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Objective: The authors assessed the effects of nutritional defi-

ciency during the first trimester of pregnancy on brain mor-
phology in patients with schizophrenia.

Method: Nine schizophrenic patients and nine healthy com-
parison subjects exposed during the first trimester of gestation
to the Dutch Hunger Winter were evaluated with magnetic res-
onance brain imaging, as were nine schizophrenic patients and
nine healthy subjects who were not prenatally exposed to the
famine.

Results: Prenatal famine exposure in patients with schizophre-
nia was associated with decreased intracranial volume. Prena-
tal Hunger Winter exposure alone was related to an increase in
brain abnormalities, predominantly white matter hyperintensi-
ties.

Conclusions: Nutritional deficiency during the first trimester
of gestation resulted in an increase in clinical brain abnormali-
ties and was associated with aberrant early brain development
in patients with schizophrenia. Stunted brain development sec-
ondary to factors that affect brain growth during the first tri-
mester of gestation may thus be a potential risk factor for devel-
oping schizophrenia.

(Am ] Psychiatry 2000; 157:1170-1172)

Exposure to nutritional deficiency during fetal life
may be a risk factor for developing schizophrenia. A rela-
tion with nutritional deficiency has been suggested by a
twofold increase in the incidence of schizophrenia in a
birth cohort in which the first 2 months of fetal develop-
ment occurred between February and April 1945 (1).
These months at the end of World War II corresponded
with the most severe period of the Dutch Hunger Winter.
Moreover, prenatal exposure to famine during the first tri-
mester has been reported to result in an increase in the
prevalence of central nervous system anomalies (2).

The subtle brain abnormalities found in schizophrenia
have been attributed to neurodevelopmental factors that
occur early in life (3). However, it is not known whether
prenatal events contribute to structural brain abnormali-
ties in schizophrenia. We tested the hypothesis that first-
trimester exposure to the Dutch Hunger Winter was asso-
ciated with specific brain abnormalities in schizophrenia.

Method

Five male and four female patients with schizophrenia com-
pleted the magnetic resonance imaging (MRI) procedure and in-
terviews. The patients had been admitted for schizophrenia at
least once between 1970 and 1992. They were born between Octo-
ber 15 and December 31, 1945, and were thus exposed to the most
severe period of the Dutch Hunger Winter during their first tri-
mester of gestation. Despite profound efforts to trace and include
all 27 patients from a previous report (1), these nine schizo-
phrenic patients with prenatal famine exposure were those ulti-
mately assessed for this study. Their mothers had been exposed to
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very low food rations from February to April 1945 (4). The pres-
ence of DSM-IV schizophrenia was determined by using the
Comprehensive Assessment of Symptoms and History (5) and the
Schedule for Affective Disorders and Schizophrenia—Lifetime
Version (6), which were administered by a psychiatrist or psychol-
ogist. Subjects with DSM-IV-defined alcohol and drug abuse or
dependence were excluded. Five male and four female healthy
subjects who met the same criteria for prenatal exposure to the
Dutch Hunger Winter as the schizophrenic patients were re-
cruited by advertisements in national newspapers. For compari-
son, seven male and two female patients with schizophrenia and
seven male and two female healthy subjects, all with no prenatal
exposure during the first trimester of gestation to the Dutch Hun-
ger Winter (i.e., born between October 15 and December 31 dur-
ing the years 1941-1944 or 1946-1949), underwent the same pro-
cedure. The four groups did not differ with respect to age (F=0.95,
df=3, 32, p=0.43) or years of parental education (F=2.26, df=3, 26,
p=0.11) (Table 1). All subjects provided written informed consent
before participation.

Magnetic resonance images of the whole head were acquired
on a Philips NT scanner operating at 1.5 T. A T1-weighted coronal
three-dimensional fast field echo (TE=4.6 msec, TR=30 msec, flip
angle=30°, field of view=256 x 256 mm?, thickness=1.2 mm) and a
T,-weighted coronal dual echo turbo spin echo (TE;=14 msec,
TE»=80 msec, TR=6350 msec, field of view=256 x 256 mm?, thick-
ness=1.6 mm) were used for the quantitative measurements. A
T»-weighted axial dual echo turbo spin echo (TE1=9 msec, TEz=
100 msec, TR=2200 msec, field of view=250 x 250 mm?, thickness=
5.0 mm, gap=1.2 mm) was acquired for clinical neurodiagnostic
consensus evaluation of brain abnormalities (e.g., focal white
matter hyperintensities and lacunar infarcts but excluding brain
atrophy) performed by two neuroradiologists.

Postprocessing was done on Hewlett Packard 9000 series
workstations. Images were coded, transformed into Talairach
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TABLE 1. Demographic and Morphological Findings in 18 Schizophrenic Patients and 18 Healthy Comparison Subjects

With or Without Prenatal Exposure to the Dutch Hunger Winter

BRIEF REPORTS

Subjects With Prenatal Exposure

to the Dutch Hunger Winter

Subjects With No Prenatal Exposure

to the Dutch Hunger Winter

Patients With
Schizophrenia (N=9)

Healthy Comparison
Subjects (N=9)

Patients With
Schizophrenia (N=9)

Healthy Comparison
Subjects (N=9)

Characteristic Mean SD Mean SD Mean SD Mean SD
Age (years) 50.59 1.02 50.90 0.05 51.06 2.73 52.11 2.86
Parental education (years) 9.00 4.80 8.50 2.98 11.22 3.11 12.25 2.55
Length of cavum septum pellucidum

(anterior-posterior, in mm)?2 1.12 0.40 0.69 0.48 2.64 2.73 1.54 0.97
Intracranial volume (cm3) 1463.29 123.79 1564.81 160.46 1572.91 122.87 1460.98 81.85
Total brain volume (Cm3) 1236.61 106.07 1295.15 101.76 1268.97 95.34 1214.01 76.16
Total cerebellar volume (cm?3) 137.57 9.14 141.60 10.48 141.32 16.29 141.36 8.89
Gray matter cerebrum (cm3)

Left 296.37 30.37 319.34 24.44 305.41 21.13 287.87 20.11

Right 295.64 30.14 318.10 22.29 303.54 21.79 286.35 20.14
White matter cerebrum (cm?3)

Left 244.70 20.35 24943 31.36 248.34 30.18 239.68 31.65

Right 248.73 23.99 254.47 30.68 256.24 30.91 245.74 27.91
Lateral ventricle (cm3)

Left 12.21 4.21 11.58 6.46 16.36 11.33 9.67 5.29

Right 11.07 4.37 9.52 4.88 16.58 4.29 9.12 5.14
Third ventricle (cm3) 1.38 0.51 1.30 0.81 1.72 0.97 0.99 0.43

2 N=3 for the exposed schizophrenic patients, N=4 for the exposed healthy subjects, N=3 for the nonexposed schizophrenic patients, and N=

5 for the nonexposed healthy subjects.

frame, and corrected for scanner nonuniformity (7). The inci-
dence (interrater reliability kappa=0.83) and length (intraclass
correlation coefficient=0.86) of the cavum septum pellucidum
was determined with the three-dimensional fast field echo. Brain
region volumes were segmented with the use of fully automated
computer programs on the basis of histogram analyses, mathe-
matical morphological operations for the dual echo turbo spin
echo (intracranial volume) and three-dimensional fast field echo
(other structures), and by (automatic) anatomical decision rules
(ventricles and cerebellum) that used the foramen magnum as
inferior boundary. All images were checked after the measure-
ments and corrected manually if necessary. High interrater reli-
ability, determined from measurements of 10 brains, was found
for intracranial volume (0.99) and the volume measures for total
brain (0.99), cerebellum (0.95), lateral ventricles (0.99), and the
third ventricle (0.95).

Analysis of variance was performed for intracranial volume,
and repeated measures analysis of covariance was performed for
total brain, cerebellum, gray and white cerebral matter, and lat-
eral and third ventricle volumes. Group (schizophrenic patients,
healthy subjects) and prenatal Hunger Winter exposure (ex-
posed, not exposed) were between-subject factors and, if appli-
cable, side (left, right) and matter (gray, white) were within-sub-
ject factors, with intracranial volume as covariant. Effects of
prenatal Hunger Winter exposure or group on the incidence and
length of cavum septum pellucidum were evaluated by using
chi-square analysis and Mann-Whitney U nonparametric tests
(corrected for ties). Incidences of brain abnormalities deter-
mined during the neurodiagnostic exam were evaluated by using
one-tailed Fisher’s exact tests.

Results

Among the subjects with prenatal Hunger Winter expo-
sure, brain abnormalities were found in four of the schizo-
phrenic patients and two of the healthy subjects. Of those
without prenatal Hunger Winter exposure, none of the
schizophrenic patients and one healthy subject had such ab-
normalities. Analysis revealed an effect of prenatal Hunger
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Winter exposure (p=0.04, Fisher’s exact test) but not of
schizophrenia (p=0.50, Fisher’s exact test) on the incidence of
brain abnormalities, of which five included focal white mat-
ter hyperintensities. No group or exposure effects were found
for the incidence or length of cavum septum pellucidum.

Morphological results are shown in (Table 1). There were
no main effects of Hunger Winter exposure or group for
intracranial volume. An interaction effect of schizophrenia
with prenatal Hunger Winter exposure for intracranial vol-
ume was found (F=6.52, df=1, 32, p=0.02). The mean intra-
cranial volume of schizophrenic patients with prenatal
famine exposure was smaller than that of schizophrenic pa-
tients without such exposure. In addition, the intracranial
volume of healthy subjects with prenatal famine exposure
was larger than that of healthy patients without such expo-
sure. No main effects of prenatal Hunger Winter exposure or
schizophrenia for total brain volume were revealed. There
were no interaction effects with matter and side. Cerebellar,
lateral, and third ventricular volume did not show effects. Fi-
nally, there was no effect of sex on the incidence of brain ab-
normalities or on the interaction effect of schizophrenia
with Hunger Winter exposure for intracranial volume.

Discussion

This study found that exposure during the first trimes-
ter of fetal development to the Dutch Hunger Winter of
1945 was associated with an increase in the incidence of
brain abnormalities, in particular of focal white matter
hyperintensities. Moreover, in patients with schizophre-
nia, prenatal Hunger Winter exposure was associated
with decreased intracranial volume.

The increased incidence of brain abnormalities in schizo-
phrenic patients with prenatal famine exposure suggests
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that environmental factors that influence early brain devel-
opment increase the risk for white matter hyperintensities
and other focal brain abnormalities. Although white matter
hyperintensities were also found in healthy subjects with
prenatal famine exposure, these abnormalities may none-
theless be related to schizophrenia (i.e., more common in
exposed patients), since statistical power was insufficient
to assess an interaction between exposure and schizo-
phrenia. Although the precise pathophysiology of white
matter hyperintensities is unknown, white matter hyper-
intensities have been related to an inadequate supply of
nutrients necessary to sustain and replace normally ca-
tabolized myelin, with loss of myelin leading to reactive
gliosis (8). Moreover, prenatal micronutrient deficiencies,
probably implicated in the Hunger Winter (9), have been
reported to cause defects of the central nervous system
(10). The white matter hyperintensities in the schizo-
phrenic patients and healthy subjects with prenatal fam-
ine exposure could therefore conceivably be the result of
nutritional deficiency early in (fetal) life.

The finding that intracranial volume was decreased in
patients with schizophrenia who had been exposed to the
Hunger Winter as compared to schizophrenic patients
without such exposure suggests that stunted early brain
development may be a risk factor for developing schizo-
phrenia, since early in (fetal) life intracranial volume is
largely dependent on brain growth (11). This neurodevel-
opmental aberration could be a result of an interaction
between a genetic predisposition and environmental fac-
tors. Specifically, one could hypothesize that the genetic
predisposition is either expressed or elicited by prenatal
nutritional deficiencies. An interaction between prenatal
Hunger Winter exposure and genetic risk appears plausi-
ble, since schizophrenic patients without prenatal Hunger
Winter exposure (but assumed to carry genes that increase
the risk of schizophrenia) failed in this study to show a de-
creased intracranial volume. Indeed, multiple risk factors
appear to be implicated in schizophrenia that result in de-
creased intracranial volumes in some, but not all, schizo-
phrenic patients.

There are a number of qualifications to add to our con-
clusions. Factors not related to nutrition such as psycho-
social stressors may have contributed to the aberrant
brain development in subjects with prenatal famine expo-
sure. However, it is unlikely that psychosocial stressors ex-
plain the findings, since psychosocial stressors played a
role throughout World War II (12) and were not limited to
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the circumstances during the Dutch Hunger Winter.
Moreover, the results have to be considered as prelimi-
nary, since only a limited number of individuals with pre-
natal famine exposure could eventually be included in the
MRI study, which restricted its statistical power.
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