0.414
*
 

 (0.317) (0.197) 

   

Age squared -0.00240 -0.00724
*
 

 (0.00602) (0.00353) 

   

Married -0.575
**

 -0.677
***

 

 (0.217) (0.203) 

   

Schooling 0.0282 0.0331 

 (0.0242) (0.0254) 

   

Province Fixed Effects Y Y 
Standard errors in parentheses, clustered at the county level. 
*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 
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Table 3. Differential effects on scores of GHQ-12 by birth year, based on negative 

binomial regression with difference-in-difference estimator 

 Female Male 

   

Born in the 1st year post Reform -0.149 0.120 

 (0.346) (0.380) 

   

Born in the 2nd year post Reform 0.536 -0.180 

 (0.357) (0.437) 

   

Born in the 3rd year post Reform 0.184 0.0596 

 (0.506) (0.451) 

   

Born in the 4th year post Reform 0.167 0.462 

 (0.496) (0.435) 

   

Born in the 5th year post Reform 0.150 0.230 

 (0.618) (0.627) 

   

Rural 0.879
*
 0.324 

 (0.426) (0.353) 

   

Rural x Born in the 1st year post Reform -0.0846 -0.0771 

 (0.375) (0.475) 

   

Rural x Born in the 2nd year post Reform -1.340
**

 0.216 

 (0.432) (0.524) 

   

Rural x Born in the 3rd year post Reform -0.975
*
 -0.534 

 (0.480) (0.551) 

   

Rural x Born in the 4th year post Reform -0.537 -0.349 

 (0.433) (0.605) 

   

Rural x Born in the 5th year post Reform -1.252
*
 -0.133 

 (0.619) (0.708) 

   

Age 0.147 0.472
*
 

 (0.331) (0.221) 

   

Age squared -0.00259 -0.00815
*
 

 (0.00609) (0.00370) 
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Married -0.637
**

 -0.702
***

 

 (0.203) (0.206) 

   

Schooling 0.0276 0.0346 

 (0.0243) (0.0256) 

   

Province Fixed Effects Y Y 
Standard errors in parentheses, clustered at the county level. 
*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 
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