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Objective: The authors examined in an
epidemiologic sample the contributions
of genetic predisposition and history of
fetal hypoxia to hippocampal volume in
patients with psychosis.

Method: High-resolution magnetic reso-
nance imaging was used to measure hip-
pocampal volumes in 72 psychotic pro-
bands (60 with schizophrenia and 12 with
schizoaffective disorder, ascertained so as
to be representative of all such probands in
a Helsinki birth cohort), 58 nonpsychotic
full siblings of the probands, and 53 demo-
graphically similar healthy comparison sub-
jects with no family history of psychosis.

Results: Hippocampal volume differ-
ences occurred in a stepwise fashion with
each increase in genetic load for schizo-
phrenia. The probands had smaller hip-
pocampal volumes than did their full

siblings, who in turn had smaller hippo-
campal volumes than did the healthy com-
parison subjects. Among the probands,
smaller hippocampal volumes were seen
in those who experienced fetal hypoxia
than in those who did not, a difference not
noted within the other two groups. Finally,
within the schizophrenic/schizoaffective
disorder patients, smaller hippocampal
volumes correlated positively with age at
onset independent of duration of illness.

Conclusions: These findings suggest that
in patients with schizophrenia spectrum
disorders, hippocampal volume is influ-
enced in part by schizophrenia susceptibil-
ity genes and an interaction of these genes
with fetal hypoxia. They further suggest
that hippocampal volume in schizophre-
nia or schizoaffective disorder may be
linked to time of disease onset.

(Am J Psychiatry 2002; 159:1514–1520)

Several studies have examined the contributions of ge-
netic and environmental factors to hippocampal volumes
in patients with schizophrenia by using structural mag-
netic resonance imaging (MRI). Genetic etiological influ-
ences are suggested by findings of higher intraclass corre-
lations in discordant monozygotic than in dizygotic twins
(1) and smaller volumes relative to healthy comparison
subjects in both adolescents at genetic risk for schizophre-
nia (2–4) and in unaffected siblings of schizophrenic pa-
tients (5, 6). A role for nongenetic etiological influences is
suggested by findings of smaller volumes in the affected
compared with the unaffected co-twin of monozygotic
twins discordant for schizophrenia (7, 8).

While predisposing genes have yet to be identified, ob-
stetric complications, in particular those associated with
fetal hypoxia, are among the strongest environmental risk
factors for schizophrenia (9). To date, two MRI studies
have examined the relationship of obstetric complications
with hippocampal volumes in patients with schizophre-
nia. Stefanis and colleagues (10) found smaller hippocam-
pal volumes in schizophrenic patients with a history of
pregnancy and birth complications but not in patients
from multiply affected families. McNeil and colleagues (8)

found that the intrapair differences in rostral hippocam-
pal volumes between monozygotic twins discordant for
schizophrenia were related to higher rates of obstetric
complications. While these results are encouraging, ob-
stetric complications were assessed retrospectively in
both studies through maternal interview, which is not
considered as reliable as prospective assessment (11, 12).

One question that has yet to be addressed is whether ge-
netic and obstetric influences on hippocampal volumes in
schizophrenia are independent, additive, or interactive.
No prior study has had access to hippocampal volume
data on subjects at multiple levels of genetic predisposi-
tion for schizophrenia and data on obstetric complica-
tions within the same sample. Mednick (13) was the first to
suggest a possible interaction between predisposing
genes and fetal hypoxia in the etiology of schizophrenia,
specifically implicating the hippocampus. More recently,
Lipska and Weinberger (14) showed that spontaneous and
amphetamine-induced behavioral effects of neonatal hip-
pocampal lesions in rats (hyperlocomotion) were specific
to strain and lesion size, suggesting that the degree of ge-
netic predisposition and the extent of neonatally induced
hippocampal lesions contribute to a pattern of behavioral
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outcome in adolescent rats that mimics that of schizo-
phrenic patients.

There is growing evidence that fetal hypoxia predicts
early-onset schizophrenia (15–17) and that adolescent-
onset schizophrenic patients perform worse than adult-
onset patients on cognitive functions involving the hippo-
campus, such as remote memory (18) and recent memory
and executive functions (19). Several postmortem and
MRI studies have reported positive correlations between
hippocampal volume and age at onset (10, 20, 21).

On the basis of these findings, our first hypothesis was
that consistent with genetic influences on hippocampal
volumes, the hippocampal volumes of probands would be
smaller than those of their full siblings, which in turn
would be smaller than those of healthy comparison sub-
jects. Our second hypothesis was that genetic predisposi-
tion and a history of fetal hypoxia would interact in pre-
dicting hippocampal volume, i.e., fetal hypoxia would
have a larger effect in a group at high genetic risk for
schizophrenia than in those at low genetic risk. Third, con-
sistent with this role of nongenetic influences on hippo-
campal volumes, we hypothesized that the intraclass cor-
relations of discordant sibling pairs would be smaller than
those of healthy sibling pairs. Our final hypothesis was
that hippocampal volumes in patients would relate posi-
tively to age at onset.

Method

Subject Ascertainment

The participants were selected by searching the Finnish Popu-
lation Register for all individuals born in Helsinki in 1955 (N=
7,840) and all of their first-degree relatives (N=26,273, consisting
of 12,796 siblings and 13,477 parents). This cohort was screened
for a history of psychiatric treatment through national computer-

ized databases that used methods previously described (22, 23),
and potential probands were selected at random from this pool.
Eligibility was restricted to probands with a lifetime DSM-III-R di-
agnosis of schizophrenia or schizoaffective disorder, two disor-
ders with known common familial predisposition (24). Approxi-
mately 75% (80 probands) of those approached provided written
informed consent and met inclusion criteria. An attempt was
made to recruit at least one nonschizophrenic sibling of each
studied proband, but this was possible for only 62 of the 80 cases.
Healthy comparison subjects (N=28 sibling pairs) were chosen
from the same birth cohort to match probands and their siblings
on demographic variables; those with a personal or family history
of psychiatric treatment were excluded. High-resolution MRI
scans were obtained for 75 patients, 60 siblings, and 53 healthy
comparison subjects. Technical problems with the MRI scans ex-
cluded five subjects (three probands, two siblings) from group
analysis, leaving 72 probands (60 with schizophrenia and 12 with
schizoaffective disorder), 58 siblings, and 53 healthy comparison
subjects from which were formed 60 illness-discordant and 25
unaffected sibling pairs from 45 and 25 independent families,
respectively.

Diagnostic Evaluation

All subjects were interviewed by using the Structured Clinical
Interview for DSM-III-R (SCID), patient and nonpatient editions
(25). Siblings and healthy comparison subjects were also inter-
viewed and rated on the cluster A items from the Personality Dis-
orders Examination (26). Diagnostic reliability was excellent
(mean kappa=0.94, SD=0.02) (27). Final diagnoses were made by
consensus among three independent raters. Age at onset was de-
fined according to SCID criteria as the age at first psychotic symp-
toms (25). The groups of patients, siblings, and healthy compari-
son subjects were balanced in terms of major demographic
variables (Table 1).

Obstetric Records

A standard form was used to code information on maternal
health, fetal monitoring, prenatal and perinatal complications,
and neonatal conditions from the original antenatal clinic and
obstetric hospital records by a worker blind to diagnosis and im-
aging results. Fetal hypoxia was scored as present if the subject

TABLE 1. Demographic and Clinical Characteristics of Probands With Schizophrenia or Schizoaffective Disorder, Their
Unaffected Siblings, and Healthy Comparison Subjects With No Family History of Psychosis

Characteristic Probands (N=72)
Unaffected Siblings 

(N=58)
Healthy Comparison 

Subjects (N=53) Analysis

Mean SD Mean SD Mean SD F (df=2, 180) p

Age (years) 40.2 5.4 40.7 5.9 40.9 3.1 0.4 0.71
Age at onset (years) 21.4 5.1
Total brain volume (ml) 1285 148 1266 128 1292 129 0.6 0.57
Parental social classa 3.3 1.5 3.4 1.5 3.6 1.3 0.8 0.46
Nuclear family size (parents plus children) 5.2 1.7 5.8 2.1 5.1 1.2 1.6 0.20

N % N % N % χ2 (df=2) p

Male 39 54 25 43 24 45 1.8 0.40
Right-handed 64 89 55 95 47 89 2.4 0.30
Substance disorder 21 29 8 14 14 26 4.7 0.10
Other axis I disorder — — 12 21 12 23 0.0 0.85
Cluster A personality disorder — — 6 10 0 0 5.9 0.02
Maternal infection 5 7 2 3 2 4 1.1 0.60
Premature (≥2 weeks) 27 38 24 41 16 30 1.5 0.46
Small for gestational age 10 14 6 10 5 9 0.2 0.89
Fetal hypoxia 0.0 1.00

Yes 15 23 12 24 12 24
No 49 77 39 76 39 76

a Determined with the Rahaula Scale (28) (range=1–7).
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was coded as blue at birth or neonatally or had two or more com-
plications that were significantly related to birth or neonatal as-
phyxia in the overall sample: umbilical cord knotted or wrapped
tightly around neck, placental infarcts, third trimester bleeding,
preeclampsia, maternal anemia or anorexia during pregnancy, fe-
tal heart rate/rhythm deviations, breech presentation, and pre-
mature (≥2 weeks) birth. Details of the scale derivation and its val-
idation in predicting early-onset schizophrenia have previously
been established (16).

Imaging Procedures

Acquisition. MRIs were acquired on a 1.5-T scanner (Siemens
Medical Systems, Iselin, N.J.) in the Department of Radiology,
University of Helsinki by using a standard MPRAGE sequence
(TR=10 msec, TE=4 msec, flip angle=12°, and no interslice gap).
The matrix size was 256×256×128 pixels, corresponding to a field
of view of 25 cm2 and a resolution of 0.98×0.98×1.3 mm.

Segmentation and reslicing. After deleting nonbrain voxels
(23), images were segmented into gray matter, white matter, and
CSF by using an adaptive, three-dimensional, Bayesian algorithm
(29), previously validated for this purpose (30). In order to control
for differences in head tilt during acquisition, images were
resliced parallel to the anterior commissure-posterior commis-
sure plane by using methods previously described (23) and saved
in sagittal and coronal views.

Anatomical tracings. The tracing method was developed by
two of the authors (P.A.S. and T.G.M.v.E.) and is depicted in Figure
1. Hippocampi were outlined in the sagittal and coronal views,
and the drawings were projected onto their coronal and sagittal
views, respectively, in order to examine coherence. On the basis of
these projections, a protocol was established for tracing the
hippocampus in the sagittal view. Dr. Arnold B. Scheibel, an emi-

nent neuroanatomist at the UCLA Brain Research Institute with
specific expertise in hippocampal anatomic abnormalities in
schizophrenia (31), examined the protocol and approved the de-
lineation. The hippocampal volume measures included the cornu
Ammonis, the gyrus dentatus, the presubiculum, and the subicu-
lum proper. Tracings were performed blind to diagnosis, birth
history, hemisphere, and orientation (neurological-radiological).
Volume counts included only gray matter voxels in the region of
interest. Interrater and intrarater reliabilities based on 10 cases
were excellent (>0.95).

Statistical Analyses

The data were analyzed by using the general linear mixed
model with repeated measures (SAS 6.12 [SAS Institute, Cary,
N.C.]). We corrected for dependency (i.e., correlation) among
multiple observations from the same family (i.e., siblings) by
treating family as a random variable (32) and adjusting the model
error terms accordingly. Degrees of freedom were estimated from
the data by using the Satterthwaite option. We tested the hypoth-
esis that genetic risk for schizophrenia would be associated with
smaller hippocampal volume by modeling risk group (proband,
sibling, healthy comparison) as a fixed-effect predictor while co-
varying for age at examination, history of substance disorder,
gender, the interaction of group with history of substance disor-
der and with gender, and total brain volume (33). To test for pos-
sible differences in overall or between-group laterality, hemi-
sphere and group-by-hemisphere were entered into the model as
a within-subject repeated-measures factor and an interaction
term, respectively. Significant main effects were followed up with
one-tailed t tests.

We tested the hypothesis that a history of fetal hypoxia would
be more strongly associated with smaller hippocampal volume in
the presence of genetic susceptibility to schizophrenia by model-

FIGURE 1. Delineation of the Hippocampusa

a Tracing began on the slice in the most lateral extent of the ventricular temporal horn on which the hippocampus was first visible (part A). In
part B, the outline represents the inferior border (determined by drawing a line through the white matter separating the hippocampus from
the parahippocampal and fusiform gyri), superior border (determined by drawing a line through the the alveus separating the hippocampus
from the lateral ventricles), and the posterior border (determined by following the structure to its furthest posterior extent). More medially
(part C), the anterior hippocampus was separated from the amygdala by a thin line of white matter between the two structures (left arrow).
The medial border was determined by the last slice on which the hippocampus was clearly distinct from the amygdala. This roughly corre-
sponds to the second slice medial to where the parahippocampal gyrus separates (right arrow) or two slices lateral to where the midbrain
forms in the temporal horn of the lateral ventricle. The top row images are the same sagittal views presented without the tracing.

A B C
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ing hypoxia group, risk group (probands, siblings, and healthy
comparison subjects as well as probands versus nonprobands)
and the risk group-by-hypoxia group interaction as fixed-effect
predictors, followed by planned one-tailed t tests that compared
subjects with and without a history of fetal hypoxia by risk group.
Age at scan, gender, history of substance disorder, and total brain
volume were entered as covariates. The significance of each pre-
dictor was tested while accounting for all other model terms si-
multaneously.

Intraclass correlations (ICCs) and their confidence intervals for
sibling pairs discordant for schizophrenia or schizoaffective dis-
order and unaffected sibling pairs were calculated and compared
by using one-tailed t tests. The relationship with age at onset was
examined by using a mixed-model regression analysis with age at
onset as a continuous predictor and gender, age at scan, sub-
stance disorder, total brain volume, and duration of illness en-
tered as covariates, followed by a one-tailed t test on the slope
estimate.

Results

Group Differences

As seen in Figure 2, the group-wise analysis showed sig-
nificant effects for risk group (F=9.49, df=2, 117, p=0.0002)
and hemisphere (F=24.06, df=1, 177, p=0.0001), but there
were no significant interactions of risk group with hemi-
sphere, gender, or substance abuse in predicting hippo-
campal volume. Apart from total brain volume (F=17.34,
df=1, 105, p=0.0001), none of the covariates significantly
predicted left or right hippocampal volumes. Apart from
gender, which showed a significant main effect (F=8.50, df=
1, 108, p<0.005) driven by larger hippocampi in men than
in women, none of the model terms changed when analy-
ses were run excluding total brain volume as a covariate.

On the basis of the foregoing, contrast analyses were
performed on total hippocampal volumes, modeling the

data without the nonsignificant interaction terms. The to-
tal hippocampal volume of the probands with schizophre-
nia or schizoaffective disorder was significantly smaller
than that of their healthy full siblings (t=2.17, df=117,
p<0.02) and healthy subjects (t=5.24, df=117, p=0.00005),
and the total hippocampal volume of the unaffected sib-
lings was significantly smaller than that of healthy com-
parison subjects (t=3.15, df=118, p=0.001).

Relationship With Fetal Hypoxia

The analysis examining the relationship with hypoxia
did not show a significant main effect for hypoxia (F=0.20,
df=1, 156, p=0.66) nor a significant group-by-hypoxia inter-
action (F=1.91, df=2, 145, p=0.15). However, the planned
contrasts did show a significant effect for hypoxia in the
predicted direction within the proband group (t=1.88, df=
155, p=0.03), with smaller hippocampal volume seen in
the patients exposed compared with those not exposed to
fetal hypoxia. This pattern suggests that hypoxia may have
only influenced the probands’ hippocampal volumes and
that the analyses lacked the power to detect this. Subse-
quent analyses to increase power, comparing probands
with and without hypoxia to healthy subjects (unaffected
siblings and comparison subjects combined) with and
without hypoxia (depicted in Figure 3), showed a margin-
ally significant group-by-hypoxia interaction (F=3.79, df=
1, 138, p=0.054). Contrast analyses indicated that this in-
teraction was driven by a small effect of hypoxia in the
proband group (t=1.81, df=154, p<0.04, effect size=0.23)
but not in the combined group of unaffected siblings and
healthy comparison subjects (t=–0.72, df=151, p=0.24).

Additional analyses to corroborate these findings that
compared the relation of fetal hypoxia to hippocampal
volume differences between the probands and their unaf-

FIGURE 2. Hippocampal Volumes in Probands With Schizo-
phrenia or Schizoaffective Disorder, Their Unaffected Sib-
lings, and Healthy Comparison Subjects With No Family
History of Psychosis
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FIGURE 3. Relation of Fetal Hypoxia to Hippocampal Vol-
umes in Probands With Schizophrenia or Schizoaffective
Disorder and in Unaffected Subjects
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fected siblings showed a marginally significant main effect
for hypoxia group (F=3.36, df=1, 46, p=0.07) independent
of age, gender, and total brain volume (Figure 4). Also, the
mean difference volume for the patients with hypoxia was
significantly smaller than 0 (t=–2.11, df=46, p=0.02), while
the mean difference volume for patients without hypoxia
was not (t=0.06, df=46, p=0.48).

Intraclass Correlations

One-tailed t tests that compared correlations in hippo-
campal volume (raw and after correction for total brain
volume) between sibling pairs discordant for schizophre-
nia or schizoaffective disorder and unaffected sibling pairs
showed that the healthy sibling pairs had significantly
higher ICCs than did the illness-discordant pairs (Table 2).

Relationship With Onset

Age at onset significantly predicted total hippocampal
volume (t=1.78, df=63, p=0.03; slope=0.05, SE=0.027) inde-
pendently of gender, age at scan, substance disorder, total
brain volume, and duration of illness. These results indi-
cate that the probands with smaller hippocampal volumes
were likely to have experienced an earlier onset of schizo-
phrenia or schizoaffective disorder than those probands
with larger hippocampal volumes.

Discussion

The principal findings of this study were that 1) hippo-
campal volume differences occurred in a stepwise fashion
with each increase in genetic predisposition to schizo-
phrenia, and 2) the hippocampal volumes of probands ex-
posed to fetal hypoxia were smaller than of those unex-
posed, while no such relationship was observed within the

healthy groups (i.e., unaffected siblings or unrelated com-
parison subjects).

We interpret the stepwise decrease in hippocampal
volumes with increased genetic predisposition to suggest
that disease genes contribute to smaller hippocampal
volume reductions in patients with schizophrenia or schizo-
affective disorder. Shared environmental factors are less
likely to account for a substantial amount of the variance
in hippocampal volumes, since twin and adoption studies
have shown that shared genes and unique environmental
factors, rather than shared biological or familial environ-
ments, underlie the higher risk for schizophrenia (22).
Apart from one study that reported a null finding (34), our
findings are consistent with previous studies that show
smaller hippocampal volumes in genetically predisposed
individuals relative to comparison subjects (1–6).

We specifically examined the relationship between fetal
hypoxia and hippocampal volume at multiple levels of ge-
netic predisposition in an attempt to dissociate models on
the mode of action of genes and fetal hypoxia in patients
with schizophrenia or schizoaffective disorder. We inter-
pret our finding of smaller hippocampal volumes in pro-
bands with fetal hypoxia than in probands without fetal
hypoxia (whereas no such relationship was evident within
siblings or comparison subjects) as evidence for the inter-
action model. This is consistent with our previous report
of a significant relationship between fetal hypoxia and
ventricular volumes in the patients only (35) and may sug-
gest that this vulnerability is polygenic in origin and, as
such, less likely to occur in unaffected siblings who share
on average 50% of the disease genes.

It is important to note that the frequency of hypoxia-re-
lated insults was the same across all three groups, which
rules out the gene-environment covariation model in
which an increase in genetic predisposition would predict
an increase in the number of hypoxic events. Since it is im-
probable that the hypoxic events in the probands were of a

FIGURE 4. Relation of Fetal Hypoxia to Hippocampal Vol-
ume Differences Between Probands With Schizophrenia or
Schizoaffective Disorder and Their Unaffected Siblings
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TABLE 2. Hippocampal Volume Correlations Among Sib-
ling Pairs Discordant for Schizophrenia or Schizoaffective
Disorder and Among Unaffected Sibling Pairs

Regional Volume

Discordant Sibling 
Pairs (N=60)

Unaffected Sibling 
Pairs (N=25)

tICC CI ICC CI
Hippocampus, 

raw
Left –0.01 –0.26 to 0.24 0.54 0.20 to 0.77 3.32*
Right –0.08 –0.32 to 0.18 0.47 0.10 to 0.72 2.95*
Total –0.03 –0.28 to 0.23 0.53 0.18 to 0.76 3.25*

Total braina 0.39 0.15 to 0.58 0.39 0.01 to 0.67 0.00
Hippocampus, 

after correction 
for total brain 
volumea

Left –0.06 –0.31 to 0.19 0.58 0.26 to 0.79 4.15*
Right –0.06 –0.31 to 0.19 0.50 0.15 to 0.74 3.20*
Total –0.07 –0.31 to 0.19 0.57 0.24 to 0.78 4.01*

a Sibling pairs discordant for schizophrenia or schizoaffective disor-
der: N=59.

*p<0.005.
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larger magnitude than the hypoxic events in the unaf-
fected siblings and comparison subjects, the additive
model is a less likely candidate also. The current results
corroborate earlier findings relating a history of fetal hy-
poxia to brain volumes in schizophrenia (8, 10, 35).

The ICCs for the healthy sibling pairs suggest that hip-
pocampal volumes are largely determined by genetic fac-
tors in the general population, while the ICCs for the dis-
cordant pairs suggest either larger variation in genes or
unique environmental factors that influence hippocam-
pal volumes independently of those that influence total
brain volume. Consistent with recent high-resolution MRI
studies (36–38) and reviews (39, 40), we found smaller left
than right hippocampal volumes in all groups.

Our results favor the two-hit model in that an early
event (fetal hypoxia) has influence on an anatomical re-
gion of the brain, the volume of which is linked to the on-
set of schizophrenia. The results encourage future studies
examining the relationship between fetal hypoxia and
brain abnormalities in schizophrenia and the search for
genes that increase vulnerability to fetal hypoxia.

Strengths of the study include the use of a random rep-
resentative population sample so that the results could be
generalized to the population; availability of probands’
relatives and comparison subjects so that competing etio-
logic models of hippocampal abnormalities could be
compared; availability of discordant and healthy sibling
pairs so that intraclass correlations could be compared di-
rectly; prospective gathering of pregnancy and birth com-
plications from the original pregnancy and birth records;
use of high-resolution images to make the measurements;
high reliabilities achieved on the measurements; and the
blind presentation of the images (neurological/radiologi-
cal) during data collection so that potential rater or other
orientation biases were eliminated in examination of the
hemispheric asymmetries.

Several weaknesses of the study must also be noted.
Since the data are correlational in nature, we cannot ex-
clude the possibility that a confounding factor relating to
onset may be responsible for the observed relationship
between fetal hypoxia and smaller hippocampal volume.
Unlike the cortical findings (35), the relationship between
hypoxia and hippocampal volume differences between
probands and their unaffected siblings did not remain sig-
nificant after covarying for age at onset (F=1.07, df=1, 44,
p=0.30). However, this type of analysis runs the risk of
“throwing away the baby with the bath water,” especially
since hippocampal volumes also predict age at onset. Sec-
ond, the measurements only reflect hippocampal vol-
umes, and it is possible that there are also regional shape
changes, in particular in the Sommer’s sector. Third, the
relationship of fetal hypoxia and hippocampal volume
was examined on average 40 years after the presumed hy-
poxic insults took place. A more sensitive approach may
be to examine the relationship of fetal hypoxia and hip-
pocampal volume in at-risk neonates, children, or adoles-

cents, since other processes that influence hippocampal
volumes, such as stress and synaptic pruning, may not
have had time yet to exert such a large influence.
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