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ABSTRACT

The Long-term Health Effects of Fetal Malnutrition: Evidence
from the 1959-1961 China Great Leap Forward Famine

We report evidence of long-term adverse health impacts of in utero exposure to malnutrition
based on survivors in their 50s who were born during the China Famine that occurred in the
years 1959-1961. We take advantage of recently available data provided by the China Health
and Retirement Longitudinal Study (CHARLS) to corroborate evidence supporting the Fetal
Origin Hypothesis. We find that fetal exposure to malnutrition has large and long-lasting
impacts on both physical health and cognitive abilities, including the risks of suffering a
stroke, physical disabilities in speech, walking and vision, and measures of mental acuity.
Our findings on the health impacts of fetal malnutrition on middle-age survivors suggest that it
would be desirable to trace the changes of health status of the famine survivors as they age
into later life stages. We suspect that such further study would support the lifetime benefits of
in utero and early infancy health interventions that extend through the life cycle in the form of
avoiding both physical and mental impairment.
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l. Introduction

Malnutrition among pregnant women and children has been a long-standing problem in
developing countries. For example, China, though achieving impressive economic development,
still has more than 120 million individuals suffering from malnutrition and 7.2 million children
with stunted growth (Chen, 2013). The “Fetal Origins Hypothesis” of Barker (1992) and much
subsequent work argue that fetal malnutrition “programs” the fetus with metabolic characteristics
that can lead to future diseases. In the absence of human-subject randomized controlled
experiments that might establish a causal link between fetal malnutrition and later life health
outcomes, historical events such as the Dutch Famine of 1944 (Roseboom et al., 2001; Scholte et
al., 2015) have provided researchers with data permitting the study of the long-term effects of
fetal malnutrition. The 1959-1961 China Great Leap Forward Famine (hereafter China Famine),
being the worst famine in human history, caused about 30 million excess deaths (Li and Yang,
2005). The dramatic differences in famine intensity across cohorts and regions make the China
Famine a particularly well-suited quasi-natural experiment to identify the causal influences of
fetal exposure to malnutrition.

We contribute to the literature by examining the long-term health effects of fetal
malnutrition in a sample of China Famine survivors surveyed when they were in their 50s.
Studies have shown that infants who experienced malnutrition during the fetal period may be
born with normal birth weight and birth size but appear to suffer from various diseases, such as
cardiovascular diseases, diabetes, and breast cancer in later stage of life because the initial
adaptations of DNA to help the survival of a fetus can trigger health problems in later adulthood
(Scholte et al., 2015; Lumey et al., 2011; Schulz, 2010). For example, the Dutch Famine studies
suggest that the adverse influences of in utero exposure to malnutrition on cognitive abilities
become obvious when survivors turned into their 50s, while no significant effects were seen
during their 20s (Stein et al., 1972; Scholte et al., 2015). The delayed effects of prenatal
influences are likely to have prevented earlier studies of the China Famine from identifying the
full negative consequences of fetal malnutrition, because the age range of famine victims in
earlier studies was, necessarily mainly younger than 40 years of age.

Half a century after the event, we are now able to examine the long-term impacts of in

utero malnutrition on health outcomes of the survivors in their middle age with newly available



nationwide panel data on the Chinese elderly, the China Health and Retirement Longitudinal
Study (CHARLS). CHARLS is a biannual panel survey that began in 2011 and collects rich
information on a wide array of detailed objective and subjective health measures of a
representative national sample of individuals who were aged 45 and over in China. CHARLS has
much richer information on various health measures than the China Population Census data and
has a much larger sample compared to the China Health and Nutrition Study (CHNS) data.

There are several studies on the health effects of the China Famine, but they use
relatively simple measures such as heights and weights observed at early adulthood (Gorgens et
al., 2007; Chen and Zhou, 2007; Meng and Qian, 2009; Fung and Ha, 2010), or look at other
health measures using a limited sample (e.g., data obtained from a local hospital) (Clair et al.,
2005; Xu et al., 2009). There has been little, if any, comprehensive evaluation of the occurrence
and magnitude of long-term health consequences of the China Famine, and the newly available
CHARLS data allow us to evaluate these outcomes.

We identify the long-term health effects of fetal malnutrition using province-specific and
year-specific death rates weighted by birth month as a proxy for the famine severity. We find
that fetal exposure to the China Famine of individuals born during 1959-1961 had led to a 24.3%
greater likelihood of developing speech impediment, a 12% greater likelihood of suffering
difficulty in walking and a 3.3% greater chance of developing vision impairment later in life
compared to individuals who were born before or after the China Famine. We also find that
survivors who experienced the famine in utero have a higher probability of having suffered from
a stroke compared to non-famine cohorts.

Consistent with the findings of the Dutch Famine studies, our results show that the
survivors of the China Famine are likely to have a higher probability of low cognitive function.
Survivors who experienced the famine in utero tend to perform much worse in terms of
performing simple arithmetic calculations and date recall tests. Since pregnancy is the critical
period of time when the nervous system is being developed and the human body of the pregnant

women prioritizes the survival of a fetus over brain development, malnutrition experience during



the gestation can cause defects in the formation of famine survivors' neural system (Schulz,
2010).*

The remainder of the paper is structured as follows. In Section I, we briefly discuss the
background of the 1959-1961 China Famine and review the related literature. Section 111 lays out
our empirical strategy for estimating the long-term effects of fetal malnutrition on physical and
cognitive outcomes. In section 1V, we describe the data and report sample statistics. Section V
presents the estimation results and discusses our findings. Section VI concludes.

I. Brief background and related literature on the 1959-1961 Great Leap Forward

Famine

In 1958, the Chinese Communist Party implemented a set of nationwide policies, known
as the Great Leap Forward (GLF) Movement, aiming to quickly catch up the level of
industrialization of the Soviet Union and the United States. Available resources were diverted
from the agriculture sector to the manufacturing sector, and the central government sharply
increased grain procurement from the rural population for urbanization and export. The excess-
procurement of grain from rural areas, exacerbated by a series of severe weather conditions, led
to a huge decrease in caloric intake of rural residents and thus to their physical capacity to
engage in farm work. As a result, grain production dropped substantially, leading to a vicious
cycle of malnutrition, lowered labor productivity and further reductions in output of agricultural
products worsened by reduced production incentives (Meng and Qian, 2009).

Compared to the pre-famine production level, national grain output dropped by almost
30% in 1960 (Li and Yang, 2005). Exacerbating the impact of lower agricultural production, the
Chinese central government’s delayed response to the food shortage, severe limitations on
interregional transfer of grain and other foods, transfer of food to the industrial sector’s workers,
and ignorance of local conditions (due in part to politically motivated over-reporting of grain
output) all contributed to turning the overall reduction in food availability into the 1959-1961

China Famine, probably the worst famine in human history as measured by excess deaths.

! Animal studies are also in line with our finding. For example, previous lab experiments on rodents show that deced
ents of undernourished mother rats tend to have fewer brain cells than decedents of normally nourished mother rats (
Strauss, 1997)



Scholars estimate that the China Famine resulted in approximately 23-30 million deaths above
what might have been expected under normal grain production and distribution and 30 million
lost births (Chen and Zhou, 2007).

Although the China Famine was a national phenomenon, the famine intensity varied
significantly across provinces (Chen and Zhou, 2007). For example, central provinces such as
Henan, Anhui and Sichuan were extremely severely affected by the famine, but the northeastern
provinces were less severely impacted (Almond et al., 2010). Figure 1 shows the number of
excess deaths during the famine period and its geographical variation.

The Chinese central government eventually recognized the severity of the famine and
moderated its policies, reducing the transfer of grain from rural areas to urban areas and sending
millions of people back to the countryside to boost agricultural production, raising the rural labor
force by more than 50 million (Li and Yang, 2005). By 1961, death rates began to come back to
the pre-1959 level in over half of the provinces, and birth rates started to rebound as shown in
Figures 1 and 2.

Related Literature

Most existing studies of the lasting impacts of the China Famine have focused on
economic outcomes such as labor supply, income or education attainment (Meng and Qian,
2009; Chen and Zhou, 2007; Shi, 2011; Almond et al., 2010; Kim et al., 2014). Compared to the
non-famine cohorts, those born during the China Famine tend to work fewer hours, are more like
to be illiterate, and to marry a spouse with less education (Almond et al., 2010). Existing
research has also found that the famine’s impacts are not limited in the first generation. Children
who were born to famine survivors tend to have fewer years of schooling, higher BMI and
stunted heights (Fung and Ha, 2010; Kim et al., 2014; Tan et al., 2014). Studies regarding the
China Famine’s impacts on health outcomes are relatively limited due to the availability of the
data. Only simple health measures such as height, weight and BMI were examined at relatively
young ages (20s-30s) (Chen and Zhou, 2007; Meng and Qian, 2009; Fung and Ha, 2010). It was
shown that fetal exposure to malnutrition is associated with significant reduction of height and
body weight (Chen and Zhou, 2007; Meng and Qian, 2009). Though height and weight are
indicators of famine survivors’ health conditions, they provide very rough references for

understanding the famine’s influences on detailed health outcomes such as hypertension,



cognitive abilities, mental functions and other specific health conditions. Our study of the China
Famine is an effort to fill the gap by examining a rich set of health outcomes and providing
references to understand fetal malnutrition’s long lasting impacts in famine survivors’ middle
age.

Particularly, for mental health, previous studies have focused mainly on fetal
malnutrition’s impacts on the probability of suffering from schizophrenia. Consistent with the
Dutch Famine studies, exposure to malnutrition in utero could lead to higher risk of
schizophrenia in survivors’ early adulthood. However, the data for these studies tend to be
restricted to narrow geographical areas. For example, Clair et al. (2005) and Xu et al. (2009) use
local hospital records from Anhui and Guangxi autonomous region and thus cannot control for
region-specific heterogeneity.

1. Econometric Specification and Empirical Strategy

Our econometric model is represented by the following equation:
(1) Yiptk = ,BWDRptk + v Xiptke + Up + O+ + Eiptk
where the subscript i represents an individual, p a birth province, t a birth year and k a birth
month. We use the province-year level death rate weighted by months in utero during birth year t
and year t-1 as a measure of fetal exposure to malnutrition, following Almond et al. (2010). For
example, an individual born in January 1960 in Shandong would be assigned 1/9th of
Shandong’s 1960’s average death rate (ADR) and 8/9th of Shandong’s 1959°s average death
rate; for individuals born in September to December, the weighted death rate is the same as the
birth year’s average death rate, because conception occurred in the year of birth. It follows that

for those born in months January through August, i.e., k=1,---, 8,
(2) WDRpy= X ADRy + Z=*xADRy 11

where ADR is the province- and year- specific measure of famine intensity, equivalent to the
number of deaths per 1,000 individuals in year t and province p. X, a vector of controls, include
other characteristics that might affect current health outcomes such as gender and father’s and
mother’s education. In the regression, we control for permanent unobserved province-specific

heterogeneity, u,,, year-specific unobserved heterogeneity invariant across provinces, 6., and
month-specific unobserved heterogeneity,¢,. In the absence of confounding factors, 8 can be
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interpreted as the estimated causal effect of fetal exposure to the China Famine on health
outcomes.

The following discussion deals with potential confounding factors that would lead to

biased estimation of j3.

Selective Mortality

The most severely impacted individuals are more likely to have died during or shortly
after the famine. Also, since the China Famine took place over half a century ago, those severely
impacted individuals who managed to survive birth and early life are less likely to have survived
into middle age. As a result, the famine survivors in our sample would be in general healthier
than the famine victims who are missing due to selective deaths. We do not have any information
about those who are missing due to the famine-caused deaths, so we cannot correct for this bias.
However, since selective mortality makes our estimates biased toward zero effect, our estimates
of the long-run health impacts of the fetal experience to the China Famine can be interpreted as

lower bounds of the true effects.

Selective Fertility

Due to the extreme adverse environmental and nutritional conditions during the China
Famine, marriages and childbearing were postponed or foregone through choice and reduced
chance of conceiving. Shi (2011) reports that there were about 15 million lost births due to the
China Famine. Therefore, children born during the famine would have come from families with
better socio-economic and nutritional conditions. Similar to the bias caused by selective
mortality, selective fertility during the famine period biases estimated effects of fetal experience
to the China Famine toward zero.

Moreover, parents whose childbearing was delayed by the famine appear to have offset
the birth-rate dip after the famine ended. Figure 2 reveals a sharp increase in birth rates in 1962
, the year after the famine ended. To the extent that the post-famine surge in birth rates is
attributable to women whose health was impaired by the famine, it is likely that children born

right after the famine inherited characteristics attributable to the famine. Thus, the two fertility

% The discussion of econometric issues in estimating the long-run health impacts of early-life malnutrition is largely
taken from Kim et al. (2014).



selections (positive selection during the famine and negative selection right after the famine)
would attenuate the estimated in utero impacts of the China Famine on long-run health outcomes
toward no effect.

Selective Migration

The intensity of the China Famine varied greatly across provinces. Central provinces
were the worst hit while northeastern provinces were relatively spared (Almond et al., 2010).
Migration from severely impacted areas to less impacted regions was virtually prohibited before
1978. According to Chen and Zhou (2007), interprovincial migration accounted for only 0.3-
0.7% of the population at risk between 1959 and 1963.

Measurement Error

We acknowledge that WDR is not a perfect measure of fetal malnutrition. A pregnant
woman’s caloric intake would be a much better measure, but such data is not available. Thus, we
argue that WDR is the best available source of the information on the fetal malnutrition shock
during the China Famine. Assuming that fetal malnutrition is a stochastic function of WDR, we
use WDR as a proxy for the degree of fetal malnutrition.

Formally, we can write that

(3) WDR, = 6Calypy + wpek
where Cal is the average fetal caloric intake during pregnancy, & is a proportionality coefficient,
w is a classical type of measurement error unobserved to an econometrician. Assuming the
presence of classical measurement error, we interpret our estimate of WDR as biased toward

zero; thus we estimate a lower bound of the true famine effect on long-run health outcomes.

Other Omitted Variables

One might be concerned that our estimates of the fetal malnutrition impacts are

confounded by the 1966-1976 Cultural Revolution’s adverse influences. However, the Cultural
Revolution was mainly an urban phenomenon while the China Famine was mainly confined to
rural areas, and we believe that we can ignore its impacts in this study.

We control for the local institutional quality differences in policies that contributed to

health through a province-fixed effect to the extent that such institutional differences are time-



invariant. Differences across provinces in policies adopted after the China Famine could lead to
biased estimation, and the direction of the bias would depend on the nature of such differential
policy responses, if any. We are not aware of systematically different post-famine policy changes

across provinces (Meng and Qian, 2009).
V. Data

The China Health and Retirement Longitudinal Study is a biannual longitudinal survey
that collects rich information on economic, health, and social conditions for a representative
sample of individuals who are 45 and over (as of 2011) in China. CHARLS covers 150 counties
in 28 provinces, and the sample size of the baseline survey is 17,692 individuals (8471 men and
9221 women) in 10,257 households.® The first baseline survey was conducted in 2011-2012 and
the second one in 2013.

CHARLS’s advantages for our research include that (i) it provides a wide array of
measures of health and other individual and family characteristics, and that (ii) it focuses on the
middle-age and older population, thus providing an adequate sample to study long-term health
effects. By comparison, the China Population Census would be the best available data in terms of
sample size, but the Census asks very little information on health (a single gquestion on self-
reported health status). The China Health and Nutrition Survey contains comparable information,
but its effective sample size for our research is significantly smaller than that of CHARLS,
because it surveys only 9 provinces and covers all age ranges.* The China Household Income
Project survey, an individual-level repeated cross-sectional data surveys only the urban
population, while our focus is on those born in rural areas. Thus, we argue that CHARLS is the
most suitable data available for our study.

We construct the sample using the following criteria. First, we select those who were born
from 1954 to 1966, five years before and after the China Famine, to include substantial time-

variation in our measure of in utero nutrition. Second, we restrict the sample to those born in the

® Tibet is excluded from sampling.
* Also, the CHNS does not track survey participants who migrate out of the province of the initial interview so it can
potentially create a sample selection bias due to the different likelihood of migration by ability and health.
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rural areas because the famine took place mostly in the rural areas. We drop individuals from the
provinces where provincial death data are not available.”

Figure 3 shows that the size of the cohorts between 1959 and 1961 is much smaller than
before or after this period, reflecting the increased death rate and the lowered birth rate resulting
from the famine severity. We observe a continuing drop in the number of sample individuals
starting in 1958, and then a sharp rebound after 1961. The frequency of each sample cohorts
closely mirrors the distributions in birth and death rates in China from 1954 to 1966.

Sample statistics are reported in Table 1. The final sample size after imposing the above
selection criteria is 7276. 53% of the sample is female, and 94% of the sample is married. The
education level of the sample individuals is much higher than that of their parents: more than
80% of the sample completed primary school while only 43% of their fathers and 15% of their
mothers reached this level. The surveyed households on average have 3.45 family members.
There is wide dispersion in the distribution of annual income and working hours. The mean of
annual income is 13,531 yuan with a standard deviation of 31,004. The mean of the annual
working hours is 366 with a standard deviation of 372. For physical disability measures, i) 0.7%
of the sample has a speech impediment, ii) 5.9% of the respondents report vision disability, and
iii) 5.0% experienced difficulty in walking. 1.3% of the sample reports that they ever had a
stroke. The size of the sample with cognitive problems is much larger: almost half of the sample
made mistakes in carrying out simple arithmetic tasks and 58% of the respondents recall the

dates (such as day of the week and month) incorrectly.
V. Results

Table 2 presents our estimation results reporting the effect of fetal exposure to the China
Famine on survivors’ health conditions. Standard errors are clustered at the province level and
reported in parentheses. Note that all specifications include father’s and mother’s education and

fixed effects for birth year, birth month, and birth province. We also include a female dummy

® Chongqing was previously a part of Sichuan but became a direct-controlled municipality in 1997. Therefore, there
are no separate provincial death data for Chongging.
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variable to account for potential gender differences.® As discussed in the previous section, we
interpret the estimated coefficient of WDR as a lower bound of the magnitude of the negative
long-term health effects of fetal malnutrition. The coefficients reported in Table 2 represent the
marginal effect of a unit change in WDR*1000 on the probability of a corresponding dependent
variable of interest evaluated at the mean of WDR.” In order to show economic significance of
the famine impact, we also report the effect of one standard deviation of WDR on the probability
of a corresponding dependent variable in square brackets.

A. Regression Results

As hypothesized, in utero exposure to the China Famine has had large and long-lasting
impacts on survivors’ physical health and cognitive abilities. Column (1) of Table 2 shows that a
one standard deviation increase of famine intensity resulted in a 0.17 percentage-point increase
in the probability of a speech impediment, which is a 24.3% increase in the likelihood of
suffering from this disability compared to the average.

Column (2) reports the famine impact on respondents’ evaluations of whether they have
any trouble walking longer than 100 meters. A one standard deviation increase of famine
intensity is associated with a 0.6 percentage-point increase in the probability of difficulty of
walking, or about 12% increase in the likelihood of experiencing this disability compared to the
average.

Column (3) further confirms the causal relationship between fetal exposure to famine and
physical disability: a one-standard deviation increase of famine intensity increases the
probability of developing vision disabilities by a 0.2 percentage-point increase or a 3.3%
increase in the likelihood compared to the average. Disabilities in speech, vision and difficulty in
walking could not only be viewed as direct health consequences of prenatal exposure to

malnutrition, but also complications of other health problems such as stroke. Therefore, we could

®We also included an interaction term between WDR and a female dummy to capture the gender-specific famine
impact on health outcomes, but the statistical significance and economic magnitude of the interaction term for all
outcome variables is close to zero, so we only report results using a female dummy variable as a control.

" Sample size varies across different outcome variables due to the missing values in the corresponding outcome varia
bles. However, our results are robust even if we use the identical sample across different outcome variables (i.e., the
sample without no missing values for all outcome variables).

& One standard deviation of WDR is approximately equal to the difference of average WDR between famine years
and non-famine years.
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interpret the results of columns (1) to (3) as reflections of adverse impacts of fetal exposure to
malnutrition on survivors’ general physical health.

It has been reported that prenatal exposure to malnutrition negatively impacts survivors’
cognitive abilities (Barker, 1992). Thus, we examine the relationship between fetal malnutrition
and cognition outcomes. In CHARLS, respondents were asked to perform a series of simple
arithmetic calculation tests and a date check test. Defining a failure to satisfy either of these tasks
as an error, we show in column (4) that a one standard deviation increase of famine intensity
resulted in a 1.8 percentage-point increase in the probability of a speech impediment, which is a
4.2% increase in the likelihood of error in the calculation test; in column (5) we see that a
standard deviation increase in WDR leads to a 1.2 percentage-point increase in the probability of
not knowing the correct survey date (such as day of the week, month of the survey, etc.), which
is a 2.1% increase in the likelihood of recall error. Interestingly, coefficient estimates on the
female dummy are significant on both measures. On one hand, it indicates potential gender
differences in impacts from fetal exposure to famine on cognitive functions. On the other hand, it
could also reflect the gender differences in education attainment in China. Due to preference for
boys, females in general receive less education than males and thus may make more mistakes in
tasks such as arithmetic calculation tests.’

Column (6) reports estimation results for the impact of in utero famine exposure to stroke.
We see a one standard deviation increase of famine intensity would lead to a 0.3 percentage point
increase in the probability of having had stroke, which amounts to a 23.1% increment of risk
compared to the mean. This finding shows significant influences of adverse prenatal environment
on survivors’ cerebrovascular health.

Our results confirm many findings of the previous literature regarding the damaging
effects of in utero exposure to malnutrition. However, we do not find substantial impact of
famine on health measures commonly used in the China Famine literature such as height and
weight as reported by Chen and Zhou (2007) and Meng and Qian (2009). *° Also, we do not find

any statistically significant results for other ailments such as heart attack or hypertension while

® Consistent with our speculation, once we control for the survivor’s education, the magnitudes of the coefficient
estimate on female becomes much smaller or statistically insignificant. See Panel C of Table 4. However, we do not
include the sample individual’s own education as a control in the baseline specification because it could have been
directly affected by the famine (a bad control problem).

19 Since these outcomes were observed at younger ages, it is possible that some of them have died (selective
mortality).
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many of them have correct signs. Since our sample population has only reached their middle
ages, we might expect to observe more precisely estimated impacts on these health problems as
individuals age further.

B. Robustness Check

To check the robustness of our findings, we first report regression results using the
average death rate, ADR, which is the basis for constructing the weighted death rate, WDR, but is
not adjusted to account for birth month. Since ADR should be less accurate in capturing the
intensity of the famine than ADR, we expect that the coefficient estimates on ADR would be
similar but less precise. As reported in Table 3 panel A, the estimated impacts of fetal exposure to
malnutrition on speech and vision disabilities, difficulty in walking, and cognitive measures are
robust to the modification of the measure of malnutrition exposure. Although the estimated
impact on the probability of having had stroke loses statistical significance, its magnitude
remains consistent with our baseline estimation.

Since the China Famine was mainly a rural phenomenon, running the same set of
regression on the urban-born population provides another robustness check on our results,
because we do not expect to find negative health effects of the China Famine on those born in
urban areas. The regression results are presented in Table 3, panel B, and we indeed find no
effects of fetal malnutrition on health outcomes among urban-born members of the sample as
expected.

In panel C of Table 3, as another robustness check, we add the sample individual’s own
education attainment to the baseline specification, although we acknowledge that education
attainment can be partially determined by the famine exposure and is thus not an ideal control
variable. As stated above, the magnitude of the coefficient estimates on the female dummy
variable become smaller, especially on cognitive outcomes, when we additionally include
education attainment. This could be due to the fact that lower education attainment of females
(reflecting China’s son preference culture) can partially explain the coefficient estimate on the
female dummy variable on health outcomes, because education has positive effects on health in
general. In addition, the coefficient estimates of WDR are robust to the inclusion of education
attainment in general suggesting that the negative long-term famine impacts are not explained by

differences in education levels.
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Finally, in an attempt to eliminate a potential source of attenuation bias and omitted
variable bias, we estimate equation (1) using the 2SLS procedure. WDR is instrumented by
province- and year- specific weather conditions (Li and Yang, 2005).* The identifying
assumption is that bad weather is orthogonal to unobserved heterogeneity correlated with WDR.
The probit-1V estimation results are shown in Table 3, panel D. Unfortunately, the coefficients on
WDR are not precisely estimated and thus the results are not informative.

VI. Conclusion

We report evidence of long-term adverse health impacts of fetal malnutrition based on
survivors in their 50s who were born during the 1959-1961 China Famine. Our results support
the Fetal Origins Hypothesis (Barker, 1992) that in utero shocks can alter the activities of the
epigenome™? in favor of survival, but only at the cost of a higher probability of developing
certain diseases in later life stages. We find that fetal exposure to malnutrition has large and long-
lasting impacts on both physical health and cognitive abilities, including the risks of suffering
from a stroke, physical disabilities in speech, walking and vision, and measures of mental acuity.
Our findings on the health impacts of fetal malnutrition on middle-age survivors suggest that it
should be desirable to trace the changes of health status of the famine survivors as they age into
later life stages.

Our study provides evidence supporting policies and programs to improve the nutritional
status of pregnant women. As implied by one of the United Nations’ Millennium Development
Goals, maternal health has received increasing attention in recent years. For example, Improving
Nutrition and Food Safety for China’s Most Vulnerable Women and Children, a joint program of
the United Nations and the Chinese central and local governments has focused on food-related
issues of 1.2 million children, women of childbearing age and other at risk populations. It aims to
reduce mortality and other adverse impacts of malnutrition by providing nutritional packages to

children and pregnant women (Chen, 2013). Our findings imply that the payoff to such

1 We adopt weather information as an instrument because the three-year famine period coincided with bad weather.
The 1959-61 China Famine was officially named as “Thee Years of Natural Calamities”, quoting the bad weather as
the major blame for the catastrophe by the Chinese government.

12 Epigenome can be viewed “a series of switches that cause various parts of the genome to be expressed or not”
(Almond and Currie, 2011).
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interventions play out much further into the future than evaluation of their immediate benefits
might suggest.
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Figure 1 Severity and Geographical Variation of Annual Death Rates in China
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Figure 2 China’s Total Fertility Rate, 1954-1966
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Figure 3: Frequency of Sample Birth Cohorts
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Table 1 Summary Statistics

. Statistics
Variable N Mean )
Proportion married 7,276 94 (.23)
Annual working hours 7,219 366 (372)
Proportion the sample individual’s 7,276 43 (.50)
father completed primary school ' '
Proportion the sample individual’s 7,276
. 15 (36)
mother completed primary school
Proportion women 7,276 .53 (.50)
Proportion the sample individual 7,276
. .82 (.39)
completed primary school
Family Size 7,276 3.45 (1.60)
Annual Income (in 2013 CNY) 7,276 13,531 (31,004)
Health Outcome Variables
Speech Impediment 7,231 .007 (.085)
Difficulty in Walking 7,116 .050 (.22)
Vision Disability 7,231 .059 (.24)
Ever Had Stroke 7,232 013 (.11)
Calculation Error 7,232 43 (.50)
Recall Error 7,232 .58 (.49)
Table 2 Regression Results
1) ) 3) (5) (6)
Speech Difficulty in Vision Calculation Recall Had
Impediment ~ Walking Disability Error Stroke
WDR*1000 0.216" 1.017 0.368 2.41 0.434°
(0.086) (0.479) (0.221) (1.27) (0.253)
[0.0017] [0.006] [0.002] [0.012] [0.003]
Female -0.00142  0.0285 0.00356 0.024" 0.00033
(0.0013) (0.005) (0.0046) (0.013) (0.0027)
Pseudo-R? 0.07 0.05 0.07 0.016 0.061
Observations 6,878 7,089 7,227 7,228 6,852

21

Note: Standard errors clustered at provincial level are reported in parentheses. All regression results include fixed
effects for birth year, birth month, birth province, and parents' education. The effects of one SD increase in WDR on
the probability of outcome variables are reported in square brackets. ~ p<0.01, ™ p<0.05, * p<0.1



Table 3 Robustness Analysis

A. Average Death Rate (ADR)

(1) 2 3) (4) (5) (6)

Speech Difficulty in Vision Calculation Recall Had
Impediment Walking Disability Error Error Stroke

ADR*1000 0.2027" 1.00" 0.397 3.05 2537 0.41
(0.08) (0.46) (0.23) (1.3) (1.23) (0.25)
Female -0.001 0.0285"" 0.004 0.149™ 0.024" 0.0003
(0.001) (0.005) (0.005) (0.014) (0.13) (0.003)

R? 0.07 0.05 0.07 0.04 0.02 0.06
Observations 6,878 7,089 7,227 7,228 7,228 6,852

Note: Standard errors clustered at provincial level are reported in parentheses. All regression results include fixed
effects for birth year, birth month, birth province, and parents' education. ~ p<0.01, ~ p<0.05, p<0.1

B. Urban Sample

1) (2) (3) 4) (5) (6)
Speech Difficulty in Vision Calculation Recall Had
Impediment Walking Disability Error Error Stroke
WDR*1000 2317 -0.978 1.75 -4.10 -1.97 -2.73
(1.14) (1.51) (1.32) (5.67) (6.33) (1.51)
Female -0.0126™ 0.008 -0.025 -0.055 -0.162°77  0.002
(0.006) (0.010) (0.014) (0.037) (0.033)  (0.005)
Pseudo-R? 0.33 0.15 0.19 0.06 0.09 0.12
Observations 139 584 601 952 941 229

Note: Standard errors clustered at provincial level are reported in parentheses. All regression results include fixed
effects for birth year, birth month, birth province, and parents' education. ~ p<0.01,  p<0.05, p<0.1
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C. Inclusion of the respondents’ own education as a control

(1) (2 (3) (4) (5) (6)
Speech Difficulty in Vision Calculation Recall Had
Impediment Walking Disability Error Error Stroke
WDR*1000 0.1447 0.950" 0.305 2.95 1.93 0.414°
(0.056) (0.502) (0.213) (1.59) (1.17) (0.237)
Primary School ~ -0.0045"  -0.0218""  -0.0891  -0.3007 e -0.002
(0.001) (0.004) (0.007) (0.0237) (0.0165)  (0.002)
Middle School  -0.0067""  -0.0212""  -0.021"  -0.428" e -0.0077
(0.001) (0.005) (0.005) (0.0203) (0.133) (0.003)
Above Middle
School -0.0045 -0.0277 -0.035 -0.521 034" 0.0015
(0.0007) (0.005) (0.005) (0.018) (0.012) (0.003)
Female -0.0031™ 0.0215™ -0.004 0.057°" 0.057" -0.0005
(0.001) (0.005) (0.005) (0.014) (0.011) (0.003)
Pseudo-R? 0.13 0.06 0.08 0.12 0.1 0.07
Observations 6,878 7,089 7,227 7,228 7,228 6,852

Note: Standard errors clustered at provincial level are reported i*rl*parenthes*gs. All regression results include fixed effects for
birth year, birth month, birth province, and parents' education. =~ p<0.01,  p<0.05, p<0.1

D. Probit-1V Regression

1) ) 3) (4) () (6)

Speech Difficulty in Vision Calculation Recall Had
Impediment Walking Disability Error Error Stroke
WDR -0.052 0.017 -0.009 0.002 0.040 -0.084
(0.057) (0.040) (0.027) (0.019) (0.026) (0.066)
Female -0.104 0.318 0.051 0.408 0.074~ 0.059
(0.096) (0.052) (0.052) (0.037) (0.035) (0.134)
Observations 5,178 5,354 5,437 5,439 5,439 5,162

Note: Standard errors clustered at provincial level are reported in parentheses. All regression results include fixed effects
for birth year, birth month, birth province, and parents' education. ~— p<0.01, = p<0.05, p<0.1
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