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Abstract

Objective.– We sought to explore whether obstetric complications (OCs) are more likely to occur in the presence of familial/genetic
susceptibility for schizophrenia or whether they themselves represent an independent environmental risk factor for schizophrenia.

Methods.– The presence of OCs was assessed through maternal interview on 216 subjects, comprising 36 patients with schizophrenia from
multiply affected families, 38 of their unaffected siblings, 31 schizophrenic patients with no family history of psychosis, 51 of their unaffected
siblings and 60 normal comparison subjects. We examined the familiality of OCs and whether OCs were commoner in the patient and sibling
groups than in the control group.

Results.– OCs tended to cluster within families, especially in multiply affected families. Patients with schizophrenia, especially those from
multiply affected families, had a significantly higher rate of OCs compared to normal comparison subjects, but there was no evidence for an
elevated rate of OCs in unaffected siblings.

Conclusion.– Our data provides little evidence for a link between OCs and genetic susceptibility to schizophrenia. If high rates of OCs are
related to schizophrenia genes, this relationship is weak and will only be detected by very large sample sizes.
© 2004 Elsevier SAS. All rights reserved.
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1. Introduction

There is considerable evidence that exposure to obstetric
complications (OCs) is associated with an increased risk of
developing schizophrenia in later life [5,18,47]. This risk is
small with a pooled odds ratio of approximately 2, and indi-
vidual studies tend to have insufficient statistical power to
implicate specific complications [18,47]. Furthermore, it
remains unclear whether OCs represent an independent risk
factor for schizophrenia, interact with genetic risk to increase
liability, are themselves a manifestation of genetic liability
for schizophrenia, or are epiphenomena of developmental
compromise in individuals who are already on a trajectory
towards psychotic illness in adult life. Previous studies that
have attempted to explore whether OCs are linked to genetic
susceptibility for schizophrenia have been inconclusive

[34,37,40]. Examining the rate of OCs in patients with and
without a family history of illness, and in unaffected siblings
of patients can help to clarify the relationship between OCs
and schizophrenia.

Unaffected siblings of patients with schizophrenia share
50% of their genes, on average, with their affected relatives
and show a significantly increased risk for schizophrenia
[44,46]. Given the probable multifactorial nature of schizo-
phrenia [31], it is likely that unaffected first degree relatives
of patients share some of the predisposing genes without
expressing the disorder, and are therefore more likely to
demonstrate some of the biological manifestations of schizo-
phrenia susceptibility genes than normal comparison sub-
jects. Evidence that certain biological markers in individuals
without schizophrenia may be related to the schizophrenia
genotype comes from reports of increased ventricular size,
eye tracking abnormalities, abnormal event related poten-
tials, and an excess of integrative neurological signs and
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neuropsychological deficits among unaffected first degree
relatives of patients [10,14,16,19,29].

We set out to examine (i) whether OCs cluster within
families, especially those enriched for genetic susceptibility
for schizophrenia, and (ii) whether the rate of OCs in the
unaffected siblings of patients differs from that in normal
controls; which would be expected if genes that increase the
risk of schizophrenia also predispose to OCs.

2. Subjects and methods

2.1. Patients and siblings

Subjects consisted of 67 patients who met criteria for
DSM-III-R [1] schizophrenia (n = 62), schizo-affective dis-
order (n = 4), psychotic disorder NOS (n = 1) and 89 of their
unaffected siblings, from 59 families. The families were
recruited by self referral in response to advertisements,
through voluntary organisations or by direct referral from
their clinicians. Families were defined as ‘familial’ if there
were two or more first and/or second-degree relatives with
schizophrenia or another psychotic disorder. Families were
defined as non-familial if the patient had no known family
history of psychosis as far as their third degree relatives.
Twenty-eight families were classified as belonging to the
familial group and 31 families to the non-familial group.

2.2. Normal comparison group

Sixty controls were recruited from the local community
via newspaper advertisements and from local staff and were
chosen to reflect the combined group of patients and siblings
on the basis of age, parental social class and gender. None of
the controls had a personal or family history of psychotic
illness or a schizophrenia spectrum disorder. A prior history
of other psychiatric disorders was not an exclusion factor.

2.3. Clinical assessments

Participants were assessed by a psychiatrist to gather
socio-demographic and clinical data. The Schedule for Af-
fective Disorders and Schizophrenia—Lifetime version [45],
supplemented by additional clinical information was used to
obtain DSM-III-R [1] diagnoses. For those family members
who could not be interviewed directly, diagnoses were estab-
lished using the Family History Research Diagnostic Criteria
[13] or the Family Interview for Genetic Studies [35] and
conducted with the most reliable family informants available
(usually the mother of the subject).

Information on OCs was acquired by maternal interview
using the Lewis–Murray Scale [25]. Subjects were rated as
having either a definite complication or no complication.
Labour <3 hrs was not rated as a definite complication since
it can be unreliable [38]. Subjects were also rated as to
whether they experienced any complication(s) in the prenatal

and/or perinatal period. The “prenatal” variable was defined
as those prenatal events which would produce a score of
“definite” on the Lewis–Murray Scale (i.e. rubella, syphilis,
rhesus incompatibility, pre-eclampsia: severe and/or leading
to early induction or hospitalisation, antepartum haemor-
rhage or threatened abortion, and birth weight under 2000g).
The “perinatal” variable referred to the remaining complica-
tions from the Lewis–Murray Scale which occur around the
time of labour or in the neonatal period. Some subjects (three
patients, two siblings and one controls) had definite compli-
cations in both the prenatal and perinatal periods.

Socio-economic status, based on details of parental occu-
pation at birth of the subject, was categorised according to
the Office of Population Censuses and Surveys Standard
Occupational Classification [21].

2.4. Exclusion criteria

All subjects were Caucasian, aged 18–41, and were only
included if their mother was available to provide accurate
details of their obstetric histories. Only those mothers who
were aged 65 or younger at the time of assessment were
included in the study. Since an inherent part of the study
design was to compare the rates of OCs within sibships, we
only included families where there were data available for
more than one child.

All participants gave informed consent for their mother to
be approached after the details of the study had been ex-
plained to them. The study was approved by the local Ethical
Committee.

3. Statistical analyses

3.1. Demographic analysis

One way analysis of variance (with Bonferroni post hoc
tests) and Pearson’s v2 tests were used to analyse differences
between the groups on demographic characteristics.

3.2. Clustering of OCs in certain families

We assessed for familial clustering of OCs by examining
the observed occurrences of OCs (definite complications)
and non-OCs (no complications) in all the families via analy-
sis of contingency tables, whose rows were formed by indi-
vidual families and columns OCs and non-OCs. The Fisher’s
exact test was used to assess whether occurrences of OCs
statistically deviated from random. These analyses were re-
peated for total definite complications, prenatal and perinatal
complications, and were performed using SAS version 8.2
(SAS Institute Inc., Cary, NC 27513, USA).

3.3. Rates of OCs in patients and unaffected siblings

We used logistic (for obstetric complications) and linear
(for birthweight) regression analysis to compare the level of

29M. Walshe et al. / European Psychiatry 20 (2005) 28–34



OCs in each group (familial patients, familial siblings, non-
familial patients, non-familial siblings) to the control group,
controlling for gender, sibship size and age of mother at
interview. Since the observations were of individuals within
families and thus not independent, a clustered regression
analysis was used, with the robust option which uses sand-
wich estimates of variance to account for possible violations
of assumptions of regression (STATA, version 6.0; Copyright
2000 Stata Corporation, 702 University Drive East, College
Station, TX 77840, USA). Three measures of OCs were
tested; definite complications, prenatal complications and
perinatal complications. All tests were two-tailed and used a
0.05 level of significance.

4. Results

4.1. Demographics

The demographic characteristics for the five groups are
shown in Table 1. The groups did not significantly differ in
measures of parental social class (v2 = 0.92, df = 4, p = 0.91),
age of subjects (F = 1.57, df = 4, p = 0.18), maternal age at
delivery (F = 0.14, df = 4, p = 0.97) or age of mother at
interview (F = 1.1, df = 4, p = 0.35). The “familial group” had
slightly larger families than the “non-familial group” (F
= 3.3, df = 2, p = 0.04). The groups also differed in gender
distribution, with a higher proportion of males in the patient
groups (v2 = 16.10, df = 4, p < 0.01).

4.2. Familial predisposition to OCs

There was evidence in the total sample for familial clus-
tering of subjects reported to have experienced definite OCs
and this was most emphatic for prenatal complications (see
Table 2). When the sample was subdivided, such clustering
appeared strongest in the “familial group” where it signifi-
cantly differed from a random distribution for prenatal com-
plications, whereas no significant clustering was detected in
the non-familial families, which had a similar number of
subjects, or control families.

4.3. OCs in patients and unaffected siblings

The rates of OCs and mean birth weights in each subject
group are displayed in Table 3 and Fig. 1 (OC rates), and the
results of the regression analysis comparing OCs in each
subject group to the control sample are displayed in Table 4.
There were significant differences between the groups in
rates of definite (Wald v2 = 21.01, p < 0.01), and perinatal
complications (Wald v2 = 21.52, p < 0.01), which were
accounted for by higher rates of these OCs in patients with
familial schizophrenia compared to the control group. The
subject groups did not significantly differ in rates of prenatal
complications (Wald v2 = 9.34, p = 0.23) or birth weight
(F = 1.64, p = 0.13).

The patient and sibling groups were then collapsed into
two groups of “patients” and “siblings” to maximise statisti-
cal power. The patient group had a significant excess of
definite complications when compared to controls (OR=2.7,
CI=1.09–6.8, p = 0.03).

Table 1
Demographic characteristics of sample

Familial patients
n = 36

Familial siblings
n = 38

Non-familial patients
n = 31

Non-familial siblings
n = 51

Controls
n = 60

N (%) N (%) N (%) N (%) N (%)
Male Gender 28 (79) 16 (42) 21 (68) 21 (41) 32 (53)
Parental social class (%I & II) a 18 (50) 20 (53) 18 (58) 30 (59) 30 (54)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age of subjects 30 (4.2) 29 (5.2) 31 (4.1) 31 (4.7) 29 (6.0)
Age range 20–38 19–40 24–38 18–40 19–41

Familial group
(n = 74)

Non-familial group
(n = 82)

Controls
(n = 60)

Mean (SD) Mean (SD) Mean (SD)
Maternal age at delivery 27 (3.9) 26 (3.9) 27 (4.3)
Age range 17–37 17–36 18–41
Current age of mother 56 (4.6) 57 (4.0) 55 (6.3)
Age range 48–65 48–65 42–65
Sibship size 3.3 1.0 2.9 0.86 3.2 1.3

a Parental social class data not available for four controls.

Table 2
Contingency table analyses for clustering of OCs within families

Definite complication p a Prenatal complication p a Perinatal complication p *
Total sample (familial, non-familial and controls) (n = 222) 0.06 <0.01 0.32
Familial (n = 91) 0.09 0.01 0.06
Non-familial (n = 92) 0.23 0.10 0.79
Normal Comparison subjects (n = 39) 0.27 0.19 0.82

a p refers to the significance level of the Fisher’s exact test to assess whether the distribution of OCs within families deviates from random.
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There were no significant differences in the rate of definite
OCs comparing patients to their own siblings (OR=1.2,
CI=0.54–2.72, p = 0.65) or siblings to controls (OR=1.5,
CI=0.65-3.70, p = 0.33).

5. Discussion

In common with most other studies which employ the
Lewis–Murray scale [5], we demonstrated higher rates of
obstetric complications in patients with schizophrenia than
controls, but found little evidence to support the hypothesis

that obstetric complications themselves are a manifestation
of genetic liability to schizophrenia, since rates of obstetric
complications were not elevated in the unaffected siblings of
patients.

Our data does demonstrate that OCs tend to congregate in
certain families. This ‘familial’ nature of OCs is not surpris-
ing since some OCs are recurrent. The particular tendency of
prenatal OCs towards recurrence may indicate that maternal
factors are largely responsible for this; for example some
mothers have a tendency to develop pre-eclampsia in succes-
sive pregnancies [32]. Other maternal factors which can
contribute to occurrence of OCs include uterine anomalies,

Table 3
Number of subjects who experienced at least one obstetric complication and mean birth weights in each subject group

Familial patients
(n = 36)

Familial siblings
(n = 38)

Non-familial patients
(n = 31)

Non-familial siblings
(n = 51)

Controls
(n = 60)

N % N % N % N % N %
Obstetric complications scored
“Definite”

13 36 7 18 8 26 13 26 11 18

Prenatal complication 6 17 5 13 4 13 9 18 6 10
Perinatal complication 9 25 2 5 5 16 6 12 6 10

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Birth weight (gms) a 3327 (520) 3433 (610) 3356 (568) 3308 (546) 3506 (585)

a Birth weight was not available on seven subjects.

Fig. 1. Proportion of each group with definite obstetric complications.

Table 4
Results of logistic regression analyses comparing pregnancy and birth complications in each group to the control group, controlling for age of mother at
interview, parity and gender. Analyses employed multilevel modelling to account for non-independence of obstetric complication histories within individual
families

Familial patients Familial siblings Non-familial patients Non-familial siblings
OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p

Obstetric complications
scored “Definite”

3.22 1.15–9.02 0.03 1.21 0.41–3.54 0.73 1.81 0.63 –5.22 0.27 2.19 0.78–6.19 0.14

Prenatal complication 1.96 0.56–6.85 0.29 1.57 0.46–5.38 0.47 1.40 0.37–5.34 0.62 2.44 0.72–8.32 0.15
Perinatal complication 3.53 0.99–12.60 0.05 0.57 0.10–3.39 0.54 1.95 0.51–7.50 0.33 1.58 0.42–5.93 0.50

Coef 95% CI p Coef 95% CI p Coef 95% CI p Coef 95% CI p
Birth weight (gms) –214.59 –481.15

–51.97
0.11 –47.09 –330.24

–236.05
0.74 –138.24 –425.55

–149.08
0.34 –156.36 –461.96

–149.24
0.31
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and a range of medical [26,27] and social factors, such as low
social class, poor diet or poor antenatal care [3,39]. Other
studies have also reported clustering of OCs in schizophrenic
families. DeLisi et al. [11] found birth complications to be
significantly concordant in sibling pairs diagnosed with
schizophrenia or schizo-affective disorder. Heun et al. [22]
reported a minor, but non-significant clustering of OCs in
some families of patients with schizophrenia or schizo-
affective disorder. It is of interest that such familial clustering
appears to be more prominent in our data in multiply affected
families which we would expect to be more enriched with
predisposing genes for schizophrenia. However, any associa-
tion between transmission of susceptibility genes for schizo-
phrenia and OCs is of minor effect since we did not find
unaffected siblings to have higher rates of OCs than the
control group. The lack of difference between unaffected
siblings and controls, even in multiply affected families
where unaffected siblings are more likely to be gene carriers,
is in keeping with other studies which have concluded that
OCs are not linked to genetic predisposition for schizophre-
nia [6,8,20,40].

A number of studies have examined rates of OCs in the
relatives of schizophrenic patients. They broadly fall into two
study designs. One type examined rates of OCs in the off-
spring of schizophrenic patients. In a meta-analysis of such
studies, Sacker et al. [42] found an increased rate of compli-
cations during pregnancy, delivery and the neonatal period in
the offspring of mothers with schizophrenia. The authors
interpret this as a consequence of adverse socio-
environmental conditions associated with schizophrenia,
rather than genetic predisposition to complications, and point
out the absence of an increased rate of OCs in the offspring of
fathers with schizophrenia in support of this.

Indeed there is evidence that risk factors such as smoking,
substance misuse and low socio-economic class, all known to
be more prevalent in schizophrenic mothers, are associated
with increased rates of intrauterine growth retardation, pre-
term birth and perinatal death [2]. Howard et al. [23] found an
increased risk of stillbirth and neonatal death in the offspring
of mothers with psychotic disorders compared to controls,
which may have been related to smoking or substance mis-
use. Nilsson et al. [34] found significantly increased risks for
stillbirth, infant death, preterm delivery, low birth weight and
small-for-gestational age among offspring of women with
schizophrenia compared to controls. These complications
were partially accounted for by maternal risk factors such as
smoking during pregnancy and single motherhood; but even
after controlling for a number of maternal risk factors, the
offspring of mothers with schizophrenia had significantly
higher rates of preterm delivery and low birth weight, inter-
preted by the authors as consistent with a common familial
vulnerability for pre and perinatal stress and schizophrenia.

The second type of studies examine rates of OCs in the
siblings of schizophrenic subjects. Most studies find an in-
creased rate of OCs in patients with schizophrenia compared
to their unaffected siblings [11,12,22,24,48]. Only a small

number of sibling studies have used normal controls to exam-
ine whether rates of OCs are elevated in siblings themselves
[6,8,20,40]. Such studies are better designed for investigating
whether OCs may be a manifestation of susceptibility genes
for schizophrenia since the confounding effect of schizo-
phrenic illness in the mother is not present. These studies,
like our own, generally do not find increased rates of OCs in
unaffected siblings of schizophrenia patients. Only one
mother in our study herself suffered from a psychotic disor-
der.

Another study design to assess whether genetic suscepti-
bility to schizophrenia is associated with an increased rate of
OCs is to examine whether the morbid risk of schizophrenia
is elevated in the first degree relatives of subjects who have
experienced OCs. Marcelis et al. [28] have performed such a
study and found no significant difference in the rates of
schizophrenia or related psychoses among relatives of sub-
jects who had experienced OCs.

5.1. Methodological issues

It has been argued that studies adopting the familial/non-
familial (or sporadic) strategy may misclassify patients [41].
We minimised this risk by the use of structured family history
interviews utilizing current diagnostic criteria to accurately
assess those subjects not directly interviewed. We do not
contend that patients without a family history of illness are
likely to represent phenocopies of the illness, but rather that
more densely affected families are likely to carry a greater
load of susceptibility genes, than those families with only
one member affected. Indeed such a model of illness is
supported by studies which find more extensive brain struc-
tural deviations among unaffected relatives from more
densely affected families [29,43].

The use of maternal recall as a method of collecting
pregnancy and birth information data has been criticised for
potential bias. Results from studies examining the reliability
of maternal recall using comparisons with contemporary
birth records are inconclusive. Two reliability studies found
that mothers of patients with schizophrenia tend to underes-
timate the rate of OCs in their affected offspring compared to
controls [4,9]. McIntosh et al. [30] found that mothers of high
risk and first episode patients were more likely to recall an
OC than mothers of controls: however, birth records for those
individuals did not reveal the same finding. On the other
hand, O’Callaghan et al. [38] and Franzek and Stober [17]
have both reported good agreement between birth records
and maternal recall using the Lewis–Murray scale. In both of
these studies, the mothers successfully recalled obstetric
histories 20–42 years after the birth of their children [17,38],
which is similar to the time lag of the present study. The high
agreement demonstrated by these studies may be related to
the design of the Lewis–Murray scale [25] which targets the
retrospective recall of a relatively small number of significant
adverse obstetric events. This is consistent with evidence
suggesting that the sensitivity of maternal recall improves
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with severe or acute events [15] especially those occurring in
the perinatal period [49].

The Lewis–Murray scale has been criticised for its
“threshold” rating system for defining OCs globally as being
either “absent” or “present” (equivocal or definite). A weak-
ness of this approach is that it conflates complications which
may be due to maternal factors with those related to the
foetus. While this scoring system lacks exactitude, an advan-
tage is that it maximises statistical power in studies which are
limited by sample size from examining individual complica-
tions. Furthermore the interplay between individual obstetric
complications is unclear and they frequently are not indepen-
dent. Thus, there is evidence that subjects who experience
perinatal complications have already experienced other envi-
ronmental insults earlier in pregnancy [7,33,36].

We cannot discount the possibility of a Type 2 error in our
study. Since the rates of OCs in unaffected siblings would be
expected to be lower than that found in patients, many studies
may lack sufficient statistical power to detect a significant
difference and larger samples or meta-analyses may be re-
quired to detect a difference, as was the case for offspring
[42]. For example, if the subtle odds ratio of 1.5 for a
difference between the rate of OCs in siblings of schizo-
phrenic patients and controls in our sample were real, then a
sample size of 575 subjects per group would be required to
detect this finding with 80% power (using a chi squared test
with a 0.05 two-sided significance level). (nQuery Advisor,
version 4.0, Copyright 2000, Janet D. Elashoff, Los Angeles,
CA, USA). If a gene causes a modest increase in the risk of
OCs, and OCs cause a modest increase in risk of schizophre-
nia, and the overall effect size of the gene on schizophrenia is
very small, then one would not expect to see an increase in
the rate of OCs in the relatives of schizophrenic patients. On
the other hand, if the same gene has modest direct effects on
both the risk of schizophrenia and the risk of OCs, then one
would expect to see an increase in the rate of OCs among the
relatives of schizophrenic patients. The current findings offer
evidence against the second but not the first hypothesis.

6. Conclusion

We found evidence for familiality of OCs which appeared
most prominent in those families most likely to be enriched
with predisposing genes to schizophrenia. However, possi-
bilities other than genetic susceptibility for schizophrenia,
such as maternal factors associated with an increased risk of
subsequent OCs, may be responsible for this phenomenon.
This study again fails to find evidence that schizophrenia is
associated with genetic susceptibility to experiencing OCs
since rates in the unaffected siblings and in particular those
siblings from multiply affected families did not differ from
the control sample. If schizophrenic genes do also predispose
to OCs then this effect is weak and would need very large
sample sizes to detect it.
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