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A B S T R A C T

Background: Schizophrenia is a common major mental disorder and prenatal nutritional deficiency may
increase its risk. We aimed to investigate long-term impact of prenatal exposure to malnutrition on risk
of schizophrenia in adulthood using the Chinese famine of 1959–1961 as a natural experiment.
Methods: We obtained data from the Second National Sample Survey on Disability implemented in 31
provinces in 2006, and restricted our analysis to 387,093 individuals born from 1956 to 1965.
Schizophrenia was ascertained by psychiatrists based on the International Statistical Classification of
Diseases, Tenth Revision. Famine severity was defined as cohort size shrinkage index. The famine effect
on adult schizophrenia was estimated by difference-in-difference models, established by examining the
variations of famine exposure across birth cohorts.
Results: Compared with the reference cohort of 1965, famine cohorts (1959–1962) had significantly
higher odds (OR: 1.84; 95% CI: 1.13, 3.00; P = 0.014) of schizophrenia in the rural population. After
adjusting for multiple covariates, this association remained significant (OR: 1.82; 95% CI: 1.11, 2.98;
P = 0.018). We did not observe statistically significant differences in odds of schizophrenia among famine
cohorts compared with the reference cohort in the urban population.
Conclusions: Prenatal malnutrition exposure has a detrimental impact on risk of schizophrenia in
adulthood in the rural population. Further studies were needed to investigate corresponding
mechanisms on this topic.

© 2018 Published by Elsevier Masson SAS.
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1. Introduction

Malnutrition is a long-standing health problem in developing
countries and has become a public concern around the world.
The target of reducing malnutrition, however, was one of the
great missed opportunities in achieving the Millennium Devel-
opment Goals [1]. For example, research on the 2010 Global
Burden of Disease estimates showed that, malnutrition was still
ranked the first and the fourth risk factor in Sub-Saharan Africa
and South Asia, respectively [2]. In addition, the challenge of
malnutrition has triggered global political commitment and
economic actions. Despite facing fiscal difficulties, the G8
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countries increased by almost 50% investment in the bilateral
nutrition programs from 2009 to 2011 [3]. Furthermore,
malnutrition has attracted growing attention from the public,
as Google Trends showed that the term “malnutrition” had
matched “HIV/AIDS” in terms of internet interest until 2013,
whereas malnutrition received just one half of interest of HIV/
AIDS in 2008 [4]. However, there are few cohort human studies
on the effect of in utero malnutrition on adult health outcomes
due to apparent ethical considerations.

Famine, as a natural experiment, offers a unique opportunity
to investigate the long-term association of prenatal malnutrition
and adult health including schizophrenia [5]. Most studies on this
issue are based on the Dutch famine of 1944–1945 and the
Chinese famine of 1959–1961 [6]. The first study regarding
the Dutch famine and risk of schizophrenia found that in the
comparison based on birth time controls, those who were
prenatally exposed to famine in the first trimester had more
than two-fold likelihood of schizophrenia among women [7]. The
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second Dutch study, retrieving hospital register data, suggested a
significant association of prenatal exposure to famine with
roughly two-fold odds of schizophrenia in both men and women
[8]. Subsequent studies on the Dutch famine and schizophrenia
observed similar findings [9–11].

The Chinese studies regarding famine exposure and schizo-
phrenia emerged recently and found similar associations with the
Dutch studies. Two studies, using hospital records of schizophre-
nia patients in Wuhu, Anhui province and Liuzhou, Guangxi
province, replicated the Dutch studies and both found two-fold
increased odds of schizophrenia in adulthood among those who
were exposed in utero to the Chinese famine after adjusting for
mortality [12,13]. The latter study in Liuzhou also suggested the
famine effect on schizophrenia was restricted to the rural
population, not in the urban population [13]. Based on data of
the 1987 Disability Survey on Disability, another study exploited
the estimation approach of simple cohort difference (SCD) and
somewhat observed different results, showing that in the urban
population, early-life exposure to famine cohorts increased
likelihood of schizophrenia than pre-famine and post-famine
cohorts, but in the rural population, post-famine cohorts were
more likely than famine and pre-famine cohorts to have
schizophrenia in adulthood [14].

Previous Chinese studies on prenatal famine and adult
schizophrenia have a few limitations. First, two hospital-based
investigations were regional because they only based on one
psychiatric hospital records separately. Second, the estimation of
SCD has methodological deficiencies since it cannot exclude
intrinsic cohort differences other than famine; that is, the observed
differences across birth cohorts may be a reflection of general
cohort effects even without exposure to famine [15,16]. A valid
strategy to more robust capture the famine effect on health
outcomes relies on difference-in-difference (DID) models, estab-
lished by examining the regional variations of famine exposure
across birth cohorts [17,18].

In this study, using the Chinese famine of 1959–1961 as a
natural experiment, we investigated the potential long-term effect
of in utero exposure to malnutrition on schizophrenia in adulthood
based on DID methods. An examination on this topic would
contribute to the literature in several ways. First, we tested the fetal
origins hypothesis [19,20] that the effect of prenatal famine on
adult schizophrenia from the national perspective. Second, we
exploited DID methods to estimate more previse long-term effect
of famine on schizophrenia.

2. Methods

2.1. Background the Chinese famine

The Chinese famine coincided with a nationwide movement,
known as “Great Leap Forward (GLF)”, which started sweeping
across China in 1958. The GLF aimed to bring about rapid
industrialization and overtake the level of Britain and the United
States in a short time [17]. Contrary to the expectation, however,
the GLF severely disrupted agricultural production [21]. Conse-
quently, grain output dropped by 15% in 1959, and in the next two
years, continued to drop to roughly 70% of the 1958 level [22].
Meanwhile, the central government sharply increased grain
procurement from the rural population. The plunge of grain
output, excess procurement and severe weather disaster jointly
caused a dramatic decline in caloric intake and the famine ensued
in all regions of China [23]. From 1959 to 1961, the death rates
sharply increased while the fertility rates rapidly decreased at the
same time [23]. By 1962, both death and birth rates returned to a
normal level [24].
rg/10.1016/j.eurpsy.2018.01.003 Published online by Cambridge University Press
2.2. Study participants

We derived data from the Second National Sample Survey on
Disability conducted in 31 provinces in 2006. The aim of the survey
was to investigate the prevalence, causes, and severity of
disabilities, as well as the living conditions and health service
needs of the disabled. Multistage stratified random cluster
sampling, with probability proportional to size, was used in 734
counties (districts), 2980 towns (streets) and 5964 communities
(villages) from all provinces [25]. The survey sample size was
2,526,145, representing 1.9 per 1000 non-institutionalized inhab-
itants of China [26].

In the present study, the term “in utero or prenatal exposure”
refers to maternal exposure to famine during the roughly 300 days
from the peri-conception to delivery [6]. We restricted our analysis
to 1956–1965 birth cohorts, mainly because of avoiding other
natural disasters before and after the famine, including the
extremely cold weather of 1954–1955 and the Chinese Cultural
Revolution of 1966–1976 [18].

Adults born in 1959–1962 were exposed to famine in gestation,
and thus were defined as famine cohorts. Those born in 1956–1958
and 1963–1965 were not prenatally exposed, and thus were
defined as pre-famine and post-famine cohorts, respectively. We
selected a subsample of 387,093 adults born in 1956–1965, at the
ages of 41–50 years during the survey time. More details of sample
selection were presented in Fig. 1.

2.3. Ethics approval

The survey was conducted in 31 provinces by the Leading Group
of the National Sample Survey on Disability and the National
Bureau of Statistics. The survey was approved by the China State
Council (No. 20051104) and implemented within the legal
framework governed by the Statistical Law of the People’s Republic
of China (1996 Amendment). All respondents provided consent to
the Chinese government, which covered their participation in the
survey and the clinical assessment process.

2.4. Measures

2.4.1. Ascertainment of schizophrenia
Schizophrenia was ascertained by the combination of self-

reports or family members’ reports and on-site medical diagnosis
by psychiatrists in the Second National Sample Survey on Disability
according to the WHO International Classification of Functioning,
Disability, and Health (WHO-ICF) [27].

We recruited interviewers from local primary care institutions
and trained them in the methods of survey and screening. Trained
interviewers went to the households to screen adults with mental
disability using a questionnaire. The questionnaire was developed
according to the ‘Guidelines and Principles for the Development of
Disability Statistics’ [28], and had been shown very good validity
[29]. The detailed screening questions were presented in our
previous work [30].

If we found the subjects who have a tendency of mental disability,
we would refer them to psychiatrists for final medical diagnosis of
mental disability and schizophrenia based on the World Health
Organization Disability Assessment Schedule, Version II (WHO DAS
II) and the International Statistical Classification of Diseases, Tenth
Revision (ICD-10) [31]. The WHO DAS II had been verified for good
validation among schizophrenic patients [32]. Psychiatrists with 5 or
more years of clinical experience were trained to use ICD-10 criteria
for the diagnosis of schizophrenia. The symptom checklist is a semi-
structured instrument, which was employed to identify the
psychiatric symptoms and syndromes in the F0–F6 categories of
the ICD-10. Every category includes a list of symptoms and
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Table 1
The cohort size shrinkage index (CSSI), by province.

Province Nnonfam Nfam CSSI

Beijing 220625 207940 0.06
Hebei 1406671 914698 0.35
Shanxi 569704 414934 0.27
Nei Mongol 395816 311681 0.21
Liaoning 981357 645586 0.34
Jilin 539490 391973 0.27
Heilongjiang 642545 522049 0.19
Shanghai 274812 269212 0.02
Jiangsu 1436862 828593 0.42
Zhejiang 945345 585217 0.38
Anhui 1228450 472500 0.62
Fujian 569214 361886 0.36
Jiangxi 697476 505286 0.28
Shandong 1916667 1096667 0.43
Henan 1800000 933333 0.48
Hubei 1133400 737603 0.35
Hunan 1349402 678039 0.50
Guangdong 1365486 877825 0.36
Guangxi 721841 360794 0.50
Sichuan 2467172 1247819 0.49
Guizhou 684593 361700 0.47
Yunnan 720890 409346 0.43
Shannxi 642333 478000 0.26
Gansu 461419 208202 0.55
Qinghai 75435 38449 0.49
Ningxia 83840 36647 0.56
Xinjiang 208298 179649 0.14

Tianjin, Hainan and Chongqing were included in Hebei, Guangdong and Sichuan,
respectively. We excluded Tibet due to the absence of population data at that time.
Nnonfam: the mean size of cohorts before (1956–1958) and after the famine (1962–
1964); Nfam: the mean size of cohorts during the famine (1959–1961).
The data of population were derived from the China Statistical Yearbook.

The Second National Sample Survey on Disability

2,526,145 individuals from 5,964 sites in 734 

counties, 31 provinces

387,093 individuals born in 1956-1965

Selecting before, during and 
after famine cohorts 

Ascertained by psychiatrists 
according to the ICD-10

1,737 individuals with schizophrenia (0.45%)

Fig. 1. Flowchart of the study sample.
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instructions, which may help psychiatrists considering other
possible syndromes. Following the instructions, the psychiatrists
filled out the checklist and diagnose schizophrenia and other mental
disorders [30]. The ICD-10 diagnostic criteria had been used in the
ascertainment of schizophrenia among Chinese people and also
presented good validity in China [12].

2.4.2. Famine severity
The Chinese famine not only had long duration and extreme

severity, but also had substantial variation in severity across
regions [17]. The regional variation in famine severity, combined
with differences in schizophrenia across birth cohorts, provides a
unique opportunity to identify the famine effect on schizophrenia.

Wemeasuredfamineseveritybycomparing thesizeof the famine
cohorts relative to the surrounding non-famine cohorts in the
population using the data from China Statistical Yearbook, named as
the cohort size shrinkage index (CSSI) [33,34]. The potential
assumption of CSSI is that compared with pre- and post-famine
cohorts, the smaller size of the famine cohorts due to the plunge of
fertility and/or the surge of mortality, the larger the severity of the
famine [34]. We calculated the average cohort size of those born
during the three years before the famine (1956–1958) and the three
years after the famine (1962–1964), namely Nnonfam;we also denoted
the mean size of cohorts during the famine (1959–1961), namely
Nfam. Afterwards, we obtained the CSSI as the difference between
Nnonfam and Nfam divided by Nnonfam. The validity and reliability of
CSSI has been shown to be reasonably good elsewhere [18,35].

We assessed famine severity at the province level. Per the
administrative region division during 1956–1965, Tianjin, Hainan
and Chongqing were included in Hebei, Guangdong and Sichuan
province, respectively. We dropped Tibet due to lack of population
data during the famine period. Thus, we obtained the CSSI values of
27 provinces, ranging from 0.06 to 0.62 with a mean of 0.36,
representing that the average cohorts during the famine period
were 36% lower than the mean size of the cohorts born in the three
years before and after the famine in these provinces. The CSSI
values of 27 provinces were listed in Table 1.

2.4.3. Control variables
Control variables in this study included gender (male and

female), ethnicity (Han and others), marital status (married and
unmarried), education (illiterate, primary school, junior high
school, and senior high school and above), and annual family
income per capita (in tertiles).
oi.org/10.1016/j.eurpsy.2018.01.003 Published online by Cambridge University Press
2.5. Analytic approach

The famine effect on adulthood schizophrenia was estimated
by DID models, which examined the regional variation of famine
exposure across birth cohorts. The idea behind this approach is
that we can use birth years to identify whether an individual was
prenatally exposed during the famine. We can also rely on the
famine severity across regions to identify the variation of famine
exposure in the same birth cohorts. The detailed rationale of
using this method to identify the famine effect was explained
elsewhere [17], and broadly employed in Chinese famine studies
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[18,33,36,37]. Logit regression models with DID estimators were
fitted as the following:

Yijk ¼ B0 þ dCSSIj þ ’kCohortk þ
X3

k¼1

bk CSSIr � Cohortkð Þ þ VXijk

Where Yijk is the risk of schizophrenia for individual i, born in
province j and year k (k = 1 refers to pre-famine cohorts born in
1956–1958, k = 2 refers to famine cohorts born in 1959–1962, k = 3
refers to post-famine cohorts born in 1963–1964, and the reference
group refers to the unexposed 1965 cohort), CSSIj is the cohort size
shrinkage index of province j, ’k represents the cohort fixed effect,
Xijkdenotes a vector of control variables, including gender, ethnicity,
marital status, residence, education, as well as family income, and V
is the scalar that contains corresponding coefficients of covariates.
Standard errors are clustered at the province level to deal with
potential heteroscedasticity and serial correlation problems [38].

The interaction coefficient between the CSSI and the birth
cohort dummy variables, namely bk, evaluates the effect of
prenatal exposure to famine on schizophrenia in DID models.
The estimation methods that used the interaction term in non-
linear DID models were shown elsewhere [39,40] .To estimate the
average effect across provinces, we multiplied the interaction
coefficients by 0.36, the mean of CSSI in all provinces.

Due to different famine severity between urban and rural area,
following previous studies [21,33,37], we performed statistical
analyses in rural and urban subsamples, separately. A p-value of
less than 0.05 was considered statistically significant. The software
Stata version 12 for Windows (Stata Corp, College Station, TX, USA)
was used for the statistical analysis.

3. Results

Table 2 reports the characteristics of participants born during
1956–1965. In the rural sample, among 239,055 adults, 0.45% had
schizophrenia, 50.13% were male, 89.34% were Han ethnicity,
94.85% were married, 38.02% had education of junior high school,
and 42.98% lived in low-income families. In the urban sample,
among 148,038 adults, 0.42% had schizophrenia, 50.37% were male,
Table 2
Characteristics of study participants, by rural and urban residence.

Characteristics Rural sample
(N = 239,055)

Urban sample
(N = 148,038)

Schizophrenia (%) 0.47 0.42

Sex (%)
Male 50.13 50.37
Female 49.87 49.63

Ethnicity (%)
Han 89.34 93.99
Minority 10.66 6.01

Marital status (%)
Unmarried 5.15 6.44
Married 94.85 93.56

Education (%)
Illiterate 14.86 3.10
Primary school 34.45 11.69
Junior high school 38.02 34.62
Senior high school and
above

12.07 50.59

Income (%)
First tertile (lowest) 42.98 13.75
Second tertile 34.23 28.04
Third tertile (highest) 22.79 58.21

rg/10.1016/j.eurpsy.2018.01.003 Published online by Cambridge University Press
93.99% were Han ethnicity, 93.56% were married, 50.59% had
education of senior high school and above, and 58.21% lived in
high-income families.

Table 3 shows the odds ratios of famine exposure and risk of
schizophrenia in the rural population. Famine cohorts (1959–1962)
had higher odds (OR: 1.84; 95% CI: 1.13, 3.00; P = 0.014) of
schizophrenia compared with the reference cohort of 1965. After
adjusting for multiple covariates, this association remained
significant (OR: 1.82; 95% CI: 1.11, 2.98; P = 0.018). We did not
find statistically significant associations of pre-famine (1956–
1958) and post-famine cohorts (1963–1964) with odds of
schizophrenia, compared with the reference cohort of 1965, in
the unadjusted and adjusted models, respectively.

Table 4 presents the odds ratios of famine exposure and risk of
schizophrenia in the urban population. We did not observe
statistically significant differences in odds of schizophrenia among
famine cohorts (1959–1962), pre-famine cohorts (1956–1958), and
post-famine cohorts (1963–1964), compared with the reference
cohort of 1965, in the unadjusted and adjusted models, respectively.

4. Discussion

Fetal origins hypothesis, popularized by David Barker [19,20],
conjectures that in utero exposure to malnutrition, combined with
the interaction between environmental factors and epigenome,
has a profound impact on adult disease [41]. Using the Chinese
famine of 1959–1961 as a natural experiment, we investigated
whether prenatal exposure to malnutrition would predict risk of
adulthood schizophrenia in individuals born from 1956 to 1965,
and tested the hypotheses that the famine effects in the rural and
urban population. We found a significant association of prenatal
exposure to famine with elevated odds of adulthood schizophrenia
in the rural population, not in the urban population, after multiple
sociodemographic covariates were taken into considerations.

Our findings of increased risk of schizophrenia after famine
exposure in utero were similar to those of previous studies in the
Dutch and Chinese famines. The two famines are highly
exceptional and meet the criteria for studying prenatal exposure
and adulthood mental disorders [6]. Earlies Dutch studies
suggested approximately two-fold odds of schizophrenia among
the famine exposed population compared with the unexposed
population [7,8]. Although the difference of two famines in
duration and affected population does not allow for direct
comparison, the concordant results complement each other and
show particularly powerful association of prenatal famine with
subsequent schizophrenia from different contexts [6]. In addition,
previous studies in two provinces of China replicated the Dutch
studies based on the hospital patient records and found the famine
cohorts were about twice more likely to have schizophrenia than
the unexposed cohorts [12,13]. We further verified the conclusion
that prenatal famine exposure was associated with increased odds
of schizophrenia in adulthood from a nationally representative,
population-based study.

The associations on famine exposure found in this study
indicate that prenatal malnutrition has a long-term negative effect
on risk of schizophrenia in adulthood. Schizophrenia is increas-
ingly considered as a neurodevelopmental disorder that likely
derives from the disruption of brain development caused by the
environmental and genetic factors [42]. Malnutrition is associated
with elevated risk of schizophrenia through adversely affecting the
fetal brain development [12]. This developmental mechanism in
the pathogenesis of schizophrenia, initially proposed by Daniel
Weinberger [43] and subsequently supported by others [44], states
that early-life brain impairment leads to a series of inverse events
that occur across childhood and adolescence, such as the reduction
of synaptic density, and to change the developmental trajectory
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Table 3
Prenatal famine exposure and risk of schizophrenia in adulthood, by famine cohort (Rural sample, N = 239,055).

Group Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Pre-famine cohorts (1956–1958) 1.42 (0.93, 2.18) 0.104 1.37 (0.86, 2.18) 0.192
Famine cohorts (1959–1962) 1.84 (1.13, 3.00) 0.014* 1.82 (1.11, 2.98) 0.018*

Post-famine cohorts (1963–1964) 1.41 (0.90, 2.20) 0.132 1.41 (0.89, 2.24) 0.141
Reference cohort (1965) 1.00 1.00

OR: odds ratio; CI: confidence interval. Adjusted OR: odds ratio estimated from models controlling for gender, ethnicity, marital status, education, and family income.
* P < 0.05.

Table 4
Prenatal famine exposure and risk of schizophrenia in adulthood, by famine cohort (Urban sample, N = 148,038).

Group Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Pre-famine cohorts (1956–1958) 1.35 (0.62, 2.93) 0.449 1.31 (0.60, 2.89) 0.498
Famine cohorts (1959–1962) 1.07 (0.68, 1.68) 0.758 1.10 (0.68, 1.78) 0.695
Post-famine cohorts (1963–1964) 1.18 (0.75, 1.85) 0.471 1.23 (0.79, 1.92) 0.355
Reference cohort (1965) 1.00 1.00

OR: odds ratio; CI: confidence interval. Adjusted OR: odds ratio estimated from models controlling for gender, ethnicity, marital status, education, and family income.
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that ultimately causes the onset of schizophrenia in adulthood
[45]. Although nutritional deficiencies were the most possible
explanation, other mechanisms, theoretically, remain possible. For
example, the psychogenic impact of famine exposure, although
indirectly associated with nutritional stress [13], and selective
ability to conceive under famine conditions [5], cannot be entirely
ruled out.

The long-term association between prenatal famine exposure
and risk of adult schizophrenia observed in this study only occurred
in the rural population, not in the urban population. Our findings are
consistent with prior research in China [13]. One of common
explorations is that famine severity was much greater in rural China
[37]. As established in this study, compared with pre-famine and
post-famine birth cohorts, the reduced number of famine cohorts
was much larger in the rural area than that in the urban area. The
urban-rural famine disparity is likely due to the passport registration
system, namely “Hukou” in China, as well as the grain procurement
system from the rural population at that time [46]. The strict
registration system of Hukou was launched in 1951, and furtherly
reinforced by the end of 1950s. Chinese residents, regulated by the
Hukou system, were prohibited from free migration, especially from
rural to urban areas [47]. Moreover, despite a huge shrinkage of food
production during the famine period, rural families were even forced
to turn in larger amount of grain, and consequently, more severe
starvation occurred in the rural population. By contrast, urban
population had the legal rights to receive certain amount of food
from state grain store during the famine, and thus experienced a
relatively smaller impact of the famine [13].

This study has several limitations. First, selective mortality
caused by famine may have the potential threat to our findings.
Those who were more severely affected by the famine were more
likely to die during the famine, and the famine survivors with more
serious schizophrenia were also more likely to die after the famine.
Due to lack of schizophrenia-associated mortality data, we were
unable to correct the underlying bias, but like other famine studies,
this would likely underestimate rather than overestimate the
famine effect. Second, population migration may impact our
estimates. We used current living place as birth place at the
province level, which may lead to imprecise identification of
famine severity across provinces. On the one hand, the Hukou
system greatly restricted population migration in China, especially
from rural to urban areas [48]. During the famine period,
interprovincial migration accounted for less than 1% of the total
population [17]. On the other hand, in recent years, starting well
oi.org/10.1016/j.eurpsy.2018.01.003 Published online by Cambridge University Press
before this survey, there has been massive migration from rural to
urban areas, which would probably lead to an underestimate of the
association between prenatal famine and schizophrenia. Third,
compared with the Dutch famine with high-quality birth and
caloric intake statistics across the life course, we acknowledged
limitations in the measurement of the Chinese famine severity. Up
to now, however, the CSSI used in this study is a reasonable
measure to assess the Chinese famine intensity within the scope of
available data. Fourth, the breadth of the exposure measure
combined a 4-year (1959–1962) measure of CSSI at the provincial
level. Thus, it is not possible to make any precise statements about
timing of exposure, other than that the respondent's province
suffered from more or less severe famine during the period of
gestation. From this perspective, the measure of famine exposure is
somewhat crude. This is compensated, however, by the use of a
method that is now standardized and accepted. Finally, we had no
specific data on the reliability of diagnosis following the guidelines
of ICD-10 criteria even though we know the psychiatrists’ training
and diagnostic process of schizophrenia. Despite the limitations,
the study design was strongly enhanced by the medical
ascertainment of schizophrenia by psychiatrists according to the
ICD-10, access to multiple sociodemographic factors, and consid-
ering famine intensity across regions from a nationally represen-
tative, population-based survey with large sample size.

5. Conclusions

Our study supports the view that prenatal malnutrition
exposure has a detrimental impact on risk of schizophrenia in
adulthood in the rural population, not in the urban population.
Further studies were needed to investigate corresponding
mechanisms on this topic. This study implies that Chinese
governments need to establish corresponding policies or programs
to intervene the rural adults who were prenatally exposed to the
Chinese famine.
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