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Abstract

Purpose This study aimed to examine the long-term effect of prenatal exposure to the Sino-Japanese War during 1937-1945
on risk of schizophrenia in adulthood among Chinese wartime survivors.

Methods We obtained data from the Second National Sample Survey on Disability conducted in 31 provinces in 2006. We
restricted our analysis to 369,469 adults born between 1931 and 1950. Schizophrenia was ascertained by psychiatrists based
on the International Statistical Classification of Diseases 10th Revision. War intensity was assessed by the ratio of war-
caused civilian casualties to the pre-war population. The effect of prenatal exposure to war on schizophrenia was estimated
by difference-in-difference models, established by examining the variation of war across birth cohorts.

Results In the male population, war cohorts of 1937-1946 had no significant higher odds of schizophrenia compared with
the pre-war cohorts of 1931-1936. In the female population, war cohorts were 1.16 (95% CI 1.01, 1.33) times more likely
than pre-war cohorts to have schizophrenia. Sensitive analyses show that our estimates of war effect on schizophrenia were
robust and valid.

Conclusions Prenatal exposure to the Sino-Japanese War of 1937-1945 had long-run detrimental effect on risk of schizo-
phrenia in the female adults. Further investigations are warranted to extend the enduring wartime impact on other health
outcomes in China.
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Introduction

War has a profound and detrimental impact on health and
well-being of both combatants and noncombatants [1], and
has been identified as a severe public health problem around
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the world [2]. Over the twentieth century, approximately
191 million people died in battle and a growing number of
war-associated deaths emerged in noncombatant civilians
[3], showing that two-thirds of deaths were among civil-
ians during the Second World War [4]. In the first decade
of the twenty-first century, civilians in nearly one-third of
the world’s developing countries have suffered from war or
violence, and, particularly, early-life and childhood devel-
opment is more vulnerable to being affected by wartime
traumatic events and is hard to be reversed in adulthood [5].

The Sino-Japanese War, lasting for 8 years from 1937
to 1945, occupies a prominent position in the chapter of
protracted war in the world military history [6], causing
enormous and tragic damage to China in terms of fatalities,
injuries and traumas of militants and civilians [7]. Despite
debates on the total Chinese casualties during the Japa-
nese invasion, official estimates showed that approximately
20 million combatants and civilians died directly as a result
of the war [8]. Up to now, more importantly, over 70 years
after the end of the war, the long-term negative impact of the
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war is still lingering not only among wartime survivors, but
also among those who did not witness the war [9]. Despite
these long-term negative effects, only a few studies have
examined the long-term consequences of the Sino-Japanese
War on health outcomes in later life.

Regardless of war’s apparently immediate damage to
humans, previous studies have not fully considered its long-
term consequences, especially in the form of psychiatric dis-
orders during the past decades [3]. In addition, there have
been a limited number of studies on this topic which have
not reached a consensus. On the one hand, two studies found
a significant association between prenatal exposure to war-
time and later-life risk of schizophrenia in the Germany’s
invasion of the Netherlands and the Second World War
genocide [10, 11]. On the other hand, research on atomic
bomb in Nagasaki City of Japan and the Yom Kippur War
in Israel failed to identify such a link [12, 13]. The inconsist-
ent findings may be related to sample size, study design and
cultural differences.

In this study, using large-scale and nationally representa-
tive data from a population-based survey, we attempted to
investigate the long-term effect of the Sino-Japanese War
of 1937-1945 on the risk of schizophrenia among wartime
survivors at ages of 60 years and above. An examination of
this issue can fill the gaps in China, and contribute to world
literature in a poor nation with eastern context.

Background of the Sino-Japanese War of 1937-1945

The Sino-Japanese War of 1937-1945 began with the Marco
Polo Bridge incident of July 7, 1937. Afterward, the con-
flict escalated, and by 1941, Japan had occupied a majority
of lands in northern and coastal China. It ended with the
unconditional surrender of Japan on September 2, 1945 to
the United Nations allies of the Second World War [6].
The prolonged Sino-Japanese War resulted in unprec-
edented casualties and property losses in China. The offi-
cial statistics estimated that the war caused roughly 20 mil-
lion Chinese soldier and civilian death and 15 million to
be wounded from 1937 to 1945 [7]. Also, the war inflicted
heavy losses on the Chinese economy; it was estimated that
China’s property losses by the war were about US$383 bil-
lion on the basis of the currency exchange rate of July 1937,
approximately 50 times Japan’s GDP at that time [14].

Methods
Study population
In addition to wartime data, we obtained data from the

Second National Sample Survey on Disability imple-
mented in 31 provinces in 2006. The aim of the survey was
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to investigate the prevalence, causes, and severity of dis-
abilities, 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
all 31 provinces of Mainland China. The four levels of sam-
pling frame were county (district), town (street), and village
(community). The sampling frame was initially based on
population, household, disability, registration, and economic
data of counties, which was collected by the provincial sur-
vey office using the most up-to-date population and address
information from the Ministry of Civil Affairs and Public
Security. The sample size at each level equaled the propor-
tion of the population in that level to that of the province
[15]. A total of 734 counties (districts), 2980 towns (streets),
and 5964 communities (villages) were selected for the sur-
vey [16]. The sample size was 252,6145, accounting for 1.9
per 1000 inhabitants of China [17].

Fetal origins hypothesis, popularized by David Barker
[18, 19], argues that disruptions to the prenatal environment,
interactive with the epigenome, have a profound impact on
adult disease. Furthermore, the hypothesis underlines pre-
natal exposure, rather than postnatal conditions, as a health
determinant in early life [20]. From this perspective, this
study focused on the prenatal war effect on schizophrenia
in adulthood, although the cohort of the Sino-Japanese War
was in fact exposed from conception until childhood.

We defined prenatal exposure as maternal exposure to
wartime during the roughly 300 days from the peri-concep-
tion to delivery [21]. Considering great difference in social
context between the “Old China” ruled by Kuomintang
before 1949 October and the “New China” governed by the
Chinese Communist Party after October 1949, we restricted
our analysis to 1931-1950 birth cohorts. As a result, we
defined adults who were prenatally exposed to the Sino-Jap-
anese War (born in 1937-1946) as war cohorts, and those
who were not prenatally exposed as pre-war cohorts (born
in 1931-1936) and post-war cohorts (born in 1947-1950).
In addition, the three northeastern provinces, including Hei-
longjiang, Jilin and Liaoning, were occupied by the Japanese
much earlier (in 1931) than the rest of China (in 1937), and
therefore the influence of the 1937-1945 war on the three
provinces probably differed from that of the other areas of
China. Hence, we excluded these three regions, yielding a
sample of 28 provinces for analysis. In total, we selected a
subsample of 369 469 adults born between 1931 and 1950,
at ages of 60 to 75 years during the survey time.

Ethical 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
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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.

Measures
Ascertainment of schizophrenia

Individuals with schizophrenia were ascertained by the
combination of self-reports or family members’ reports
and on-site medical diagnosis by psychiatrists in the Sec-
ond National Sample Survey on Disability according to
the WHO International Classification of Functioning, Dis-
ability, and Health (WHO-ICF) [22].

First, interviewers, who were recruited from local pri-
mary care institutions and trained by the provincial expert
teams in the methods of survey and screening, went to
the households to screen adults with psychiatric disability
using a questionnaire. The questionnaire was developed
according to the ‘Guidelines and Principles for the Devel-
opment of Disability Statistics’ [23] and had been shown
very good validity [24]. The screening questions included
whether any of the family members has the following
problems: (1) poor memory (forgetful); (2) difficulty in
concentration (his/her mind often wanders); (3) difficulty
controlling their emotions (moody, too joyful or too joy-
less); (4) strange language and/or weird behavior that
could not be understood or accepted by a normal person;
and (5) fasting drinking (for at least five times per week) or
hypnotic drug overdose [25]. If any of the screening ques-
tions was positively responded, the identified individual
was labeled as likely to have psychiatric disability.

Afterward, psychiatrists with five or more years of clin-
ical experience assessed the possible patients with psychi-
atric disability according to the guidelines of WHO-ICF.
World Health Organization Disability Assessment Sched-
ule, Version II (WHO DAS II) was used to evaluate social
function limitations. Individuals receiving a score of 52 or
above were defined as having psychiatric disability [26].
The WHO DAS II had been verified for good validity [27].

Finally, those who were identified as being psychiatri-
cally disabled were subsequently assigned to diagnosis for
schizophrenia by psychiatrists. The International Statis-
tical Classification of Diseases 10th Revision (ICD-10)
symptom checklist for mental disorders was administered
to diagnose schizophrenia [26]. The ICD-10 diagnostic
criteria had been employed in the ascertainment of schizo-
phrenia among Chinese people and presented good validity
in China [28].

War intensity

War intensity showed considerable variations across
regions, although the Sino-Japanese War influenced most
regions in China during 1937-1945. We used civilian
casualties, measured by the ratio of civilian casualties to
pre-war population at province level in 1936, as a proxy of
wartime intensity. Civilian casualties have been verified to
be a valid indicator in capturing war damage and particu-
larly powerful in the war-caused psychiatric consequences
[7]. The data of civilian casualties were derived from the
book “A History of the Investigation of China’s Losses
during World War II”’[29], and the population data prior
to the war were obtained from China Statistics Yearbook.

Table S1 shows that the central corridor regions, includ-
ing Henan, Jiangxi, Hunan, Hubei, Shanxi and Guangxi,
were more heavily influenced by the war. By contrast,
remote areas, such as Hainan, Qinghai, Tibet, Xinjiang,
Gansu, Shaanxi and Sichuan, suffered from less severe
casualty. This is likely due to the military strategies of the
Japanese army to establish a supply line for its war in the
Pacific Ocean, also known as “Operation Ichi-Go” [7].
The large geographical variation in casualties, combined
with disparities in the risk of schizophrenia across cohorts,
offers a unique opportunity to identify the causal effect of
the Sino-Japanese War.

Statistical analyses

We used difference-in-difference (DID) models, estab-
lished by examining the variations of war exposure across
birth cohorts, to estimate the prenatal impact of war on
risk of adult schizophrenia. The idea of this approach is
that we used birth cohort to identify whether an individual
was exposed to war in utero. We also relied on war inten-
sity across provinces to identify the variation of war expo-
sure in the same birth cohorts. This identification strategy
has been verified to have good validity and widely used
elsewhere [20, 30]. Logit regression models with the DID
estimators were fitted as follows:

3
Y = By + 6CC; + gy cohort; + Z B (CC, X cohort, ),
k=1

where Y;is a binary outcome variable, referring to risk of
schizophrenia for the individual i, born in province j and
year k, CCj is the ratio of war-caused civilian casualties
during 1937-1945 to the population of 1936 in province j,
and @, represents the cohort fixed effect. Standard errors are
clustered at the province level to deal with potential hetero-
scedasticity and serial correlation problems [31].
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The coefficient of the interaction between the percentage
of civilian casualties and birth cohort dummies, namely S,
evaluates the impact of prenatal exposure to war on schizo-
phrenia in adulthood in the DID models. The rationale and
validity of the interaction term in the non-linear DID models
have been presented elsewhere [32] and have also been used
in prior research [33]. To estimate the average effect across
provinces, we multiplied the interaction coefficient by 1.65,
the mean of the percentage of civilian casualties caused by
war in all 28 provinces.

In the DID models, control variables need to be exog-
enous and cannot be affected by the treatment (severity of
war exposure, in this case). However, many of the control
variables are, in fact, potentially affected by the treatment.
For example, any health conditions that affected war survi-
vors in the war cohorts would affect their ability to succeed
in the marriage market, their educational outcomes, and their
job market outcomes. Studies have argued that these control
variables are endogenous [34]. If the control variables are
endogenous, then the coefficient estimators are inconsist-
ent. Therefore, we did not include any endogenous control
variables in the DID models to obtain consistent estimates
of war effect on schizophrenia.

The validity of DID estimation relies on the presence of
parallel trends in risk of schizophrenia between the exposed
and the control cohorts in regions with varying intensity
of war destruction [35]. To test the validity of DID estima-
tion, we applied the same DID strategy using a sample of
individuals who were not born when the 1937-1945 Sino-
Japanese War began and found if there was evidence of dif-
ferential trends.

In addition, we performed a falsification test to validate
our findings on the prenatal war effect on risk of schizophre-
nia. One potential complication factor for our estimation is
that people who were prenatally exposed to the 1937-1945
Sino-Japanese War also experienced the 1959—1961 Chinese
famine during adolescence and early adulthood. To check if
the observed effect of prenatal exposure to war on schizo-
phrenia is influenced by such non-war events, we employed
the DID estimation on the effect of famine exposure during
adolescence and early adulthood on schizophrenia. We used
the cohort size shrinkage index (CSSI) [36, 37], measured by
comparing the size of the famine cohorts relative to the sur-
rounding non-famine cohorts in the population, as a proxy
of famine severity. The details of CSSI and its validity have
been shown elsewhere [38, 39].

Considering potential sex difference in the war effect
on health outcomes [20], we performed regression analy-
ses with male and female subsamples following previous
research [40]. We used an interaction term between years of
exposure to the war and war intensity to test whether expo-
sure time to war influenced the risk of schizophrenia among
war cohorts. A p value of less than 0.05 was considered
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statistically significant. The software Stata version 13.0 for
Windows (Stata Corp, College Station, TX, USA) was used
for statistical analyses.

Results

Table 1 shows the characteristics of participants born during
1931-1950 by birth cohorts. Overall, of the 369 469 individ-
uals, 49.62% were female and 0.45% had schizophrenia. The
proportion of females was stable among war cohorts born in
1937-1946, representing about a half of the total population.

Table 2 presents the estimated effect of prenatal expo-
sure to the Sino-Japanese War on schizophrenia with male
and female subsamples. In the male group, there was no
significant difference in the odds of schizophrenia between
war cohorts (born in 1937-1946) and pre-war cohorts (born
in 1931-1936). In the female group, war cohorts were 1.16
(95% CI 1.01, 1.33) times more likely than pre-war cohorts
to have schizophrenia.

Table 3 presents the validity test of the DID estimation
for the impact of war on risk of schizophrenia. The results
of war effect rely on the parallel trend assumption: that is,
in the absence of the Sino-Japanese War of 1937-1945, the
rates of schizophrenia between the exposed and unexposed
cohorts would have had no significant differences across
provinces with varying war intensity. Using the pre-war
cohort as the reference group, the prenatally unaffected
cohorts of 1947-1950 did not show significantly higher rates
of schizophrenia in both male and female population.

Table 4 illustrates the falsification test of the DID esti-
mation for the effect of prenatal exposure to war on risk
of schizophrenia. The estimation of war effect depends on
whether it is influenced by other exposure events including
the Chinese famine. Using CSSI as a measurement of famine
severity and a similar DID strategy, we found that the prena-
tal war effect on schizophrenia is not influenced by the event
of the 1959-1961 Chinese famine. We also observed that the
interaction between years of war exposure and war intensity
was not statistically significant among male and female war
cohorts, indicating that exposure time to war did not affect
the risk of schizophrenia (Table S2).

Discussion

War not only has direct immediate effects on fatalities,
injuries and property losses, but also has indirect long-
term effects on the health and well-being of the succeeding
generations [1]. People who were prenatally exposed to the
Sino-Japanese War of 1937-1945 were entering or had been
in their older adulthood by the survey time. In this study, we
investigated the long-term effect of prenatal exposure to the
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Table 1 Characteristics of
sample, by birth cohorts

Table 2 Estimated effect of
prenatal exposure to the Sino-
Japanese War on schizophrenia,
based on logit regression

with difference-in-difference
estimator, by gender

Table 3 The validity test for
the DID estimation of prenatal
exposure to the Sino-Japanese
War on risk of schizophrenia,
by gender

Table 4 Falsification test for
the estimated effect of prenatal
exposure to the Sino-Japanese
War on schizophrenia, by
gender

Birth cohorts Year Sample size, n Female, % Prevalence of
schizophrenia,
%
Pre-war cohorts (1931-1936) 1931 10,935 51.74 0.40
1932 12,137 51.63 0.31
1933 15,054 50.73 0.28
1934 13,827 52.14 0.28
1935 14,929 51.45 0.38
1936 16,156 49.98 0.48
War cohorts (1937-1946) 1937 15,904 49.36 0.37
1938 16,937 49.67 0.30
1939 15,205 4991 0.32
1940 17,067 49.05 0.46
1941 17,838 48.96 0.42
1942 18,004 49.13 0.51
1943 17,823 48.99 0.43
1944 19,758 48.31 0.48
1945 20,211 49.68 0.45
1946 22,859 49.49 0.55
Post-war cohorts (1947-1950) 1947 24,224 48.49 0.47
1948 24,264 49.64 0.57
1949 28,873 48.41 0.51
1950 27,464 49.54 0.58
All cohorts 1931-1950 369,469 49.62 0.45

Birth cohorts

Male (n=132,686)

Female (n=131,958)

OR (95% CI) P value OR (95% CI) P value
War cohorts (1937-1946) 0.92 (0.78, 1.10) 0.361 1.16 (1.01, 1.33) 0.032*
Pre-war cohorts (1931-1936) 1.00 1.00
OR odds ratio, CI confidence interval
*P<0.05
Birth cohorts Male (n=93,964) Female (n=93,899)

OR (95% CI) P value OR (95% CI) P value
Post-war cohorts (1947-1950) 0.89 (0.69, 1.15) 0.384 1.09 (0.91, 1.31) 0.351
Pre-war cohorts (1931-1936) 1.00 1.00
OR odds ratio, CI confidence interval
Birth cohorts Male (n=123911) Female (n=123,392)

OR (95% CI) P value OR (95% CI) P value
War cohorts (1937-1946) 0.82 (0.55, 1.23) 0.345 1.22 (0.76, 1.95) 0.418

Pre-war cohorts (1931-1936)

1.00

1.00

OR odds ratio, CI confidence interval
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Sino-Japanese War on the risk of schizophrenia in adult-
hood. Such a life-course perspective was of great importance
to capture the enduring psychological trauma of the Japanese
invasion of China, and to grasp the ways that war affected
older adults’ well-being, burden of disease, as well as pub-
lic health systems in post-war developing nations [41]. To
our knowledge, this is the first population-based study to
examine the long-term war effect on schizophrenia among
Chinese adults.

The results showed that, compared with the unexposed
cohort, the war-exposed cohorts in utero were at signifi-
cantly greater risk of schizophrenia. The test of parallel
trend assumption of DID estimation suggested our finding
of the detrimental effect of war on the risk of schizophrenia
was valid. The falsification test indicated that the long-term
effect of prenatal exposure to war on schizophrenia found
in this study was not influenced by the Chinese famine of
1959-1961. This finding, using the enduring Sino-Japanese
War of 1937-1945 as a natural experiment, verified the fetal
origins hypothesis, which was first developed by Barker
in the 1990s [18]. In addition, due to higher mortality in
schizophrenia in all age groups [42], the life expectancy of
schizophrenia patients is approximately 20 years lower than
that of the general population [43]. The identified cohort
was quite old at the time of survey, aged 60—75 years. Given
the facts, the war effect on the likelihood of schizophrenia
may be influenced by sex difference in survival rate if the
mortality rate of women was different from that of men.
Furthermore, the overall prevalence of schizophrenia was
relatively lower than that in other studies. This is likely due
to two reasons. First, the schizophrenics in our data were
relatively severe cases who had been affected by psychiatric
symptoms for at least 1 year. The mild cases with minimum
function limitation have been excluded from the prevalence
pool [25]. Second, our study firstly screened for psychiatric
disability and only those adults suspected of being disabled
could be examined and diagnosed for schizophrenia, which
means non-disabled adults with schizophrenia could have
been excluded in our survey.

The negative effect of war on schizophrenia in adulthood
observed in this study provided new insights into this topic.
When comparing our result with previous studies, the first
factor that must be considered is the sample representative-
ness and study design. From this point of view, the most
comparable estimates should be population based. For exam-
ple, one large-scale and population-based study regarding
the Holocaust of European Jews found that people who were
directly exposed to the genocide in early life were at sta-
tistically greater risk (hazard ratio=1.27) of schizophrenia
ascertained by ICD-10 than those in the indirect group [11].
On the other hand, several studies with respect to the 4-day
war in the Netherlands, 6-day war in Israel, and the atomic
bomb in Nagasaki City of Japan did not draw a conclusion

@ Springer

on the early-life effect of war on schizophrenia in later life
[10, 12, 13]. As far as we know, there are several reasons that
may contribute to different results of war effect. Apart from
the study design and sample size, culture and social context
may be related to the war effect on schizophrenia. In addi-
tion, the prolonged war exposure to stress is as well a pos-
sible explanation to the varying war effect on adult disease.

The potential pathways for a link between prenatal war
exposure and adult schizophrenia may include violence,
infection, malnutrition, as well as destruction of economy
and infrastructure [1, 44]. Violence is ubiquitous during war,
and an increasing number of civilians, especially women,
were affected by war [45]. Studies have found that mater-
nal exposure to physical violence during war was associ-
ated with elevated premature birth, perinatal morbidity and
congenital malformations [46, 47]. In addition, war may
cause the outbreak of infectious diseases, such as chol-
era, typhoid, acute gastroenteritis, malaria, polio, etc. [1].
Congenital infections have an impact on cognitive impair-
ment, and thus may be connected with future mental health
[48]. Furthermore, malnutrition is common in conflicts [1].
Studies repeatedly found that prenatal malnutrition, using
the Chinese or Dutch famine as a proxy, is associated with
increased schizophrenia in adulthood [28, 49-51]. Finally,
the destruction of economy, infrastructure and health sys-
tems [3] affects mental health in humans during war [44].
War-induced parental psychiatric stress is negatively cor-
related with the offspring’s mental health as a result of epi-
genetic changes in the hypothalamic—pituitary—adrenal axis
[52].

The current study is subject to a few limitations. First,
the retrospective survey in collecting information of war
exposure and influence might affect the validity by recall
errors, although data of war-caused civilian casualties have
been repeatedly verified. Identification of the cohort was by
household screening. This method misses out on those peo-
ple who are in hospitals, nursing homes, hostels and prisons.
Therefore, we need to be cautious in interpreting our results.
Second, since the Sino-Japanese War of 1937-1945 caused
the death of more than 30 million Chinese people, selective
mortality was plausible. Given that people with schizophre-
nia die at a much younger age than the general population,
our identified cohort aged 60-75 years may be subject to
survival bias. In the absence of schizophrenia-associated
mortality data, we were unable to correct the potential bias,
but this would likely underestimate rather than overestimate
the effect of war because those with serious mental condi-
tions were more likely to die prior to the survey. Third, we
identified individuals’ regional information based on their
current address at province level, and therefore population
migration may affect our study. China’s strict Hukou (pass-
port) system, which was established in the 1950s, restricted
population migration [53], and interprovincial migration
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accounted for less than 1% of the total population before
the 1960s [54]. Fourth, due to a lack of vital statistics during
war, we did not know the exact time of maternal pregnancy,
which may influence the risk of schizophrenia [11]. Alter-
natively, learning from Chinese famine studies [21, 54], we
used birth cohorts to identify war exposure from the ecologi-
cal perspective. Finally, the measure for war intensity was
based on province-level civilian casualties. Since sampling
went down to the village level, village-level civilian casual-
ties may have been a more accurate exposure. However, due
to data restrictions of the 1937-1945 Sino-Japanese War,
we failed to give estimates by using more accurate data of
war intensity.

Several strengths of this study, to some extent, balance its
limitations. First and foremost, our study was a pioneer in
examining the long-term impact of the prolonged Japanese
invasion of China on the risk of schizophrenia in late adult-
hood even after the war had ended over seven decades ago.
This added new evidence not only to existing studies on war-
time influence from the life-course perspective, but also to
the cost evaluation on the profound damages of war. In addi-
tion, the study design was strongly enhanced by the medical
ascertainment of schizophrenia by psychiatrists according to
the ICD-10 criteria, and considering the wartime intensity
across regions from a nationally representative, population-
based survey with large sample size. Furthermore, we found
that the effect of prenatal exposure to war on the risk of
schizophrenia in late adulthood was sex specific, only occur-
ring in the female population. This extends the previous
studies regarding the war effect on schizophrenia.

Conclusion

Our results suggest that prenatal exposure to the Sino-Japa-
nese War of 1937-1945 had a long-run detrimental effect on
the risk of schizophrenia in adulthood. Given the biological
plausibility of assumed pathways and relatively consistent
result with prior research on this issue, further investigations
are warranted to extend the enduring wartime impact on
other health outcomes in China. Chinese governments need
to establish corresponding policies or programs for interven-
tion in older adults who were exposed to the war.

Acknowledgements The authors thank the provincial and municipal
federations of disabled people for their support in data collection and
management. The work was supported by Peking University’s Start-up
Fund (No. BMU2018YJ004), the Key National Project (973) of Study
on the Mechanisms of Interaction between Environment and Genetics
of Birth Defects in China (Grant No. 2007CB5119001), the Key State
funds for social science project (Research on Disability Prevention
Measurement in China, Grant No. 09&ZD072), and the State Scholar-
ship Fund (Grant No. 201606010254).

Compliance with ethical standards

Conflict of interest The authors declare that they have no potential
conflict of interest.

References

1. Levy BS, Sidel VW (2007) War and public health. Oxford Uni-
versity Press, Oxford
2. Murray CJ, King G, Lopez AD, Tomijima N, Krug EG
(2002) Armed conflict as a public health problem. BMJ
324(7333):346-349
3. Levy BS, Sidel VW (2009) Health effects of combat: a life-course
perspective. Ann Rev Public Health 30(30):123-136. https://doi.
org/10.1146/annurev.publhealth.031308.100147
4. Ahlstram C (1991) Casualties of conflict: report for the protection
of victims of war. Department of Peace and Conflict, Uppsala
University, Uppsala 84(3):622-623
5. Minoiu C, Shemyakina ON (2014) Armed conflict, household
victimization, and child health in Cote d’Ivoire. J Dev Econ
108(5):237-255
6. Peattie MR, Drea EJ, Van de Ven HJ (2011) The battle for China:
essays on the military history of the Sino-Japanese War of 1937—
1945. Stanford University Press, Stanford
7. Che Y, DuJ, Lu Y, Tao Z (2015) Once an enemy, forever an
enemy? The long-run impact of the Japanese invasion of
China from 1937 to 1945 on trade and investment. J Int Econ
96(1):182-198
8. Hu S (1991) Seven decades of the Chinese Communist Party.
Chinese Communist Party History Publishing House, Beijing
9. Li Z (2015) Introduction of the series of investigations on the
human casualties and property losses in China during the Sino-
Japanese War. CPC Hist Stud 28(1):5-12
10. van OsJ, Selten JP (1998) Prenatal exposure to maternal stress and
subsequent schizophrenia. The May 1940 invasion of The Neth-
erlands. BrJ Psychiatry 172(4):324-326. https://doi.org/10.1192/
bjp.172.4.324
11. Levine SZ, Levav I, Goldberg Y, Pugachova I, Becher Y, Yoffe
R (2016) Exposure to genocide and the risk of schizophrenia: a
population-based study. Psychol Med 46(4):855-863. https://doi.
org/10.1017/s0033291715002354
12. Selten J-P, Cantor-Graae E, Nahon D, Levav I, Aleman A, Kahn
RS (2003) No relationship between risk of schizophrenia and pre-
natal exposure to stress during the Six-Day War or Yom Kippur
War in Israel. Schizophr Res 63(1):131-135
13. Imamura Y, Nakane Y, Ohta Y, Kondo H (1999) Lifetime preva-
lence of schizophrenia among individuals prenatally exposed to
atomic bomb radiation in Nagasaki City. Acta Psychiatr Scand
100(5):344-349
14. He Y (1979) Who actually fought the Sino-Japanese War, 1937-
45?7 Lee Ming Company, Kuching
15. Zheng X, Chen R, Li N, Du W, Pei L, Zhang J, Ji Y, Song X,
Tan L, Yang R (2012) Socioeconomic status and children with
intellectual disability in China. J Intellect Disabil Res: JIDR
56(2):212-220. https://doi.org/10.1111/1.1365-2788.2011.01470.x
16. Zheng X, Chen G, Song X, LiuJ, Yan L, Du W, Pang L, Zhang L,
Wu J, Zhang B, Zhang J (2011) Twenty-year trends in the preva-
lence of disability in China. Bull World Health Organ 89(11):788—
797. https://doi.org/10.2471/BLT.11.089730
17. He P, Chen G, Wang Z, Guo C, Zheng X (2017) Children with
motor impairment related to cerebral palsy: prevalence, severity
and concurrent impairments in China. J Paediatr Child Health
53(5):480-484

@ Springer


https://doi.org/10.1146/annurev.publhealth.031308.100147
https://doi.org/10.1146/annurev.publhealth.031308.100147
https://doi.org/10.1192/bjp.172.4.324
https://doi.org/10.1192/bjp.172.4.324
https://doi.org/10.1017/s0033291715002354
https://doi.org/10.1017/s0033291715002354
https://doi.org/10.1111/j.1365-2788.2011.01470.x
https://doi.org/10.2471/BLT.11.089730

320

Social Psychiatry and Psychiatric Epidemiology (2019) 54:313-320

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Barker DJ (1990) The fetal and infant origins of adult disease.
BMJ 301(6761):1111

. Barker DJ (1995) The fetal and infant origins of disease. Eur J Clin

Investig 25(7):457-463

Lee C (2014) In utero exposure to the Korean War and its long-
term effects on socioeconomic and health outcomes. J Health
Econ 33(1):76-93

Susser E, St Clair D (2013) Prenatal famine and adult mental
illness: interpreting concordant and discordant results from the
Dutch and Chinese Famines. Soc Sci Med (1982) 97:325-330.
https://doi.org/10.1016/j.socscimed.2013.02.049

WHO (2001) International classification of functioning, disability
and health: ICF. Encycl Public Health 7(3):802-822

Nations U (2001) Guidelines and principles for the development
of disability statistics. United Nations Publications, New York
Zhang J (2010) Study of disability survey method institute of
population research (in Chinese). Peking University, Beijing

Liu T, Song X, Chen G, Buka SL, Zhang L, Pang L, Zheng X
(2013) Illiteracy and schizophrenia in China: a population-based
survey. Soc Psychiatry Psychiatr Epidemiol 48(3):455—464. https
://doi.org/10.1007/s00127-012-0552-3

Liu T, Song X, Chen G, Paradis AD, Zheng X (2014) Prevalence
of schizophrenia disability and associated mortality among Chi-
nese men and women. Psychiatry Res 220(1):181-187. https://doi.
org/10.1016/j.psychres.2014.04.042

Ulug B, Ertugrul A, Gogiis A, Kabakei E (2001) Reliability and
validity of the Turkish version of the World Health Organization
disability assessment schedule (WHO-DAS-II). Turk J Psychiatry
12(4):121-130

St Clair D, Xu M, Wang P, Yu Y, Fang Y, Zhang F, Zheng X, Gu
N, Feng G, Sham P, He L (2005) Rates of adult schizophrenia
following prenatal exposure to the Chinese famine of 1959-1961.
JAMA 294(5):557-562. https://doi.org/10.1001/jama.294.5.557
Chi J (1987) A history of the investigation of China’s losses during
World War II. Academia Historica Press, Taiwan
Akbulut-Yuksel M (2017) War during childhood: the long run
effects of warfare on health. J Health Econ 53(5):117-130
Bertrand M, Duflo E, Mullainathan S (2004) How much
should we trust differences-in-differences estimates? Q J Econ
119(1):249-275

Athey S, Imbens GW (2006) Identification and inference in
nonlinear difference-in-differences models. Econometrica
74(2):431-497

Puhani PA, Sonderhof K (2010) The effects of a sick pay reform
on absence and on health-related outcomes. J Health Econ
29(2):285-302

Almond D, Edlund L, Li H, Zhang J (2007) Long-term effects of
the 1959-1961 China famine: Mainland China and Hong Kong.
National Bureau of Economic Research. http://www.nber.org/
papers/w13384. Accessed 6 March 2017

Akbulut-Yuksel M (2014) Children of War: the long-run effects of
large-scale physical destruction and warfare on children. J Hum
Res 49(3):634-662

Huang C, Guo C, Nichols C, Chen S, Martorell R (2014) Elevated
levels of protein in urine in adulthood after exposure to the Chi-
nese famine of 1959-61 during gestation and the early postnatal
period. Int J Epidemiol 43(6):1806—1814. https://doi.org/10.1093/
ije/dyul93

Huang C, Li Z, Wang M, Martorell R (2010) Early life exposure
to the 1959-1961 Chinese famine has long-term health conse-
quences. J Nutr 140(10):1874-1878. https://doi.org/10.3945/
jn.110.121293

@ Springer

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Huang C, Li Z, Narayan KV, Williamson D, Martorell R (2010)
Bigger babies born to women survivors of the 1959-1961 Chinese
famine: a puzzle due to survival selection? J Develop Orig Health
Dis 1(6):412-418

Huang C, Phillips MR, Zhang Y, Zhang J, Shi Q, Song Z, Ding
Z, Pang S, Martorell R (2013) Malnutrition in early life and
adult mental health: evidence from a natural experiment. Soc
Sci Med (1982) 97(4):259-266. https://doi.org/10.1016/j.socsc
imed.2012.09.051

Lee C (2017) Long-term health consequences of prenatal exposure
to the Korean War. Asian Popul Stud 13(1):101-117. https://doi.
org/10.1080/17441730.2016.1249608

Korinek K, Teerawichitchainan B (2014) Military service, expo-
sure to trauma, and health in older adulthood: an analysis of
Northern Vietnamese survivors of the Vietham War. Am J Public
Health 104(8):1478-1487

Saha S, Chant D, McGrath J (2007) A systematic review of mor-
tality in schizophrenia: is the differential mortality gap worsening
over time? Arch Gen Psychiatry 64(10):1123-1131. https://doi.
org/10.1001/archpsyc.64.10.1123

Laursen TM, Nordentoft M, Mortensen PB (2014) Excess early
mortality in schizophrenia. Ann Rev Clin Psychol 10(1):425-448.
https://doi.org/10.1146/annurev-clinpsy-032813-153657
Devakumar D, Birch M, Osrin D, Sondorp E, Wells JC (2014) The
intergenerational effects of war on the health of children. BMC
Med 12(1):57. https://doi.org/10.1186/1741-7015-12-57

Watts C, Zimmerman C (2002) Violence against women: global
scope and magnitude. The Lancet 359(9313):1232-1237
Gazmararian JA, Petersen R, Spitz AM, Goodwin MM, Saltzman
LE, Marks JS (2000) Violence and reproductive health: current
knowledge and future research directions. Matern Child Health J
4(2):79-84

Simic S, Idrizbegovic S, Jaganjac N, Boloban H, Puvacic J, Gallic
A, Dekovic S (1995) Nutritional effects of the siege on new-born
babies in Sarajevo. Eur J Clin Nutr 49(52):S33-S36

Saigal S, Doyle LW (2008) An overview of mortality and seque-
lae of preterm birth from infancy to adulthood. The Lancet
371(9608):261-269

XuMQ, Sun WS, Liu BX, Feng GY, Yu L, Yang L, He G, Sham P,
Susser E, St Clair D, He L (2009) Prenatal malnutrition and adult
schizophrenia: further evidence from the 1959-1961 Chinese fam-
ine. Schizophr Bull 35(3):568-576. https://doi.org/10.1093/schbu
1/sbn168

Susser E, Neugebauer R, Hoek HW, Brown AS, Lin S, Labovitz
D, Gorman JM (1996) Schizophrenia after prenatal famine. Fur-
ther evidence. Arch Gen Psychiatry 53(1):25-31

He P, Chen G, Guo C, Wen X, Song X, Zheng X (2018) Long-
term effect of prenatal exposure to malnutrition on risk of schizo-
phrenia in adulthood: evidence from the Chinese famine of 1959—
1961. Eur Psychiatry 51(6):42—47. https://doi.org/10.1016/j.eurps
y.2018.01.003

Radtke KM, Ruf M, Gunter HM, Dohrmann K, Schauer M, Meyer
A, Elbert T (2011) Transgenerational impact of intimate partner
violence on methylation in the promoter of the glucocorticoid
receptor. Transl Psychiatry 1(7):e21

Gooch E (2017) Estimating the long-term impact of the Great Chi-
nese Famine (1959-61) on Modern China. World Dev 89(1):140—-
151. https://doi.org/10.1016/j.worlddev.2016.08.006

Chen Y, Zhou LA (2007) The long-term health and economic
consequences of the 1959-1961 famine in China. J Health Econ
26(4):659-681. https://doi.org/10.1016/j.jhealeco.2006.12.006


https://doi.org/10.1016/j.socscimed.2013.02.049
https://doi.org/10.1007/s00127-012-0552-3
https://doi.org/10.1007/s00127-012-0552-3
https://doi.org/10.1016/j.psychres.2014.04.042
https://doi.org/10.1016/j.psychres.2014.04.042
https://doi.org/10.1001/jama.294.5.557
http://www.nber.org/papers/w13384
http://www.nber.org/papers/w13384
https://doi.org/10.1093/ije/dyu193
https://doi.org/10.1093/ije/dyu193
https://doi.org/10.3945/jn.110.121293
https://doi.org/10.3945/jn.110.121293
https://doi.org/10.1016/j.socscimed.2012.09.051
https://doi.org/10.1016/j.socscimed.2012.09.051
https://doi.org/10.1080/17441730.2016.1249608
https://doi.org/10.1080/17441730.2016.1249608
https://doi.org/10.1001/archpsyc.64.10.1123
https://doi.org/10.1001/archpsyc.64.10.1123
https://doi.org/10.1146/annurev-clinpsy-032813-153657
https://doi.org/10.1186/1741-7015-12-57
https://doi.org/10.1093/schbul/sbn168
https://doi.org/10.1093/schbul/sbn168
https://doi.org/10.1016/j.eurpsy.2018.01.003
https://doi.org/10.1016/j.eurpsy.2018.01.003
https://doi.org/10.1016/j.worlddev.2016.08.006
https://doi.org/10.1016/j.jhealeco.2006.12.006

	Prenatal war exposure and schizophrenia in adulthood: evidence from the Sino-Japanese War of 1937–1945
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Background of the Sino-Japanese War of 1937–1945

	Methods
	Study population
	Ethical approval
	Measures
	Ascertainment of schizophrenia
	War intensity

	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


