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Abstract

Schizophrenia has been linked with intrauterine exposure to maternal stress due to bereavement,
famine and major disasters. Recent evidence suggests that human vulnerability may be greatest in
the first trimester of gestation and rodent experiments suggest sex specificity. We aimed to
describe the consequence of an acute maternal stress, through a follow-up of offspring whose
mothers were pregnant during the Arab-Israeli war of 1967. A priori, we focused on gestational
month and offspring's sex.

Method: In a pilot study linking birth records to Israel's Psychiatric Registry, we analyzed data from
a cohort of 88,829 born in Jerusalem in 1964-76. Proportional hazards models were used to
estimate the relative risk (RR) of schizophrenia, according to month of birth, gender and other
variables, while controlling for father's age and other potential confounders. Other causes of
hospitalized psychiatric morbidity (grouped together) were analyzed for comparison.

Results: There was a raised incidence of schizophrenia for those who were in the second month
of fetal life in June 1967 (RR = 2.3, 1.1-4.7), seen more in females (4.3, 1.7—-10.7) than in males (1.2,
0.4-3.8). Results were not explained by secular or seasonal variations, altered birth weight or
gestational age. For other conditions, RRs were increased in offspring who had been in the third
month of fetal life in June 1967 (2.5, 1.2-5.2), also seen more in females (3.6, 1.3-9.7) than males
(1.8,0.6-5.2).

Conclusion: These findings add to a growing literature, in experimental animals and humans,
attributing long term consequences for offspring of maternal gestational stress. They suggest both
a sex-specificity and a relatively short gestational time-window for gestational effects on
vulnerability to schizophrenia.
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Background

Stress has become frequent in developed countries, as ter-
rorist threats, actions and their aftermaths are experienced
in otherwise stable populations. Concern about conse-
quences for offspring whose mothers were stressed during
pregnancy derives from strong evidence, from experimen-
tal biology, that intrauterine stress can affect neurodevel-
opment, altering behaviors in animals that are thought
relevant to models of cognition, aggression, anxiety and
depression [1]. Prenatal stress changes the way that gluco-
corticoids and sex hormones regulate neurogenesis in the
developing brain, e.g. in the hippocampus [2]. By modify-
ing the fetal hypothalamic-adrenal axis (HPA) and other
systems, stress in pregnancy perturbs endocrine function
in animal models of diabetes, cardiovascular disease and
metabolic syndrome. Recent work shows sex differences
in fetal responses to maternal stress [3-6] that may be spe-
cific to the gestational age at which the stress is applied
experimentally. In humans, too, there is strong evidence
that maternal stress in pregnancy can lead to type 2 diabe-
tes, hypertension and metabolic syndrome in the off-
spring [1]. There are added concerns regarding a
contribution of intrauterine stress to human attention
deficits, cognitive performance, anxiety, depression,
autism and schizophrenia [7,8]. As in experimental ani-
mals, there is some evidence in humans for unequal
responses of males and females to stress at different stages
of intrauterine life [8].

Epidemiologic observations have linked the incidence of
schizophrenia to various maternal stressors during preg-
nancy, including bereavement [9,10], famine [11,12],
military invasion [13], flood [14] and earthquake [15].
Reduced cognitive ability [16] and autism [17] have also
been linked to such stresses. Until recently, the literature
has been limited by low statistical power and it has been
seldom possible to separate short term psychic stressors
from the long term influence of disrupted environments,
diets or lifestyles that might act as chronic stressors during
childhood. Moreover, possible effects of season have gen-
erally been ignored, as well as demographic variables that
tend to vary among births at different seasons (e.g. paren-
tal ages and social class).

While earlier studies lacked specificity regarding the tim-
ing of stress and its character, there is emerging evidence
that it is early rather than later pregnancy that is the period
when maternal stress is most damaging to the fetus
[10,11]. Studies in non-human primates also point to very
early gestation as the most sensitive period in which intra-
uterine stress causes adverse outcomes [18]. It is well
known from experimental teratology that organ develop-
ment proceeds in the embryo and fetus in an orderly
sequence; anatomical defects can be induced experimen-
tally by radiation, teratogens and/or malnutrition only
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during short windows of vulnerability. The same is true of
the brain [19]. Since for schizophrenia neither mecha-
nism nor lesion is known, identification of a window of
vulnerability, if confirmed in other studies, might help
understand its etiology or pathogenesis.

We questioned whether we could detect any change in the
incidence of schizophrenia in the Jerusalem Perinatal
Study cohort [20] following the Arab-Israeli war of June
1967 (the "Six Day War"). That stressor was short-lived;
anxiety would have begun on May 18 [21] and escalated
during preparations for war over the next two weeks. The
population of Jerusalem would have been most stressed
during the 3 days of bombardment on June 5-7. The war
ended with widespread relief on June 11t [21,22]. Israelis
suffered minimal disruption of the environment and
there were no obvious toxic exposures and no famine.
Thus we consider this a "natural experiment", albeit
uncontrolled, in which acute anxiety was divorced from
the usual consequences of war. The stress would have
been of sufficiently short duration, allowing us to classify
its timing by month of gestation, rather than by trimester.
Others investigated effects of this war, but applied their
research to the whole of Israel and only to trimesters of
pregnancy; they found no significant change in the inci-
dence of schizophrenia [23]. We also postulated a priori
that effects would vary by sex of offspring and would be
most obvious in families likely to be most stressed, i.e.
those living nearest to the border, and those with lower
social class and lower education.

Methods

This study relies on the Jerusalem Perinatal Study, a pop-
ulation-based research cohort derived from all births from
1964-76 in Western (Israeli) Jerusalem. The cohort
includes data from the birth certificate and additional
information from interviews with mothers, depending on
the year of birth. The methods are summarized elsewhere
[20,24] and characteristics of the population described
[20]. The file has been used for research on schizophrenia
[25,26] and for other follow-up studies [27-29].

Israel has maintained a national Psychiatric Registry since
1950; it includes a summary of all admissions to psychi-
atric wards and day facilities. The diagnoses for individu-
als with psychosis have been validated [30]. The Registry
has been used for epidemiologic and clinical research in
schizophrenia by us [25,26,31] and others [32-34]. This
study is based on data from a pilot study that we under-
took to determine whether a linkage was feasible. Person-
nel at Israel's Ministry of Health matched the Jerusalem
cohort to the Psychiatric Registry, using only the off-
spring's identity numbers. They defined schizophrenia
broadly, depending on one or more episodes with dis-
charge diagnoses coded as F20-F29, ie schizophrenia,
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schizotypal disorder, delusional disorders, non-affective
psychoses and schizoaffective disorders (International
Classification of Diseases, 10th Revision), hereafter called
"schizophrenia". They defined "other" as individuals
without schizophrenia who had any admission(s)
recorded in the Registry; these would have included affec-
tive, anxiety, personality and eating disorders, and sub-
stance abuse. A date of incidence was provided, i.e. date of
first event in the Registry. The file was made anonymous
by removal of identifying information; because of this,
and the way the file was created, we could not aggregate
siblings, assess associations within families, study severity
of disease or disaggregate the "other" category. Creation
and use of the file was approved by institutional review
boards in Israel and New York and certified as exempt
from the requirement of individual informed consent.

Statistical analysis

Offspring born in different years were followed up to dif-
ferent ages, so Cox proportional hazards models [35] were
employed to estimate the effects of maternal stress and
covariates, using the PROC PHREG methods provided by
SAS (SAS Institute Inc, Cary, NC). The time to diagnosis or
death was treated in days from birth; surviving individuals
were censored on Jan 15t 1998. For analyses relying on the
whole cohort (for which there were no data on gestational
age) we estimated fetal age in June 1967 by counting back
from the date of birth. We did this using both calendar
months and "standard months" of ~30.4 days, based on
the integer value of 12 times (day of birth/365.25) +1,
starting from 1stJan 1964. We also conducted a sensitivity
analysis, shifting the standard month by +15, and -15
days. For a sub-cohort with data on gestational age, we
analyzed the data in relation to the estimated dates of con-
ception, defined as date of onset of last menstruation + 16
days. Date of last menstruation was available for 5,100
offspring and for 6,357 others the expected date of deliv-
ery was given, from which we assumed that conception
had occurred 266 days earlier.

Covariates chosen for inclusion in the proportional haz-
ards models were those that were significant independent
predictors of the incidence of schizophrenia in this
cohort, and also varied by season of birth (in this cohort)
or following disasters (in others). Such variables included
paternal age, treated as a linear continuous variable with
unknowns (0.8%) set to the mean (age 30); we treated
time since marriage similarly, with unknowns (1.7%) set
to the median (5 years), as previously reported [25]. Other
variables treated as dichotomies or sets of mutually exclu-
sive categories were maternal age (two categories, i.e. 30—
34 and 35+ compared with a reference group of all oth-
ers); male sex (versus others); the lower third of social
class versus (based on the fathers' occupation [36]); calen-
dar month (11 categories, the reference category being set
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arbitrarily at September); and residential area (based on
census tract at birth). Results are given as adjusted relative
risks of schizophrenia (RRs, i.e. hazard ratios) with 95%
confidence intervals (CI), no allowance being made for
multiple testing.

Results

Of the 91,451 live born subjects, 88,829 (97.2%) were
traced; linkage with the Psychiatric Registry identified 637
with schizophrenia-related diagnoses and 676 with other
psychiatric disorders. As we previously reported [25] the
cumulative incidence was estimated as 1.0% by age 30
and in a proportional hazards model, variables signifi-
cantly predicting incidence included paternal age (relative
risk (RR) = 1.39 per decade, 95% confidence limits = 1.2—
1.6, p <.0001; male sex (1.4, 1.2-1.6, p = .0002); length
of the parents' marriage (0.80, 0.73-0.89, p < .0001 per 5
years); and low social class (1.2, 1.0-1.5, p = .0141).
Maternal age was less strongly associated with schizophre-
nia; compared to age < 30, the RRs associated with ages
30-34 and 35+ were 1.2 (0.94-1.5) and 1.5 (1.1-2.1, p =
.0066). All the aforementioned estimates were adjusted
for each other.

We considered whether there were secular or seasonal
trends in incidence that might confound the interpreta-
tion of findings for any one year (data not tabulated). We
found no evidence for change in incidence over the years;
comparing offspring born in 1964-67 and 1968-71 with
a reference group based on 1972-76 the RRs for schizo-
phrenia were 1.0 (0.90-1.4) and 1.1 (0.9-1.4) respec-
tively, after adjusting for parents' characteristics. There
was no significant variation in schizophrenia estimated
for any single year and no meaningful trend with the data
reanalyzed with "epidemiologic" years set from April-
March, July-June or October-September. Regarding sea-
son, while there were some variations in incidence
between individual calendar months, these were not obvi-
ously seasonal; furthermore, we found no significant
trend for schizophrenia by testing season as sine and
cosine transformations of time in an annual cycle,
together with their first harmonics. We concluded that it
was appropriate to compare the cohort born to women
who were pregnant in June 1967 with the entire data set,
adjusting for calendar month of birth and demographic
variables.

Table 1 shows the raw data assessing effects of the war.
The left side of the table shows the cohorts defined by cal-
endar month of birth, while the right side of table shows
the data re-calculated using standard months of ~30.4
days. The use of standard months shifts few subjects to an
earlier or later interval but maintains the general findings.
There were 450-500 births per month in 1967 and 1968,
except in February 1968 in which there were somewhat
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Table I: Numbers of offspring born (N), cases of schizophrenia (Schiz) and other psychiatric disorders (Other psych) in the months
surrounding June 1967, by month of birth and estimated stage of life during the war.

Estimated stage of life during  Date of birth Data based on calendar month of birth Data based on standard month of birth

war of June 1967

N Schiz Other psych N Schiz Other psych
Before conception (months)
-3 May 1968 505 4 2 505 4 2
-2 Apr 1968 512 2 4 512 2 4
-1 Mar 1968 498 3 5 498 3 5
Gestational age (months)
I Feb 1968 410 4 3 420 5 3
2 Jan 1968 486 10 | 493 9 3
3 Dec 1967 501 3 Il 484 3 9
4 Nov 1967 443 4 | 443 4 |
5 Oct 1967 470 4 4 470 4 4
6 Sept 1967 466 4 3 466 4 3
7 Aug 1967 488 | 6 488 | 6
8 Jul 1967 483 4 5 460 4 5
9 Jun 1967 480 3 10 503 3 10
Post-natal age (months)
I May 1967 512 3 3 496 3 3
2 Apr 1967 424 4 5 424 4 3
3 Mar 1967 471 4 4 476 4 6

fewer, corresponding to a decrease in conceptions in June
1967, i.e. during the war and soon after, or an increased
fetal loss. The raw data suggest a two- to three-fold excess
of schizophrenia in the cohort born in January 1968,

(exposed in the seventh month), and somewhat more of
other disorders in the cohort born in June 1967 (exposed
in the final month or at birth). There was no unusual inci-
dence of schizophrenia or other conditions among off-

whose mothers would have been in the second month of
pregnancy in June 1967. There was a similar excess of
other disorders in the cohort born a month earlier, who
would have been in the third month of intrauterine life in
June 1967. There were somewhat fewer cases of schizo-
phrenia than expected in the cohort born in August 1967

spring conceived in the three months after the war, or in
those born in the three months before it.

Table 2 shows the RRs of schizophrenia by sex, estimated
using proportional hazards methods to control for con-
founding variables; and table 3 shows the same for other

Table 2: Numbers of cases, relative risks (RR) and 95% confidence limits (CL) for schizophrenia, by standard month of birth and sex.

Estimated gestational month Date of birth Total, including unknown sex Males Females
in June 1967
Cases RR! 95% CL! Cases RR 95%CL! Cases RR 95% CL!
| Feb 1968 5 .09 0.44-2.72 5 201 0.81-54] 0 - -
2 Jan 1968 9  **228 1.12-4.65 3 1.17 0.36-3.83 6 **433 [.71-11.0
3 Dec 1967 3 0.76 0.24-2.44 I 043 0.06-3.16 2 .23 0.29-5.28
4 Nov 1967 4 1.07 0.38-3.00 3 1.30 0.40-4.27 | 0.71 0.09-5.34
5 Oct 1967 4 0.82 0.30-2.27 3 117 036-3.83 I 0.44 0.06-3.22
6 Sept 1967 4 0.99 0.36-2.74 2 092 0.22-3.88 2 1.06 0.25-4.50
7 Aug 1967 I 0.26 0.04-1.89 0 - - I 0.94 0.12-7.22
8 Jul 1967 4 0.97 0.35-2.67 | 045 0.06-3.26 3 1.58 0.47-5.30
9 Jun 1967 3 0.64 0.20-2.03 I 035 0.05-2.57 2 1.07 0.25-4.55
Comparison group (all others) 1964-76 602 I reference 355 | reference 245 I reference

I. Adjusted for paternal age (continuous), maternal age (30—34, 35+ versus all others), low social class (father's occupation group 5,6 versus |—4),
years married and month of birth. 2. Additionally adjusted for sex. ** p <.03; *** p <.003.
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psychiatric conditions. The nine birth cohorts exposed in
each month of intrauterine life are compared, simultane-
ously, with the remainder of the cohort. The incidence of
schizophrenia was more than doubled for offspring who
were in the second month of gestation in June 1967. The
risk for other psychiatric disorders was also increased for
those who were in the third month of pregnancy at that
time, confirming the findings in table 1. In both schizo-
phrenia (table 2) and other conditions (table 3) effects
observed after the war were stronger in females than in
males.

When the intrauterine exposure to the war was classified
by trimesters rather than by months, differences were
smaller and not significant. Offspring whose mothers
were in the first, second and third trimesters during the
war showed adjusted RRs, respectively of 1.33 (0.80-
2.12), 0.95 (0.53-1.71) and 0.62 (0.30-1.26). For other
psychiatric conditions the corresponding RRs were 1.13
(0.67-1.93), 0.68 (0.33-1.38) and 1.49 (0.94-2.34).

We conducted a post-hoc analysis of schizophrenia com-
paring the cohort presumed to have been in the second
month of gestation at the time of the June 1967 war versus
all others (data not tabulated). The excess incidence was
observed more in offspring of fathers aged < 30 (RR = 3.7,
1.4-10.0, based on 5 cases in 227 offspring versus 194/
39,602) than in offspring of fathers aged 30+ (1.5, 0.5-
4.3, based on 4/405 vs 284/47,691); more in association
with the two lower social classes (4.3, 1.7-11, 7/210 vs
186/23,687) than in the four higher social classes (0.9,
0.2-3.6, 2/427 vs 298/64,505) and more in those whose
mothers had 0-8 years of education (3.2, 1.4-7.5, 7/254
vs 209/29,661) than in those with 9+ years of education
(0/331vs 193/52,504). Residence in census tracts border-
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ing the 1948 border was not a general risk factor for schiz-
ophrenia in the whole cohort (RR = 1.1, 0.6-2.0 based on
9 cases in 1,125 offspring); however, this residential area
showed an excess risk of schizophrenia in those who were
in the second month of intrauterine life during the war
(RR =33, 2.7-400 based on 2 cases in 7 offspring versus a
reference group of 7 cases in 1116 offspring).

We did not extend the study to cover the 1973 war
because insufficient time had passed for the accrual of
cases of schizophrenia. A preliminary analysis, however,
suggested consistent findings; there was an increased inci-
dence of schizophrenia in offspring of mothers who had
been in the second month of gestation in October 1973
(RR = 1.4, 0.6-3.5) and of other conditions in those who
were in the third month (RR=1.9, 0.9-4.1).

We questioned whether the excess risk of schizophrenia
after the June 1967 war might be associated with changes
in the distribution of birth weight or gestational age, since
maternal stress is believed to contribute to pre-term birth
[37] and low birth weight has been associated with schiz-
ophrenia [38]. In this cohort, there was a weak and non-
significant relationship between low birth weight (< 2500
g) and schizophrenia (RR = 1.2, 0.9-1.7) after controlling
for confounding variables. In the cohort estimated to have
been in the second month of intrauterine life in June 1967
we observed an unusually low proportion of low birth
weight offspring (3.2% versus 6.3% expected). Control-
ling for low birth weight, however, increased the RR for
schizophrenia and narrowed its confidence interval. Sim-
ilarly, controlling for low birth weight led to a small
increase in the RR of other psychiatric disorders, for those
in the third month of gestation during the war.

Table 3: Numbers of cases, relative risks (RR) and 95% confidence limits (CL) for other psychiatric conditions, by standard month of

birth and sex.

Estimated gestational month Date of birth Total, including unknown sex Males Females
in June 1967
Cases RR! 95% CL? Cases RR 95% CL! Cases RR 95% CL!
| Feb 1968 3 0.73 0.23-2.34 3 111 0.34-3.64 0 - -
2 Jan 1968 3 0.60 0.19-1.92 2 0.6l 0.15-2.52 | 0.57 0.08-4.25
3 Dec 1967 9  ®*251 122-5.17 4 1.82 0.63-524 5 #k355 1.31-9.65
4 Nov 1967 | 0.22 0.03-1.6l 0 - - [ 0.51 0.07-3.77
5 Oct 1967 4 1.02 0.37-2.87 I 046 0.06-3.39 3 1.76 0.52-5.93
6 Sept 1967 3 0.90 0.28-2.92 | 063 0.09-4.7I 2 .14 0.27-4.87
7 Aug 1967 6 1.56 0.67-3.65 3 120 0.37-391 3 225 0.66-7.69
8 Jul 1967 5 1.04 0.42-2.60 4 181 0.64-5.13 | 0.38 0.05-2.79
9 Jun 1967 10 *1.97 1.01-3.85 6 1.89 0.804.46 4 2.1l 0.73-6.10
Comparison group (all others) 1964-76 633 | reference 363 | reference 270 | reference

I. Adjusted for paternal age (continuous), maternal age (30—34, 35+ versus all others), low social class (father's occupation group 5,6 versus |—4),
years married and month of birth. 2. Additionally adjusted for sex. * p <.05; **p < .02 *** p < .003.
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To corroborate the findings from the whole cohort, we
studied the sub-cohort (N = 11,467) with data on of last
menstrual date and/or expected date of delivery. From the
11,040 traced live-born offspring, we excluded 1,421 with
uncertain gestational age (day of month set at "0" or
"10"), leaving 9,519 available for analysis, with 91 cases
of schizophrenia. Figure 1 shows adjusted relative risks of
schizophrenia according to estimated gestational age in
the war. There were wide confidence limits so that none of
the RRs were statistically significant; however, they con-
firm an increased incidence of schizophrenia and other
conditions in offspring whose mothers were stressed in
early pregnancy (specifically in the second month) and
fewer than expected cases of schizophrenia following
stress in later pregnancy. This conclusion was unchanged
after controlling for pre-term births (i.e. gestations of less
than 37 weeks) or for low birth weight (< 2500 g). The fig-
ure also suggests an excess incidence of other conditions
in early pregnancy.

Conclusions for this study were not altered further adjust-
ment for ethnic groups or by restricting the cohort to sin-
gleton births or to Jews.

Discussion

This pilot study shows that a time-limited threat likely to
have caused severe anxiety in pregnant women was asso-
ciated with an altered incidence of schizophrenia in the
offspring. Although based on small numbers, our results

Adjusted relative risk
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are consistent with the studies from Finland [9], the Neth-
erlands [11] and Denmark [10] that pointed to early preg-
nancy as a period of vulnerability to stress, for
schizophrenia. Our prior hypothesis, building on knowl-
edge from teratology, was that fetal effects of maternal
stress, if found, would be limited to a short window of
time, though we did not specify in advance which would
be the most vulnerable month.

This study's finding of sex differences is also consistent
with previous publications linking schizophrenia to fam-
ine in the Netherlands and China. The Dutch famine of
1945 [11] was followed by a significantly increased inci-
dence of schizophrenia in females born after maternal
starvation during the first trimester, or in both first and
second trimesters, but was not significantly altered by star-
vation in the second or third trimesters. In males, schizo-
phrenia was not significantly related to the Dutch famine;
however, there was a subtle decrease in its incidence fol-
lowing maternal starvation during the second trimester
[11] a subsequent study showed those males to be suffer-
ing more from unipolar affective disorders [39]. The Chi-
nese famine of 1959-61 was followed by an increased
incidence of schizophrenia among adults born in those
years, with a decreased proportion of males among cases
[12], suggesting that the increase might have been more
severe among females, or that females vulnerable to schiz-
ophrenia might have survived better than similarly vul-
nerable males. After the 9/11 terrorist attack in New York,

3
. Schizophrenia
|:|0ther
2
1 N
o AL ﬂhi i ﬂ,ﬂﬂ

9-12 13-16

17-20 21-24 25-28 29-32 33-36 37-40

Gestational age (weeks)

Figure |

Relative risks of schizophrenia and other psychiatric conditions in offspring born to mothers pregnant during
war of June 1967. Sub-cohort of 9,519 offspring with information on gestational age.
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there was evidence for a selective loss (i.e. spontaneous
abortion) of male fetuses. This was observed not only in
New York [40] but also in California [41], so it can be
attributed to maternal stress alone, rather than to a toxic
environment. Thus, the sex difference in schizophrenia
observed in the Jerusalem, Dutch and Chinese cohorts
might be explained either by greater vulnerability of
females to stress (or starvation), or by a greater mortality
of vulnerable males.

The most convincing evidence that schizophrenia can fol-
low intrauterine stress derives from investigations of
mothers bereaved in pregnancy. Bereavement is a stressor
that is not normally accompanied by famine or a toxic
environment. In a national register in Finland, Huttunen
and Niskanen compared the offspring of 167 mothers
whose husbands died during their pregnancy versus those
of 168 similarly bereaved after delivery [9]. There was an
excess incidence of schizophrenia in the first group, espe-
cially when the husband's death occurred early in gesta-
tion. A much larger study was reported recently by
Khashan et al using the national registry in Denmark; with
a follow-up of 10-32 years they observed 1893 cases of
schizophrenia (0.3% of the cohort) [10]. The death of one
or more of the mother's first degree relatives was linked to
a statistically significant excess of schizophrenia, with RR
= 1.6-1.7, if the death occurred in the first trimester. Fur-
thermore, the Danish study showed a non-significant
reduction in schizophrenia if the death occurred in the
third trimester; our findings are similar. Neither the Finn-
ish nor the Danish studies separated males from females;
future studies should do this and attempt to determine
specificity of timing in gestation, more narrowly than by
trimester.

Strengths of the Jerusalem study include its prospective
design, a follow-up of 22-34 years, an unusually circum-
scribed psychological stressor and our ability to stratify by
sex, consider season and control for potential confound-
ers such as paternal age. Use of a previously defined
cohort and of Israel's national Psychiatric Registry assures
an unbiased ascertainment of "exposure" relative to "out-
come", without the need to rely on maternal recall or
question the diagnosis; diagnoses of psychoses have been
recently validated [30]. An additional advantage is the
availability of a sub-cohort with information of gesta-
tional age, which, though small, permits us to corroborate
the findings based on the entire cohort. A limitation is the
small numbers. Also, in common with most other previ-
ous studies, ours suffers from the drawback from the
absence of information on length of gestation. If maternal
stress were to lead to an excess of pre-term births in vul-
nerable pregnancies, and if these were the same individu-
als vulnerable to schizophrenia in the future, then there
might be a systematic bias in the estimation of gestational
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age in the affected cases; gestations might have been more
advanced that we can estimate. Because of this, our results
should be regarded as "hypothesis generating" rather than
proof that the moment of greatest vulnerability to schizo-
phrenia occurs in the second, rather than any other, gesta-
tional month. Others limitations are that we cannot assess
in this pilot study which of the "other" diagnostic catego-
ries were related to the June 1967 war; and because the
cohort has not yet reached middle age, not all potential
cases of schizophrenia have become known. We do not
know how individual mothers experienced the war, what
was their previous or ancestral response to stress, or
whether they were injured or bereaved in June 1967 and
might have been medicated; and we do not yet know
whether the risk of schizophrenia in the offspring might
have been modified by events in post-natal life.

There is overwhelming experimental evidence that stress
to pregnant mammals alters neurodevelopment in the off-
spring and affects their subsequent behavior, both in
childhood and as adults [42-45]. Furthermore, maternal
stress permanently programs metabolic and cardiovascu-
lar physiology [1] in the offspring, with consequences for
longevity. Almost all of the experimental work, however,
has applied stress in mid- or later pregnancy. Mechanisms
are unclear and the nature and reasons for sex differences
even more so, but experimental and human data suggest
that both the neurobehavioral and metabolic effects seem
to depend on the same mechanisms, or similar ones
[8,46]. These mechanisms involve perturbation of the
HPA axis, glucocorticoids and catecholamines [44,46,47],
changes in the "set points" for physiologic feedback loops
(e.g. leptin, insulin, cortisol) [48] and alterations in ways
individuals sense and respond, in the future, to dynamic
changes in the environment [8]. Current thinking is that
the signal is achieved by epigenetic changes (e.g. methyl-
ation at CpG islands, or modification of histones) that
alter gene expression and that genetic variability may alter
vulnerability (e.g. deficiencies in genes affecting 1-carbon
metabolism (methylation)); if so, genetically vulnerable
individuals might be protected by modification of the diet
at the time of being stressed.

The knowledge that maternal stress affects the fetus has
important implications for mental health in a world
threatened by acute violence and war. Terrorist acts have
stressed whole populations nation-wide, while more
locally, hurricanes and earthquakes are recurring stressors
in some countries. Smaller communities or individuals
can be affected acutely by tornados, episodes of commu-
nity violence, accidents, bereavement, domestic violence
or rape. A significant component of the public burden of
mental illness may follow such frights to pregnant
women. The subject of intrauterine stress and major psy-
chiatric disorders deserves further scrutiny. Well designed
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research studies should be aimed at elucidating the path-
ways to risk and at defining strategies and interventions
for prevention.

Conclusion

This study confirms previous reports of an excess inci-
dence of schizophrenia in offspring born to mothers who
experienced stress in early pregnancy. It suggests both sex
specificity and a relatively narrow window of vulnerabil-
ity, in the second month of pregnancy.
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