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Increased Risk of Affective Disorders in Males after Second Trimester
Prenatal Exposure to the Dutch Hunger Winter of 1944-45*

ALAN S. BROWN, EZRA S. SUSSER, SHANG P. LIN, RICHARD NEUGEBAUER and JACK M. GORMAN

Background. Prenatal and perinatal factors have been linked to affective disorders. We therefore
undertook an exploratory study to determine whether prenatal exposure to severe famine
was associated with an increased risk of affective disorders.

Method. Monthly birth cohorts that were exposed and unexposed to the Dutch Hunger Winter
of 1944-45 were identified. The cumulative incidences of affective psychoses and neurotic
depression (ICD-9 criteria) were compared between exposed and unexposed cohorts during
each trimester of gestation.

Results. The relative risk (RR) of affective psychosis (broad and restricted definitions) among
persons exposed to famine during the second trimester was significantly increased (broad:
RR (95% confidence interval) =1.62 (1.19, 2.20); restricted: 1.59 (1.14, 2.21)). Separate
analysis by gender showed a significant association among males (broad: 2.26 (1.43, 3.57);
restricted: 2.40 (1.49, 3.89)), but not females (broad: 1.28 (0.84, 1.94); restricted: 1.17
(0.73, 1.86)). The risk of neurotic depression was not increased after prenatal famine exposure.
Conclusions. These results suggest a possible relationship between prenatal famine during
the second trimester and affective psychosis, lending plausibility to reports that have associated
affective psychoses with prenatal exposures. Further studies of this relationship are warranted.

A growing number of investigations suggest a link
between prenatal factors and subsequent risk of
psychiatric disorders in the offspring (Meyer-
Bahlburg er al, 1985; Susser & Lin, 1992; Buka
et al, 1993; Susser et al, 1995). Some of these studies
have indicated a potential relationship between
prenatal/perinatal factors and affective disorders
(Salk et al, 1985; Jacobson et al, 1987; Crow et al,
1991; Done et al, 1991). Prenatal exposures,
including influenza and obstetric complications, have
been associated with affective psychosis (Crow et al,
1991; Done et al, 1991) and Lewis & Murray (1987)
have reported obstetric complications in 11% of
bipolar depressives. In addition, prenatal and
perinatal disturbances have been associated with
suicide during adolescence (Salk et al/, 1985) and
adulthood (Jacobson et al, 1987).

In recent follow-up investigations of the original
Dutch famine study (Stein et al, 1975), the
relationship between prenatal exposure to famine
and schizophrenia in adulthood has been tested
(Susser & Lin, 1992; Susser et al, 1995). The
well-demarcated period of food deprivation,
documentation of the severity of famine and
relatively complete case ascertainment enabled the
investigators to compare the risk of schizophrenia
between cohorts exposed and unexposed to

nutritional deprivation during the first trimester.
They demonstrated that cohorts exposed to famine
in early gestation had a more than twofold in-
crease in the risk of schizophrenia in both men and
women, suggesting that prenatal nutritional deficiency
may play a causal role in this disorder.

We sought to capitalise on the virtually unique
opportunity afforded by the tragedy of the Dutch
famine to examine the possible contribution of pre-
natal famine exposure to risk for affective disorders
in adulthood. Data from the Dutch Psychiatric
Registry on affective disorders in these cohorts
have been obtained. We compared the incidence
of affective disorders between cohorts exposed
and unexposed to nutritional deprivation during
each trimester. Because prior studies have indicated
that prenatal exposures during the first (Susser & Lin,
1992) and second (Crow et al, 1991) trimesters, and
events during the perinatal period (Lewis & Murray,
1987; Done et al, 1991) are associated with the
later occurrence of psychiatric disorders, we had
no a priori reason to expect a differential effect
according to trimester of exposure. Although we
did not hypothesise that there would be a gender
difference in the effect of prenatal famine on
affective disorders, we explored this possibility in our
analyses.

*Presented in part at the 146th Annual Meeting (New Research) of the American Psychiatric Association, San Francisco, CA, 24 May 1993.
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Method

Definition of exposure

The definition of exposed and unexposed birth
cohorts has already been presented (Susser & Lin,
1992), and will thus be summarised here. During
World War II, the Nazi blockade of occupied
Holland created a sharp decline in food intake in the
western or ‘famine’ region from October 1944 to
May 1945. All six cities in this region with populations
greater than 40000 were included in the original
study by Stein et al (1975). These cities were
Amsterdam, The Hague, Haarlem, Leiden, Rotterdam
and Utrecht. Official food rations fell to very

Table 1
Food rations by trimester in monthly birth cohorts

Average daily intake (kcal)

Year of Month of First Second Third
birth birth trimester  trimester  trimester
1944 January 1697 1717 1743
February 1670 1727 1747
March 1713 1713 1717
April 1717 1743 1633
May 1727 1747 1567
June 1713 1717 1563
July 1743 1633 1578
August 1747 1567 1512
September 1717 1563 1462
October 1633 1578 1405
November 1567 1512 1414
December 1563 1462 1277
1945 January 1578 1405 1011
February 1512 1414 740
March 1462 1277 590
April 1405 1011 618
May 1414 740 670
June 1277 590 868
July 1011 618 1361
August 740 670 1757
September 590 868 2045
October 618 1361 1995
November 670 1757 2083
December 868 2045 2127
1946 January 1361 1995 217
February 1757 2083 2514
March 2045 2127 2857
April 1995 217 3200
May 2083 2514 3200
June 2127 2857 3200
July 217 3200 3200
August 2514 3200 3200
September 2857 3200 3200
October 3200 3200 3200
November 3200 3200 3200
December 3200 3200 3200

Source: Stein et a/ (1975).
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low levels in this famine region, less than 4200 kJ
(1000 kcal) per person per day between February and
April 1945. In the original Dutch famine study, the
mean intake (kcal/day) in the official ration in the
first, second and third trimesters was calculated for
each of the 36 monthly birth cohorts in 1944-1946
(Stein et al, 1975) (Table 1). These data were used
in the present study to identify the monthly birth
cohorts that were exposed to severe food deprivation
(average rations <4200 kJ (1000 kcal)/day) during
each trimester. Cohorts exposed during the first
trimester were born between August and December,
1945; those exposed during the second trimester were
born between May and September, 1945; and those
exposed during the third trimester were born between
February and June, 1945. Unexposed cohorts had
average daily rations that were greater than 4200 kJ
(1000 kcal)/day, and consisted of those cohorts born
in all other months in 1944 and 1946 less the
respective periods of exposure for each trimester.

Estimation of numbers at risk for affective disorders

The number of men and women who survived to at
least age 18, and thus were potentially at risk for
hospitalised affective disorders in adulthood, was
calculated from the number of live births and deaths
up to age 18 for each monthly birth cohort (Stein
et al, 1975; Susser & Lin, 1992).

Estimation of numbers with affective disorders

The numbers of men and women in each monthly
birth cohort with in-patient admissions for affective
disorders from 1978 to 1991 were obtained from the
Dutch Psychiatric Registry, which contains infor-
mation on all in-patient psychiatric admissions to
psychiatric and university hospitals in Holland since
1978. The abstracted data comprised month and
municipality of birth, and most recent psychiatric
discharge diagnosis, based on the International
Classification of Diseases, ninth revision (ICD-9)
(World Health Organization, 1978).

Classification of affective disorders

Affective disorder diagnoses were categorised a priori
into two main groups for the primary analyses:
affective psychosis and neurotic depression (ICD-9,
1978). Affective psychosis consists of all 296
ICD-9 diagnoses, which are defined as ‘‘severe
disturbances of mood (mania and/or depression)
accompanied by mood-congruent psychotic symp-
toms’’. We also examined a subcategory of 296,
‘“affective psychosis, restricted’’, consisting of
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296.0-296.4. This subcategory excluded those
conditions denoted as ‘other’ or ‘not specified’.
Neurotic depression (300.4, ICD-9) is characterised
by ‘‘disproportionate depression without psychotic
symptoms’’.

Measures of effect

For each birth cohort, we calculated the risk or
cumulative incidence of hospitalisation for affective
disorder (the number of men and women with a
diagnosis of affective disorder in the psychiatric
registry from 1978 through 1991 divided by the
number who survived to age 18). Separate cal-
culations were made for ‘‘affective psychosis,
restricted”’, ‘‘affective psychosis, broad’’, and
neurotic depression. The relative risk (with 95%
confidence intervals) was obtained by calculating the
ratio of the risk of each affective disorder diagnosis
in exposed v. unexposed birth cohorts. Relative risks
were calculated for first, second and third trimester
famine exposure.

Males and females may differ in terms of
vulnerability to prenatal insult (Kline et a/, 1989) and
rates of affective disorder (Weissman et al, 1991),
the latter suggesting that risk factors may exert
differential effects on males and females. As a result,
we decided to explore possible gender differences in
the risk of affective disorders after prenatal famine
exposure.

In the calculation of the above relative risks,
cohorts listed as exposed during a particular trimester
usually included individuals who were exposed
during an adjacent trimester(s). For example, those
listed as second trimester exposed included individuals
exposed during the second plus either the first or
third trimesters. Thus, it was necessary to separate
the effects of first, second and third trimester famine
exposure on the risk of affective psychosis. We
addressed this difficulty by fitting a logistic regression
model with first trimester, second trimester and third
trimester famine as independent variables and
affective psychosis as the dependent variable. We
then calculated the odds ratios for exposure to
famine during each individual trimester by their fitted
regression coefficients in the model (Model I). Given
the possible gender differences in prenatal distur-
bances and rates of affective disorder (see above),
it was also necessary to control for the possible
confounding effect of gender. This was accomplished
by including the gender variable along with the three
trimester famine variables in the logistic regression
model (Model II). Finally, to determine whether the
effect of prenatal famine differed significantly
between men and women, we included additional
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terms that represented the interaction between
famine variables and gender in the model (Model
III). A significant interaction term in this stage would
necessitate reporting the results separately for men
and women. For each procedure described above,
two analyses were performed, one for ‘‘affective
psychosis, broad”’, and the other for ‘‘affective
psychosis, restricted”’.

Results

Univariate analysis

The relative risks of ‘‘affective psychosis, broad”’,
‘“affective psychosis, restricted”’ and neurotic
depression after famine exposure during each
trimester are presented in Tables 2-4. For males and
females combined, there was a large and significant
association between second trimester exposure to
famine and the risk of affective psychosis, both
‘broad’ and ‘restricted’; a lesser association was
found between affective psychosis and famine
exposure during the third trimester. There was no
indication of a first trimester effect. When genders
were analysed separately, the relative risk of affective
psychosis after second trimester famine exposure was
significantly elevated only in men; a lesser association
was found between affective psychosis in men and
third trimester exposure.

Multivariate analysis

The results of the logistic regression analyses are
presented in Tables S and 6. Model I analyses showed
that, controlling for the effects of first and third
trimester famine, the risks of both ‘‘affective
psychosis, broad’’ and ‘‘affective psychosis,
restricted”’ were significantly increased after second
trimester famine exposure. The odds ratios of both
affective psychosis categories were not increased by
either first trimester or third trimester famine
exposure (Table 5).

We next examined the effect of gender on risk of
affective psychosis (Table 5). As expected, when the
gender variable was included in the logistic model
(Model II), its effect on risk of affective psychosis
was significant; women were at higher risk than
men. Moreover, the effect of second trimester
famine exposure remained significant. Having
established independent effects of second trimester
famine and gender, we entered a term representing
famine-by-gender interaction into the model (Model
III), and found a significant interaction between
famine and gender for ‘‘affective psychosis,
restricted”” (P=0.03) and a nearly significant
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Table 5
Affective psychosis after prenatal exposure to famine:
logistic regression models

Affective psychosis, Affective psychosis,

broad restricted
Risk factors and  Odds Odds
covariates ratio (95% CI) ratio (95% CI)
Model |
First trimester  0.87 (0.53, 1.42) 0.91 (0.54, 1.52)
Second trimester 1.53 (1.05, 2.22)' 1.52 (1.01, 2.28)'
Third trimester  1.25 (0.89, 1.76) 1.19 (0.82, 1.73)
Model Il
Gender 1.82 (1.45,2.30)' 1.81 (1.42, 2.32)"
First trimester  0.87 (0.53, 1.42) 0.91 (0.54, 1.52)
Second trimester 1.53 (1.05, 2.22)' 1.52 (1.01, 2.27)'
Third trimester  1.24 (0.88, 1.75) 1.19 (0.82, 1.72)

1. Confidence limits do not include 1: indicates statistical significance.

interaction for ‘‘affective psychosis, broad”
(P=0.07).

Thus, we analysed the effect of second trimester
famine (adjusting for first and third trimester famine)
on the risk of affective psychosis separately in men and
women (Table 6). Our results indicated a significantly
increased risk of ‘‘affective psychosis, broad’’ and
‘“affective psychosis, restricted’’ after second

trimester famine exposure in males but not females.

Analysis controlling for season of birth

In order to control for any possible season of birth
effect that could account for our findings, we
compared the risk of affective disorders between
male birth cohorts who had been exposed to famine
in the second trimester (born May-September, 1945)
with unexposed male birth cohorts born in the same
months in 1944 and 1946. Rather than diminishing,
the relative risk (with 95% CI) of ‘‘affective
psychosis, broad’’ increased to 2.81 (1.62, 4.85) and
of “‘affective psychosis, restricted’’ to 2.75 (1.56,
4.87). The relative risk (with 95% CI) of neurotic
depression was 1.15 (0.62, 2.15), similar to the result
of our prior analysis (see Tables 2-4).
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Discussion

There have been several recent reports of associations
between affective disorders and exposures during the
prenatal and perinatal periods. In a study of
pregnancy and birth complications in the British
perinatal mortality survey sample, Done ef al (1991)
found an increased risk of factors predisposing to
perinatal death among patients with affective
psychosis; specific associations were observed between
affective psychosis and two factors, diminished
length of gestation and vitamin K treatment at the
time of birth. Crow et a/ (1991), in an investigation
of individuals in whom prenatal influenza exposure
was documented by maternal interview and medical
records at the time of birth, reported an almost
threefold risk (although not significant at P<0.05)
of second trimester influenza exposure among
patients with hospitalised affective illness; a gender-
specific analysis was not reported.

Our finding may also help to clarify the results of
prior studies of prenatal famine exposure and
schizophrenia (Susser & Lin, 1992; Susser et al,
submitted). In these investigations, other psychiatric
diagnoses were not examined for their potential
association with famine. Since first trimester
exposure to famine does not increase the risk of the
hospitalised affective disorders, systematic
misclassification of affective disorder as
schizophrenia cannot account for the observed
association between early prenatal exposure to
famine and schizophrenia.

There may be no direct link between our previous
findings for schizophrenia and first trimester famine
exposure, and our present findings for affective
psychosis and second trimester famine. As was
evident in the results of the original Dutch famine
study, the effects of famine on reproductive
outcomes are very different depending upon the
timing of the exposure during gestation (Stein et al,
1975). Thus, disorders that follow from exposure to
famine at different time points in gestation may not
necessarily be aetiologically related. For instance,

Table 6
Affective psychosis after prenatal exposure to famine: logistic regression analysis conducted separately by gender

Affective psychosis, broad
Odds ratio (35% Cl)

Affective psychosis, restricted
Odds ratio (95% Cl)

Males Females Males Females
First trimester 0.85 (0.39, 1.85) 0.88 (0.46, 1.66) 0.90 (0.40, 2.03) 0.93 (0.47, 1.81)
Second trimester 2.20 (1.23, 3.91)' 1.19 (0.73, 1.96) 2.19 (1.19, 4.02) 1.15 (0.66, 1.99)
Third trimester 1.19 (0.67, 2.09) 1.28 (0.83, 1.96) 1.33 (0.74, 2.41) 1.10 (0.68, 1.78)

1. Confidence limits do not include 1: indicates statistical significance.
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in the original Dutch famine study, reduced mean
birthweight was related to famine exposure in late
gestation, while neural tube defects, stillbirths and
very low birthweight were associated only with
famine during early gestation (Stein et al, 1975).

Given the exploratory nature of the study, these
results must be regarded as preliminary. Further
research is necessary in order to attempt replication
of our findings, to address the specificity of type and
timing of prenatal exposures, and to clarify and
elucidate their effects with respect to gender and
diagnosis. However, these results do provide some
support for the view that prenatal experience may
be related to the risk of affective disorders.

Limitations

A discussion of several important limitations inherent
in studies of the Dutch famine cohort may be found
in Susser & Lin (1992). These include: (a) the
ascertainment of the population at risk, (b) the
ascertainment of cases, (c) the reliability of diagnosis,
(d) the degree of food deprivation, (e) the control
of coincident factors, (f) the use of group v.
individual data, and (g) the control of social class.
We note here two additional limitations. Firstly, it
is possible that second trimester famine exposure may
not increase the risk of affective psychosis per se but
only increase the duration or severity of affective
episodes in men, thereby increasing the likelihood
of hospitalisation. Secondly, prenatal malnutrition
might also enhance the chronicity or delay the age
of onset of episodes in men, thus enhancing the
probability of a psychiatric hospitalisation after 1978.

It should be noted that Susser & Lin (1992)
reported a non-significant trend toward increased
risk of schizophrenia in famine-exposed birth cohorts
in the northern and southern regions of Holland. The
small numbers of hospitalised psychiatric cases in
these regions precluded a useful analysis of the data;
in the present study, however, available cases do not
indicate any increased risk of affective psychosis or
neurotic depression after famine exposure (results
available on request).
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