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Objective: Although case-control inves-
tigations have shown an association
between obstetric complications and
schizophrenia, particularly among pa-
tients with early onsets, cohort studies
have mostly failed to confirm this effect.
The authors examined whether a history
of fetal hypoxia and other obstetric com-
plications elevated risk for early-onset
schizophrenia in a 1955 Helsinki birth
cohort.

Method: The subjects were 80 ran-
domly selected patients with schizo-
phrenia (36 with early and 44 with later
onsets) representative of all available
probands in the cohort, 61 of their non-
schizophrenic siblings, and 56 demo-
graphically matched nonpsychiatric
comparison subjects. Psychiatric diag-
noses were obtained from structured
clinical interviews, and obstetric data
were taken from standardized, prospec-

tively ascertained obstetric records. A
score for hypoxia-associated obstetric
complications was entered into logistic
regression models, along with measures
of prenatal infection and fetal growth
retardation.

Results: Hypoxia-associated obstetric
complications significantly increased the
odds of early-onset schizophrenia but
not of later-onset schizophrenia or unaf-
fected sibling status, after prenatal infec-
tion and fetal growth retardation were
taken into account.

Conclusions: These findings support an
association between obstetric complica-
tions and increased risk for early-onset
schizophrenia. The authors advance a
model whereby the neurotoxic effects of
fetal hypoxia may lead to an early onset
of schizophrenia due to premature corti-
cal synaptic pruning.

(Am J Psychiatry 2000; 157:801-807)

O bstetric complications have been found to be asso-
ciated with schizophrenia in numerous studies involving
many different types of samples, including patients with
childhood-onset schizophrenia (1, 2), siblings (3-5) and
twins (6-8) discordant for schizophrenia, adopted individ-
uals with schizophrenia (9), offspring of schizophrenic
parents (10, 11), adult patients with schizophrenia and
matched comparison subjects (12, 13), and representative
birth cohorts (14-16). However, questions remain as to the
nature of the mechanism(s) underlying this association
and whether obstetric complications are related to a par-
ticular type or course of schizophrenia.

Most prior studies of obstetric complications in schizo-
phrenia used general summary measures of obstetric in-
fluences, making it difficult to determine whether a nar-
row or broad range of neurally disruptive mechanisms is
implicated. When particular types of complications have
been examined, both direct and indirect indicators of fetal
hypoxia have emerged as the strongest predictors, occur-
ring in a larger proportion of patients than either exposure
to infections during gestation or fetal growth retardation
(reviewed in references 17 and 18). Nevertheless, since
these prenatal influences could confer a heightened risk
for oxygen insufficiency, it remains unclear whether the
association of fetal hypoxia with schizophrenia is a direct
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one or is secondary to prenatal influences. To address this
question it is necessary to examine the association of fetal
hypoxia with schizophrenia after controlling for the effects
of earlier obstetric influences statistically.

Because genetic factors play a substantial role in schizo-
phrenia (19), it is also possible that a given obstetric risk
factor is itself a consequence of genetic liability for the dis-
order, in which case the influences of genetic and obstetric
factors on risk for schizophrenia would be confounded.
Family studies provide a basis for examining this question:
if such genotype-environment covariation exists, one
would expect a higher rate of an obstetric factor in the
first-degree relatives of schizophrenic probands than in
the general population. While prior studies have produced
conflicting evidence of fetal growth retardation as a cofa-
milial trait (20, 21), we know of no study thus far that has
found evidence of a higher than normal rate of fetal hy-
poxia in the offspring or siblings of schizophrenic patients
(18). To our knowledge, this issue has not yet been exam-
ined in regard to prenatal exposure to infection.

The association of obstetric complications and schizo-
phrenia is one line of evidence implicating neurodevel-
opmental disturbances in the etiology of the disorder.
Because obstetric complications suggest brain damage
acquired during the pre- or perinatal period, it is reason-
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TABLE 1. Demographic Characteristics of Patients With Early- or Later-Onset Schizophrenia, Nonschizophrenic Siblings,

and Normal Comparison Subjects

Patients With Schizophrenia

Comparison

Early Onset? Later Onset? Siblings Subjects

Characteristic (N=36") (N=44P) (N=61P) (N=56P) Analysis
Mean SD Mean SD Mean SD Mean SD F (df=3)

Age (years) 445 5.4 44.8 5.4 44.8 5.8 43.8 3.2 0.5
Social class® 2.7 1.3 2.8 1.5 2.8 1.5 3.5 1.5 2.4
Number of family members 5.1 1.3 5.2 2.0 5.6 2.1 5.1 1.2 1.4

N % N % N % N % X2 (df=3)
Male 18 50.0 26 59.1 28 459 25 44.6 2.46
First-born 11 355 14 36.0 9 17.6 23 42.6 7.96*
Substance disorder 8 222 14 31.8 9 14.8 14 25.0 4.47
Depression or anxiety disorder 11 18.0 12 21.4 0.21

@ Early and later onset were based on median age at onset for each sex.

b Because not all data were available for every subject, some percentages are based on a smaller number of subjects.

¢ Rauhala scale (30); range=1-7.
*p<0.05.

able to suspect that they are related to a form of schizo-
phrenia positive for other indicators of neurodevelop-
mental compromise, such as delayed motor and cognitive
development, poor premorbid social adjustment, and
early onset. In support of this view, a meta-analysis (22) of
individual patient data from 11 different research groups
that used the Lewis and Murray obstetric complication
scale (23) showed that schizophrenic patients with onsets
before age 22 were about 52% more likely to have a history
of obstetric complications than those with later onsets.

In this study we coded information from the original ob-
stetric hospital records of 80 schizophrenic probands, as-
certained so as to be representative of all such probands in
a Helsinki birth cohort, along with 61 of their nonschizo-
phrenic full siblings and 56 demographically similar com-
parison subjects without a personal or family history of
treated psychiatric illness. On the basis of the foregoing,
we hypothesized that after we controlled for prenatal in-
fection and fetal growth retardation, complications asso-
ciated with fetal hypoxia would predict increased risk for
early-onset schizophrenia but would not be related to risk
for later-onset schizophrenia or to sibling status.

Method

Sample Ascertainment

The study sample was formed by searching the Finnish Popula-
tion Register for all individuals born in Helsinki in 1955 (N=7,840)
and all their first-degree relatives (N=26,273, including 12,796 sib-
lings). The cohort was screened for psychiatric morbidity by
searching national case registries with methods previously de-
scribed (19, 24). A total of 267 (1.3%) members of the offspring of
this population (i.e., cohort members and their siblings) had a
register diagnosis of 295.x (schizophrenia or schizoaffective dis-
order) according to the ICD-8 numbering scheme. Probands were
randomly selected from this pool of 267 and approached initially
through their treating psychiatrists. Those who expressed interest
in participating were contacted by project staff, who provided a
complete description of the study and obtained written informed
consent from all subjects. An attempt was made to recruit at least
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one nonschizophrenic sibling of each studied proband who had
such siblings.

Subjects for whom obstetric records were not available were
excluded, such that 80 probands and 61 unaffected siblings
(forming 61 proband-sibling pairs from 50 independent families)
constituted the study sample. The studied probands were equiva-
lent to the remainder of the proband population in terms of year
of birth, nuclear family size, gender, history of inpatient admis-
sion, history of comorbid substance abuse, and work disability,
but the studied group had a higher mean number of hospital ad-
missions than the nonstudied group (24).

A comparison group of 56 nonschizophrenic subjects (28
sibling pairs from 28 independent families), matched to the
proband-sibling pairs in terms of age, gender, gender concor-
dance/discordance, and social class, was recruited from the same
study population after exclusion of individuals with personal or
family histories of treated psychosis.

Diagnostic Evaluations

All subjects were interviewed with the Structured Clinical In-
terview for DSM-III-R, Patient or Non-Patient edition (SCID) (25).
Any subject with an axis I psychotic condition was also rated with
the Scale for the Assessment of Positive Symptoms (26) and the
Scale for the Assessment of Negative Symptoms (27). All other
subjects were interviewed and rated on the cluster A items from
the Personality Disorder Examination (28). A standard coding
form was used to summarize details of the illness and treatment
history of any subject with a history of inpatient admissions. The
interviewer assigned diagnoses according to DSM-III-R criteria,
using all available information. Clinical case reports were gener-
ated, stripped of identifying information, and independently
evaluated by another diagnostician. The reliability of the primary
diagnosis was excellent (i.e., kappa mean=0.94, SD=0.02) (29). Di-
agnostic disagreements were flagged, and another independent
diagnostician rated those cases for consensus diagnoses. Of the
80 probands studied, 67 were diagnosed with schizophrenia and
13 were diagnosed as having schizoaffective disorder.

Age at onset was defined according to SCID criteria as the age
at first psychotic symptoms (25). The 80 probands had mean age
at first symptoms of 21.3 years (SD=5.2). The male patients were
significantly younger at onset (mean age=20.1 years, SD=4.8)
than the female patients (mean=22.8, SD=5.3) (one-tailed t test:
t=—2.38, df=78, p=0.01). For each gender, the median age at onset
(22 years for females, 19 years for males) delimited the early- and
later-onset cases. Dichotomizing early- and later-onset patients

Am | Psychiatry 157:5, May 2000



ROSSO, CANNON, HUTTUNEN, ET AL.

TABLE 2. Obstetric Characteristics of Patients With Early- or Later-Onset Schizophrenia, Nonschizophrenic Siblings, and

Normal Comparison Subjects

Patients With Schizophrenia

Comparison

Early Onset? Later Onset? Siblings Subjects

Characteristic (N=36P) (N=44Y) (N=61P) (N=56V) Analysis
Mean SD Mean SD Mean SD Mean SD F (df=3)

Birth weight (g)° 3401.5 594.3 3605.0 465.5 3467.4 516.2 3598.1 516.0 1.4
Birth length (cm)© 49.9 2.0 50.5 1.9 50.2 1.9 50.4 2.4 0.5
Placental weight (g)¢ 651.8 107.3 662.3 131.6 635.3 104.5 661.0 110.3 0.5
Placental size (cm2)¢ 3293 81.9 329.9 77.6 328.3 81.1 355.7 91.6 0.7
Head circumference (cm)© 3493 121 352.4 14.5 349.2 12.9 345.0 14.3 0.9
Gestational age (weeks) 37.6 2.7 379 13 37.8 1.9 375 2.5 0.3

N % N % N % N % X2 (df=3)
Fetal growth retardation 7 19.4 8 18.2 14 23.0 7 125 217
Fetal infection 1 6.3 5 20.0 5 16.7 3 5.7 4.84
Birth asphyxiad 8 34.8 3 9.1 7 163 3 6.1 9.36*

@ Early and later onset were based on median age at onset for each sex.
b Because not all obstetric data were available for every subject, some percentages are based on a smaller number of subjects.

¢ Adjusted for gestational age, gender, and social class.

d patients with later-onset schizophrenia, unaffected siblings, and nonpsychiatric comparison subjects were collapsed into an overall
comparison group for analyses of individual hypoxia-associated obstetric complications, as none of the three groups was associated

with hypoxia at the multivariate level. Therefore, df=1.
*p<0.01.

by median age at onset corresponds to the method used in the
aforementioned meta-analysis (22) and was preferred over use of
the upper quartile (225 for females, 222 for males) and lower
quartile (<20 for females, <17 for males) because of the limited
sample sizes.

As shown in Table 1, the schizophrenia, sibling, and compari-
son groups were balanced in terms of age, gender, social class,
family size, and history of substance disorder. The sibling and
comparison groups were also balanced in terms of the percent-
ages with axis I diagnoses of depression or anxiety disorder. The
siblings were significantly less likely to be first-born than were the
normal comparison subjects (x%=7.70, df=1, p=0.01).

Obstetric Records and Variables

A standard form was used to code information on maternal
health, fetal monitoring, prenatal and perinatal complications,
and neonatal conditions from the original prenatal clinic and ob-
stetric hospital records, without knowledge of psychiatric diagno-
sis. Fetal growth retardation was defined as a birth weight below
the 10th percentile for the newborn’s gestational age (31). Prena-
tal infection was coded as either 0 or 1 depending on whether at
least one of the following had been documented during preg-
nancy: influenza, rubella, or any other infection.

A scale for hypoxia-associated obstetric complications com-
prised 11 obstetric complications associated with prenatal, perin-
atal, or neonatal oxygen insufficiency. Two obstetric complica-
tions implicated a near certainty of hypoxia: birth asphyxia and
neonatal cyanosis. Nine obstetric complications significantly re-
lated to birth asphyxia or neonatal cyanosis in the overall sample
were also included in the scale: anorexia during pregnancy, ane-
mia during pregnancy, third-trimester bleeding, preeclampsia,
fetal distress, placental infarcts, breech presentation, prematu-
rity, and an umbilical cord that was knotted or tightly wrapped
around the neck.

Table 2 shows that the patients with early-onset schizophrenia,
patients with later onsets, siblings, and normal comparison sub-
jects did not differ on any measure of intrauterine development.
Controlling for gestational age, gender, and social class confirmed
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the absence of significant differences between groups on fetal
growth measures.

Statistical Analyses

Our primary hypothesis was tested by entering an overall score
for hypoxia-associated obstetric complications into logistic re-
gression models predicting a single, polytomous measure for di-
agnostic outcome by the method of generalized logits (32), a
method that guards against type I error. The outcome measure di-
vided subjects into four groups: patients with early-onset schizo-
phrenia (N=36), patients with later-onset schizophrenia (N=44),
nonschizophrenic siblings of schizophrenic patients (N=61), and
comparison subjects with no psychiatric diagnosis (N=56). The
initial analysis addressed the main effects of gender, parental so-
cial class (Rauhala scale [30], varying from 1 to 7), birth order,
mother’s age, prenatal infection, fetal growth retardation, and hy-
poxia-associated obstetric complications and the two-way inter-
actions of hypoxia and each of the demographic variables. Terms
that failed to reach a probability criterion of p<0.10 were excluded
from the model on subsequent iterations. An adjusted odds ratio
and 95% confidence interval (CI) were determined for each pre-
dictor, contrasting the schizophrenia and sibling groups with the
nonpsychiatric comparison group. This procedure was repeated
with both a prenatal and a perinatal subscale of the scale for hy-
poxia-associated obstetric complications to test the temporal
specificity of the effects of hypoxia. When a significant group ef-
fect of any obstetric complication score was found at the multi-
variate level, post hoc chi-square analyses were conducted to ex-
amine which individual obstetric complications contributed to
the overall effect. These univariate contrasts were Bonferroni cor-
rected to maintain an analysis-wise alpha level of p<0.05.

A conditional logistic regression analysis was also conducted to
test the association between hypoxia-associated obstetric com-
plications and early-onset schizophrenia within families. This
analysis was limited to families in which at least one proband and
one sibling were available for analysis, and family of origin was
used as the stratification variable, thereby controlling for depen-
dency of multiple observations per family unit.
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Results

Hypoxia-Associated Obstetric Complications

In the initial regression analysis of the score on the scale
for hypoxia-associated obstetric complications as a pre-
dictor of group assignment, none of the two-way interac-
tions between hypoxia and demographic variables met
the p=<0.10 criterion for inclusion, nor did the main effects
of gender, birth order, or mother’s age at birth. After exclu-
sion of these variables, there was a statistically significant
effect of hypoxia-associated obstetric complications (x?=
10.83, df=3, p=0.01) and nonsignificant effects of prenatal
infection (x?=5.39, df=3, p=0.15), fetal growth retardation
(x?=1.86, df=3, p=0.60), and social class (x°=6.64, df=3, p=
0.08). Contrast analysis revealed that hypoxia-associated
obstetric complications significantly increased the risk for
early-onset schizophrenia (x?=9.27, df=1, p=0.002, odds
ratio=2.16, 95% CI=1.31-3.53) but were not associated
with later-onset schizophrenia (x%=0.15, df=1, p=0.70,
odds ratio=0.89, 95% CI=0.48-1.63) or with being an unaf-
fected sibling of a schizophrenic patient (x>=0.93, df=1, p=
0.33, odds ratio=1.25, 95% CI=0.80-1.96). That is, the odds
of early-onset schizophrenia increased by 2.16 times per
hypoxia-associated obstetric complication, such that the
subjects with three or more such obstetric complications
were 10 times more likely to develop early-onset schizo-
phrenia as were those with none.

Specificity of Perinatal Hypoxia

When the previous analyses were repeated with the
score on the perinatal hypoxia subscale, there was a statis-
tically significant effect of perinatal hypoxia on group as-
signment (x?=10.90, df=3, p=0.01), while the effects of pre-
natal infection (x?=5.44, df=3, p=0.15) and fetal growth
retardation (x?=1.52, df=3, p=0.70) remained nonsignifi-
cant. Contrast analysis showed that perinatal hypoxia pre-
dicted early-onset schizophrenia (x?=8.06, df=1, p=0.005,
odds ratio=2.58, 95% CI=1.34-4.96) but not later-onset
schizophrenia (x?=0.78, df=1, p=0.38, odds ratio=0.66, 95%
CI=0.27-1.65) or unaffected sibling status (x?>=1.84, df=1,
p=0.18, odds ratio=1.51, 95% CI=0.83-2.73). Conversely,
prenatal hypoxia alone was not significantly associated
with group outcome (x?=5.05, df=1, p=0.17) after we con-
trolled for prenatal infection (x2=5.89, df=1, p=0.12) and
fetal growth retardation (x2=1.81, df=1, p=0.61).

Individual Obstetric Complications

Since none of the later-onset, sibling, or normal com-
parison groups was associated with fetal hypoxia at the
multivariate level, they were collapsed into a single com-
parison group for univariate contrasts. The individual hy-
poxia-associated obstetric complications found to be sig-
nificantly more frequent among the patients with early-
onset schizophrenia than among these comparison sub-
jects were birth asphyxia (x?=9.36, df=1, p=0.002, odds ra-
tio=4.55, 95% CI=1.62-12.79), prematurity (x°=4.10, df=1,
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p=0.04, odds ratio=2.13, 95% CI=1.02-4.44), and anorexia
during pregnancy (x?=7.35, df=1, p=0.007, odds ratio=8.73,
95% CI=1.38-55.25). Placental infarcts were also more fre-
quent among the patients with early-onset schizophrenia,
but this effect did not reach statistical significance (x=
2.73, df=1, p=0.10, odds ratio=2.58, 95% CI=0.81-8.23).
Only birth asphyxia retained a statistically significant as-
sociation with early-onset schizophrenia after Bonferroni
correction (Table 2).

Association Within Families

The odds of early-onset schizophrenia increased by 2.9
times per unit increase on the hypoxia-associated obstet-
ric complication scale within families, although this fell
slightly short of statistical significance (x?=3.06, df=1, p=
0.08, odds ratio=2.86, 95% CI=0.88-9.27).

Discussion

The principal finding of this study is that hypoxia-asso-
ciated obstetric complications, but not prenatal exposure
to infection or fetal growth retardation, are associated with
a higher than normal risk for early-onset schizophrenia.
Further, there were no differences in rates of exposure to
hypoxia-associated obstetric complications or other com-
plications between patients with later-onset schizophre-
nia, nonschizophrenic siblings of patients, and demo-
graphically similar comparison subjects at low genetic risk
for schizophrenia.

A lack of difference in siblings indicates that the occur-
rence of fetal hypoxia is independent of genetic risk for
schizophrenia. In other words, the current results are not
consistent with hypotheses holding that hypoxia-associ-
ated obstetric complications are the consequence of an
inherited predisposition to schizophrenia, as these com-
plications were not more frequent among the patients’ un-
affected biological siblings—a proportion of whom are ex-
pected to carry genes associated with susceptibility to
schizophrenia (33). Rather, our findings converge with
other reports of a higher incidence of obstetric complica-
tions in schizophrenia patients than in their nonpsychotic
siblings (4, 5) and with evidence that the frequency of ob-
stetric complications does not rise with increasing genetic
loading for schizophrenia (3, 11, 20). Further, since the
majority of subjects with a history of hypoxia-associated
obstetric complications did not become schizophrenic,
our results also exclude familial-sporadic theories in
which obstetric complications are sufficient causes of
schizophrenia acting independently from genetic risk
(23). It is also important that obstetric complications were
not a necessary condition for developing schizophrenia or
an early-onset form of schizophrenia, as 33% of the pa-
tients with schizophrenia (22% of those with early-onset
schizophrenia) had a score of 0 on the scale for hypoxia-
associated obstetric complications. Because liability for
schizophrenia appears to conform to a polygenic mode of
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inheritance (19), it is possible that the patients without hy-
poxia possessed a greater number of predisposing genes,
such that an additional contribution of obstetric compli-
cations was not necessary for the onset of psychosis.
Nonetheless, we are left with two competing etiologic
models in which obstetric complications act either addi-
tively or in interaction with genetic factors in increasing li-
ability for schizophrenia (18). While epidemiologic meth-
ods cannot differentiate these latter two alternatives, we
believe that the results of studies using quantitative indi-
cators of genetic liability are consistent with a model of
schizophrenia involving interaction of genes and obstetric
complications (20 and unpublished manuscript by Can-
non etal.).

That most studies have shown schizophrenia to be asso-
ciated with an aggregation of obstetric complications,
rather than specific ones in isolation, could reflect the in-
volvement of a common mechanism that can be produced
by a variety of different conditions, or it could indicate in-
volvement of multiple different mechanisms. In the
present study, birth asphyxia was the only individual com-
plication that was significantly associated with early-onset
schizophrenia, a finding that is consistent with oxygen in-
sufficiency as a primary obstetric mechanism. Also in ac-
cord with this interpretation are the results of a recent
Swedish cohort study (16), in which three categories of ob-
stetric complications (malnutrition, prematurity, and
perinatal hypoxia) that have hypoxia as a common mech-
anism were significantly more prevalent among a group of
schizophrenic patients with early onsets. Further, the null
results of two previous cohort studies are not inconsistent
with a specific involvement of hypoxia. One of these stud-
ies (14) had only eight schizophrenic patients. In the sec-
ond cohort study (15) an obstetric complication scale con-
structed to predict stillbirth and neonatal mortality did
not predict schizophrenia. However, when individual ob-
stetric complications were examined in this cohort, bleed-
ing during pregnancy and low birth weight, which both
imply heightened risk of hypoxia, were significantly re-
lated to schizophrenia (34). Together, the results of the
present and previous cohort studies therefore point to fe-
tal hypoxia as an important and perhaps primary obstetric
influence in the development of schizophrenia. We should
note, however, that etiologic factors can be identified only
tentatively with clinical epidemiologic methods and that
research using direct biochemical indicators of blood oxy-
genation is needed to confirm the relationship between
fetal hypoxia and schizophrenia.

Our findings are consistent with converging epidemio-
logic evidence that obstetric complications, hypoxia in
particular, increase the risk for neurodevelopmental com-
promise and for a form of adult schizophrenia with an
early onset (22). There have also been reports of high rates
of obstetric complications in childhood-onset schizo-
phrenia, although most come from a time period when di-
agnostic boundaries with the adult disorder were unclear
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(1, 2). In this study, by using gender-specific medians of
age at onset, we were able to determine whether there was
an association between obstetric complications and early-
onset forms of schizophrenia in both genders, without the
confound of different distributions of ages at onset in
male and female patients. In fact, we found a robust asso-
ciation between fetal hypoxia and early-onset schizophre-
nia for both genders, which strengthens the hypothesis
that obstetric complications relate specifically to a neu-
rodevelopmental form of the disorder. In addition, our
findings suggest that the specificity of fetal hypoxia may
relate in part to its time of occurrence, since perinatal but
not prenatal oxygen deprivation predicted early-onset
schizophrenia. Taken together, the increasing evidence for
the specificity of obstetric complications to early-onset
schizophrenia suggests that data in previous studies that
did not separate patients by age at onset may need to be
reanalyzed.

While we can only speculate as to the mechanism(s) in-
volved in the timing of schizophrenia onset, a prominent
candidate may be the rate of cortical synaptic pruning.
Some investigators (35, 36) have proposed that schizo-
phrenia arises because of excessive pruning, such that a
reduction of neuronal synapses below a certain threshold
produces psychotic symptoms. Within this framework,
variations in the rate of synaptic pruning would vary the
age at clinical onset of schizophrenia. It is interesting that
excessive pruning is consistent with several brain abnor-
malities documented in schizophrenia, including promi-
nent reductions in neuropil volume (37), numbers of pyra-
midal dendritic spines (38), and synaptic protein levels
(39). Furthermore, since synaptic pruning involves pre-
dominantly glutamatergic synapses (36), exaggerated
pruning could result in glutamate receptor hypofunction,
a possible cause of striatal dopaminergic hyperactivity
and psychotic symptoms in schizophrenia (40, 41).

We propose that the neurotoxic effects of hypoxia-asso-
ciated obstetric complications may reduce the amount of
synaptic pruning required in late adolescence to cross the
psychosis threshold, leading to an earlier onset of schizo-
phrenia. This hypothesis is supported by the fact that tem-
poral lobe brain regions particularly vulnerable to fetal hy-
poxia (42) have also been consistently implicated in
schizophrenia (43). Thus, hippocampal neurons are re-
duced in number or density following fetal hypoxia (44,
45), as they appear to be in the schizophrenic brain (46,
47). These cellular findings are consistent with recent in
vivo data from our laboratory indicating an association
between fetal hypoxia and temporal gray matter deficits in
both patients with schizophrenia and their unaffected sib-
lings but not in comparison subjects at low genetic risk for
schizophrenia (unpublished manuscript by Cannon et
al.). Preschizophrenic individuals with a history of fetal
hypoxia may therefore have a lower baseline number of
neurons and synapses in temporal brain regions than
those without such a history. With this reduced neuronal
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reserve, less further synaptic pruning would be required to
cross the psychosis vulnerability threshold, resulting in
earlier clinical onset in individuals with the schizophrenia
genotype. Indeed, neuronal loss in temporal brain struc-
tures should decrease striatal glutamatergic efferents and
enhance postsynaptic dopamine receptor sensitivity (48).
Subsequent postnatal pruning of temporal-striatal projec-
tions would then be expected to produce exaggerated
mesolimbic reactivity and psychotic symptoms at an ear-
lier age in preschizophrenic individuals positive for fetal
hypoxia.

Several strengths of this study’s design merit explicit
mention. Foremost is the use of original pregnancy and
birth records, which can be more accurate and reliable
sources of obstetric history than retrospective parental in-
terviews (23). In addition, the studied probands were a
random and representative sample drawn from a Helsinki
birth cohort and were directly interviewed according to
strict diagnostic criteria. Finally, the inclusion of both un-
affected siblings and a normal comparison group allowed
for the evaluation of competing gene-environment etio-
logic models of schizophrenia.

This study was limited, however, by its inability to ex-
plore all obstetric variables that might be implicated in
schizophrenia. The obstetric records used were not devel-
oped for research purposes and therefore may not have in-
cluded all variables associated with schizophrenia. In ad-
dition, the statistical power was not sufficient to examine
the association between obstetric complications and fam-
ily history of schizophrenia, or between all obstetric com-
plications and schizophrenia at the level of individual
complications.
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