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Relationship of Obstetric Complications and Differences 
in Size of Brain Structures in Monozygotic Twin Pairs

Discordant for Schizophrenia

Thomas F. McNeil, Ph.D., 
Elizabeth Cantor-Graae, Ph.D., and Daniel R. Weinberger, M.D.

Objective: The aim of the study was to determine whether a history of obstetric compli-
cations and congenital minor physical anomalies are related to differences in the charac-
teristics of brain structures observed within monozygotic twin pairs discordant for schizo-
phrenia. Method: The size of the bilateral hippocampi and cerebral ventricles was studied
by magnetic resonance imaging in 22 monozygotic twin pairs discordant for schizophrenia.
Obstetric complications and minor physical anomalies were independently assessed
through parental report and examination, respectively. Results: Compared with the well
co-twins, the ill twins consistently had smaller left and right hippocampi as well as larger left
lateral ventricles and third ventricles. Relatively small left and right hippocampi were each
significantly related to labor-delivery complications and to prolonged labor per se. Rela-
tively large right lateral ventricle size and large total ventricle size were significantly related
to labor-delivery complications, prolonged labor, neonatal complications, and total compli-
cations for the entire reproductive sequence. In contrast, these brain size differences were
not significantly associated with pregnancy complications or minor physical anomalies.
Conclusions: Trauma at the time of labor and delivery and especially prolonged labor ap-
pear to be of importance for brain structure anomalies associated with schizophrenia. 

(Am J Psychiatry 2000; 157:203–212)

An increasing number of studies using postmortem,
computerized tomography (CT scan), or magnetic res-
onance imaging (MRI) techniques have provided evi-
dence for subtle cerebral structural abnormality in
individuals with schizophrenia (1–5). The most consis-
tently replicated finding is that of larger lateral ventri-
cles and, somewhat less frequently, a larger third ven-
tricle (2, 6). Studies have also reported enlarged
cortical sulci or fissures, suggesting a mild degree of

diffuse volume loss (7–11). A smaller frontal lobe area,
smaller cerebral and cranial size, and a smaller volume
of gray matter in the hippocampus and temporal lobe
have also been found (12). Postmortem studies have
provided some, but less consistent evidence for subtle
structural anomalies primarily in the limbic temporal
lobe areas (13), including smaller hippocampal and/or
parahippocampal volumes (14, 15); alterations in cell
density and cytoarchitectural changes in the hippo-
campus, frontal and enterorhinal cortex, and cingulate
gyrus (16–22); and enlarged temporal horns (23, 24).

However, the absolute size of these reported differ-
ences between individuals with schizophrenia and nor-
mal comparison subjects has been generally small,
with notable overlap between the two groups and con-
siderable normal variation within each group. Such
normally occurring interindividual variations may
mask subtle, yet potentially informative cerebral char-
acteristics related to schizophrenia. To allow a refined
focus on schizophrenia-related cerebral characteristics,
researchers have sought a research strategy that would
reduce the normal variation in brain structure charac-
teristics across individuals.

Received Nov. 18, 1998; revision received June 23, 1999;
accepted June 30, 1999. From the Section for Epidemiology,
Department of Community Medicine, Lund University, Malmö Uni-
versity Hospital, Malmö, Sweden; and the Clinical Brain Disorders
Branch, NIMH, Bethesda, Md. Address reprint requests to Dr.
McNeil, Department of Community Medicine, University Hospital
MAS, S-205 02 Malmö, Sweden; thomas.mcneil@smi.mas.lu.se
(e-mail).

Supported by grant 3793 from the Swedish Medical Research
Council; the Faculty of Medicine, Lund University; NIMH grant MH-
41176; the Söderström-König Foundation, Sweden; and the The-
odore and Vada Stanley Foundation, USA. 

The authors thank E. Fuller Torrey, M.D., for providing access to
project data, and acknowledge the contributions of Patricia Quinn,
M.D., Richard L. Suddath, M.D., and Irving I. Gottesman, Ph.D., to
conducting the twin project.



204 Am J Psychiatry 157:2, February 2000

OBSTETRIC COMPLICATIONS AND BRAIN STRUCTURES

Researchers have thus investigated the brain struc-
ture characteristics in monozygotic twins in pairs that
are discordant for schizophrenia. In such research, any
differences in brain structure between the twin with
schizophrenia and the genetically identical co-twin
without schizophrenia must be considered to reflect
the disease and the effect of environmental factors.

Two such studies of discordant monozygotic twin
pairs have been conducted to date. A CT study of 12
monozygotic twin pairs discordant for schizophrenia
(25) found larger cerebral ventricles in the ill twin than
in the well co-twin in 11 of the 12 pairs. A subsequent
investigation by Suddath et al. (26) used MRI to study
15 monozygotic pairs discordant for schizophrenia.
Compared with the well twins, the ill twins had a
smaller left hippocampus (in 14 of 15 pairs) and a
smaller right hippocampus (in 13 of 15 pairs), as well
as a larger left lateral ventricle (in 14 of 15 pairs), a
larger right lateral ventricle (in 13 of 15 pairs), and a
larger third ventricle (in 13 of 15 pairs). Additional in-
vestigations of discordant monozygotic twins revealed
similar within-pair differences in the size of the lateral
ventricles and the hippocampi and amygdala (27).

Although the results from the discordant twin pairs
clearly indicate that differences in these brain struc-
tures are related to schizophrenia and, by deduction,
must in some way be the result of environmental influ-
ences, important questions remain about what particu-
lar environmental factors have caused the differences
within pairs and about whether the differences are pri-
mary or secondary to the disease (26).

Obstetric complications constitute an early environ-
mental factor that has received considerable attention
in association with the subsequent development of
schizophrenia (28, 29). McNeil et al. (30) investigated
the history of obstetric complications in the cases stud-
ied by Suddath et al. (26), as well as in a larger cohort
of monozygotic twins studied by Torrey et al. (27),
which included discordant, concordant, and normal
comparison pairs. Obstetric complications were found
with significantly increased frequency in pairs contain-
ing one or more twins with schizophrenia (both discor-
dant and concordant pairs) compared with compari-
son pairs. Complications of labor and delivery were
especially characteristic of the discordant twin pairs,
and prolonged labor was the most salient specific ob-
stetric complication. The prominence of prolonged la-
bor was similar to findings in samples of individuals
with schizophrenia born singly (28, 29, 31).

In contrast, prenatal insults did not consistently char-
acterize these discordant twin pairs. Compared with
concordant and normal comparison pairs, the discor-
dant pairs did not have an increased rate of pregnancy
complications (30) or of minor physical anomalies
(slight somatic defects that putatively develop during
early gestation), although the ill twins tended, nonsig-
nificantly, to have more minor physical anomalies than
their well co-twins (32). On the other hand, notable
within-pair differences were found among discordant

twins on dermatoglyphic characteristics that are estab-
lished during the second trimester of gestation (33, 34).
Although those results seem to indicate a prenatal influ-
ence disrupting the course of development in individu-
als with schizophrenia (27), our previous findings in
this sample indicated the importance of trauma at the
time of labor and delivery and suggested that birth or-
der may be associated with the timing of obstetric com-
plications occurring in the sample. Discordant pairs in
which the twin with schizophrenia was born second in
the pair had very high rates of prolonged or precipitous
labor (88%) but lower rates of pregnancy complica-
tions (38%), while the opposite was true for pairs in
which the twin with schizophrenia was born first. Birth
order is thus also of interest as a possible mediator of a
history of obstetric complications in twin pairs discor-
dant for schizophrenia and may have a relationship to
brain structure characteristics.

The purpose of the study reported here was to exam-
ine the relevance of obstetric complications and minor
physical anomalies for the differential sizes of brain
structures observed in the twins with schizophrenia in
discordant monozygotic pairs. The sample consisted of
discordant pairs in which we previously investigated
obstetric complications (30) and thus included the
smaller subset of cases originally reported by Suddath
et al. (26). The study tested the hypothesis that smaller
relative size of the right and left hippocampi and larger
relative size of the right lateral, left lateral, and third
ventricles in the ill twin versus the well twin are related
to increased rates of obstetric complications, pro-
longed labor per se, and minor physical anomalies.
Differences in the size of brain structures were also in-
vestigated in relation to within-pair birth order. No di-
rectional hypothesis was posited for this latter rela-
tionship, as birth order was differentially related to
pregnancy complications versus labor-delivery compli-
cations in this twin sample (30).

METHOD

Subjects

The current sample consisted of 22 monozygotic twin pairs in
which one twin had schizophrenia (19 pairs) or schizoaffective dis-
order (three pairs) and the co-twin was psychiatrically normal (30).
Psychiatric diagnoses of the ill twins were determined according to
DSM-III-R criteria by using the Structured Clinical Interview for
DSM-III-R—Patient Version (SCID-P) (35). The mean severity of ill-
ness (axis V of DSM-III-R) during the period just preceding the in-
vestigation was 40.1 (SD=13.6). Psychiatric normality in the co-
twins was defined as the absence of an axis I or II disorder deter-
mined according to DSM-III-R criteria by using the Structured Clin-
ical Interview for DSM-III-R—Non-Patient Version (SCID-NP) (36).
Monozygosity was determined by examination of 19 red blood cell
antigens and physical appearance. The twins were born in the United
States and Canada between 1943 and 1971. Nine of the pairs were
female. In 14 of the 22 pairs, the ill twin was the first-born in the
pair. Mean age at the time of adult assessment was 30.9 years (SD=
6.2). The probability that any of the discordant pairs would become
concordant in the future was presumed to be very low, as an average
of 14.0 years (range=5–30) had elapsed from illness onset of the
proband until the time of the investigation (March 1993); illness on-
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set in a previously normal co-twin is very infrequent after 4 years of
discordance (37).

After giving subjects a complete description of the study, we ob-
tained their written informed consent to participate.

MRI Assessment

The MRI assessment procedure has been presented in detail previ-
ously (26). A 1.5-T General Electric Signa scanner was used to ob-
tain T1-weighted coronal and sagittal slices and T2-weighted trans-
verse slices with spin-echo pulse sequences. Contiguous, 5.0-mm-
thick coronal slices (TR=800 msec, TE=20 msec) were oriented par-
allel to the floor of the fourth ventricle. A total of 30 slices were
taken, beginning at the frontal pole and extending rostrally for 15
cm, thus including most of the occipital lobe.

Pairs of investigators who were blind to the identities of the sub-
jects measured the MRI scans using an off-line computerized image
analysis system described elsewhere (26). Values were determined
for volumes of total prefrontal and temporal regions, and specific fo-
cus was concentrated on six contiguous slices through the temporal
lobe. The amygdala, anterior hippocampus, third ventricle, and tem-
poral horns were outlined manually by using a computer-driven cur-
sor. The volumes of these structures and of the lateral ventricles
(slices 1–6) were calculated by summing the area for the structure of
interest and multiplying by the thickness of the slice. Reliability of
measurement was determined by assessing agreement between the
two raters’ scores for 48 bilateral measurements of the prefrontal
lobe, temporal lobe, and white matter. The interrater reliability was
high (intraclass correlation coefficient=0.99 [p<0.001]).

The anterior hippocampus was defined at the rostral-most extent
of the hippocampus just caudal to the amygdala slice. The six slices
through the anterior temporal lobe included the first slice, which
passed through the amygdala, and then the next four slices, through
the anterior hippocampus. Thus, the anterior hippocampus region
comprised the first 2 cm of the rostral hippocampus. The amygdala
and temporal horns were not used in further analyses for two rea-
sons: 1) the search for a relationship between hippocampal volume
and obstetric complications was hypothesis driven, based on the rel-
evance of obstetric complications to schizophrenia, and 2) it was ob-
served earlier that the anterior hippocampus was the region that
most differentiated the ill from the well twin. The amygdala also was
not used in further analyses because it was contained in only one
slice and was therefore not reliably measured. The same was true for
the temporal horns. The intraclass correlation coefficient for the
four sections through the anterior hippocampal formation was 0.82.

For the current analyses, brain structure data were presented as
within-monozygotic-pair scores representing the percentage differ-
ence within each pair between the twin with schizophrenia and the
well co-twin on the structure of interest. The signed percentage
within-pair difference was calculated as the size value for the ill twin
minus the size value for the well co-twin, divided by the value for the
ill twin. Negative scores (percentages) thus resulted when the ill twin
had a smaller size value than the well co-twin, and positive scores re-
sulted when the opposite was true. These percentage scores were cal-
culated for the right and left rostral hippocampus, the right and left
lateral ventricles, and the third ventricle. For analysis in relation to
obstetric complications and minor physical anomalies, we calculated
an additional score representing the sum of the three signed (percent-
age) scores for the ventricles, to yield a measure of the total relative
(within-pair) size of the ventricles.

In three cases, rather extreme within-pair scores were obtained for
ventricle (but not hippocampal) size, related to conditions that might
invalidate analysis of the relationship between obstetric complica-
tions and minor physical anomalies and ventricle size. In one pair,
the well twin had had pulmonary stenosis, and in another pair, the
well twin was found to have hydrocephaly of unknown origin. In the
third pair, the ill twin had a history of postnatal head injury. The
pairs containing these three cases were thus excluded from the anal-
yses of ventricle size and obstetric complications and minor physical
anomalies (19 remaining pairs), to provide a more equitable basis
for investigating these relationships. All 22 pairs were included in
analyses of hippocampi size.

Each twin was independently assessed for minor physical anoma-
lies (32) by using a modification of the Waldrop scale (38). The Wal-
drop scale encompasses a total of 19 anomaly items in the head, eye,
ear, mouth, hands, and feet. It yields a weighted score summarizing
the incidence of minor physical anomalies. The examination is per-
formed quickly and requires very minimal removal of clothing. All
examinations were performed by the same examiner (P. Quinn,
M.D.), who was totally uninformed of the pair’s history of obstetric
complications and results of the MRI examinations. Scores on minor
physical anomalies for the individual twins ranged from 2 to 11, and
means for the twin pairs ranged from 2.5 to 10.5. Data on minor
physical anomalies were missing for one pair.

Assessment of Obstetric Complications

History of obstetric complications for each twin was obtained
through detailed, structured interview with the mother and, in one-
third of the cases, also with the father, as described previously (30).
The obstetric complications identified through interviews with the
parents of these discordant pairs, as well as with the parents of twin
pairs concordant for schizophrenia and of normal comparison twins,
were blindly scored by the first author and a co-worker according to
the twin version of the McNeil-Sjöström Scale for Obstetric Compli-
cations (30). The instrument is used to rate each obstetric complica-
tion on a 6-point severity scale representing the complication’s pre-
sumed potential for somatic damage (especially to the central nervous
system) in the offspring. Summary scores were calculated for preg-
nancy complications, labor-delivery complications, neonatal compli-
cations, and total obstetric complications for the entire reproductive
sequence (the sum of pregnancy complications, labor-delivery com-
plications, and neonatal complications). (Separate summary scores
were also available for each trimester of the pregnancy. However, ex-
ploratory analyses showed that trimester data would yield results
congruent with complications for the entire pregnancy, and only the
summary score for the entire pregnancy was used.) The four sum-
mary scores represented the number of obstetric complications occur-
ring at a priori-defined severity levels, specifically, at severity level 3
or higher for pregnancy complications and at severity level 4 or
higher for the three remaining obstetric complication summary
scores. The choice of these cutoff limits was based on our previous
analyses of the sample, which showed distinguishing characteristics
of obstetric complications for the discordant pairs (30).

Similarly, the set of operational limits for prolonged labor (more
than 10 hours for nulliparous women and more than 6.5 hours for
primiparous or multiparous women) had been used in our previous
analyses of these twin groups (30). By using these operational limits
in our previous study, we found an increased rate of prolonged labor
in the group of discordant pairs as a whole compared with the
groups of concordant and comparison pairs. Before that study, this
set of limits distinguishing normal from abnormal length of labor
had been established on the basis of optimal delivery norms in our
ongoing prospective study of high-risk offspring of women with a
history of psychosis (39). In the study reported here, investigators
thus compiled and scored information on obstetric complications for
each case independently of MRI data and data on minor physical
anomalies and without the knowledge of whether neither twin, one
twin, or both twins in the pair had schizophrenia.

Design and Statistical Analysis

The frequency with which the ill twin had smaller hippocampi or
larger ventricles than the well co-twin was tested by the sign test
(40). We had previously observed a high degree of within-pair inter-
dependence in the scores for both obstetric complications and minor
physical anomalies (30, 32). Analysis of obstetric complications and
minor physical anomalies in relation to MRI thus used the mean
scores for obstetric complications or minor physical anomalies for
the two individuals in each twin pair, as in our previous studies of
this sample (30, 32). To study the relationship between the six MRI
measurement variables and obstetric complications or minor physi-
cal anomalies, the discordant pairs were assigned to one of the fol-
lowing two subgroups using an approximate median split: 1) pairs
showing an especially great abnormality on a particular MRI vari-
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able, such as a small hippocampus or large ventricle, in the ill twin
versus the well co-twin and 2) pairs showing little difference on a
particular MRI variable between the ill twin and the well co-twin or
more normality in brain structure characteristics in the ill twin.
When the cutoff for subgrouping could not be placed at the absolute
median due to an uneven number of cases or tied values at the me-
dian, the cutoff was placed to provide the most homogeneous sub-
groups with respect to the MRI characteristic. Distributions for size
of the left and right lateral ventricles (19 pairs) were thus split at nine
versus 10 cases and at 10 versus nine cases, respectively. The distri-
bution for the size of the third ventricle was divided into subgroups
of 11 versus eight pairs due to a notable discontinuity in the scores
at that point. The distribution for the right hippocampus was split
evenly at 11 versus 11 cases, while the distribution for the left hip-
pocampus was split at 12 versus 10 pairs due to tied scores sur-
rounding the true median. The two subgroups for each MRI variable
were then compared on summary scores for obstetric complications
and minor physical anomalies by using the Mann-Whitney-Wil-
coxon test for independent groups (40).

The association between birth order or prolonged labor and cate-
gorization into the above two subgroups on each MRI variable was
examined using Fisher’s exact probability, and odds ratios and 95%
confidence intervals (CIs) were calculated. Values for the relative size
of brain structures within the pair were also compared for pairs with
prolonged labor versus pairs without prolonged labor by using the
Mann-Whitney-Wilcoxon test (40). The relationship between the
length of labor (hours) and the values for the relative size of brain
structures was analyzed using Spearman rank correlation. Statistical
significance was defined as p<0.05. As indicated by the hypothesis,
one-tailed tests were utilized for all analyses, except those concern-
ing birth order, for which no directional hypothesis was posited.

RESULTS

In most of the pairs, the hippocampi were smaller
and the ventricles were larger in the ill twin than in the
well co-twin. The ill twin had a smaller left hippocam-
pus in 18 of 22 pairs (no tied pairs) (sign test, p=
0.002), a smaller right hippocampus in 18 of 22 pairs

(one tied pair) (p=0.001), a larger right lateral ventricle
in 10 of 19 pairs (two tied pairs) (p=0.32), a larger left
ventricle in 14 of 19 pairs (two tied pairs) (p=0.006),
and a larger third ventricle in 14 of 19 pairs (no tied
pairs) (p=0.03). Nevertheless, for each of the brain ar-
eas, the different twin pairs showed a considerable
range of scores for relative size in the ill versus well
twin, providing an appropriate basis for subgrouping.
Table 1 shows the ranges of within-pair values in the
two subgroups for each MRI variable.

As hypothesized, rates of obstetric complications
were significantly higher for the subgroups of twin
pairs in which the ill twin had especially small hippo-
campi and especially large ventricles, and the relation-
ships were specific for both brain area and timing of
the obstetric complications (table 2). An especially
small left hippocampus and a small right hippocampus
in the ill twin were each significantly related to in-
creased rates of labor-delivery complications only. Fur-
thermore, an especially large right lateral ventricle and
an especially large total ventricle size in the ill twin
were each significantly related to increased rates of la-
bor-delivery complications, neonatal complications,
and total obstetric complications for the entire repro-
ductive sequence. An especially large left lateral ventri-
cle and a larger third ventricle in the ill twin were not
associated with an increase in any obstetric complica-
tion summary score.

As also hypothesized, the occurrence of prolonged
labor was highly significantly related to smaller left
hippocampus size in the ill twin and also significantly
related to larger right lateral ventricle size and larger
total ventricle size in the ill twin (table 1). Prolonged
labor occurred frequently, in nine of 12 twin pairs, in

TABLE 1. Relationship Between Relative Size of Brain Structures and History of Prolonged Labor for 22 Monozygotic Twin Pairs
Discordant for Schizophrenia

Brain Structure and 
Size Subgroupa

Range of Within-Pair 
Size Differences (%)

Prolonged Labor Analysis

Yes No pb Odds Ratio 95% CI

Hippocampus
Left 0.0005 57.0 2.6–1254.2

Smaller (N=12) –26 to –7 9 3
Larger (N=10) –6 to 8 0 10

Right n.s. 3.2 0.5–19.0
Smaller (N=11) –39 to –10 6 5
Larger (N=11) –9 to 13 3 8

Lateral ventriclec .
Left n.s 2.9 0.4–19.2

Larger (N=9) 64 to 10 5 4
Smaller (N=10) 7 to –65 3 7

Right 0.02 18.7 1.5–223.1
Larger (N=10) 55 to 3 7 3
Smaller (N=9) 0 to –61 1 8

Third ventriclec n.s. 1.3 0.2–8.9
Larger (N=11) 49 to 11 5 6
Smaller (N=8) 5 to –51 3 5

Total ventriclesc 0.005 31.3 2.3–422.6
Larger (N=9) 163 to 30 7 2
Smaller (N=10) 28 to –123 1 9

a Approximate median split of group, based on value for ill twin minus value for well twin, divided by value for ill twin. Prolonged labor is
hypothesized to be related to smaller hippocampi and to larger ventricles.

b Fisher’s exact test, one-tailed.
c Missing data for three twin pairs.
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the subgroup in which the ill twin had a relatively
small left hippocampus and did not occur at all in the
subgroup in which the ill twin had a relatively larger
left hippocampus.

When prolonged labor was used as a predictor vari-
able for relative size of the brain structures within the
pair, pairs with prolonged labor, compared with the
remaining pairs, were found to have significantly
smaller left and right hippocampus size in the ill twin
and also significantly larger right lateral ventricle size
and larger total ventricle size in the ill twin (table 3).
Furthermore, length of labor, measured in hours, cor-
related significantly with relatively small left hippoc-
ampus size (Spearman rank correlation rs=–0.55, N=
20, p=0.006), larger right lateral ventricle size (rs=
0.53, N=17, p=0.02), and larger total ventricle size in
the ill twin (rs=0.41, N=17, p=0.05), but not with rel-
atively small right hippocampus size (rs=–0.28, N=20,
n.s.), larger left lateral ventricle size (rs=0.01, N=17,
n.s.), or larger third ventricle size (rs=0.17, N=17, n.s.)
in the ill twin.

TABLE 2. Relationship Between Relative Size of Brain Structures and History of Obstetric Complications for 22 Monozygotic Twin
Pairs Discordant for Schizophrenia

Smaller sizea Larger sizea

Score on McNeil- 
Sjöström Scale for

Obstetric Complications

Score on McNeil- 
Sjöström Scale for

Obstetric Complications
Mann-Whitney-
Wilcoxon Testb

Brain Structure and Time of Complication N Mean SD N Mean SD z p

Hippocampus
Left

Entire pregnancy 12 2.17 3.56 10 1.30 1.64 –0.17 n.s.
Labor-delivery 12 1.25 0.54 10 0.80 1.00 –1.76 0.04
Neonatal 12 0.50 0.52 10 0.60 0.74 0.22 n.s.
Total reproductive sequence 12 2.25 2.05 10 2.35 2.01 –0.20 n.s.

Right
Entire pregnancy 11 1.00 1.90 11 2.55 3.45 –1.86 n.s.
Labor-delivery 11 1.36 0.81 11 0.73 0.68 –1.85 0.03
Neonatal 11 0.59 0.49 11 0.50 0.74 –0.61 n.s.
Total reproductive sequence 11 2.59 1.97 11 2.00 2.05 –1.03 n.s.

Lateral ventriclec

Right
Entire pregnancy 9 2.44 3.71 10 0.90 1.85 –1.77 n.s.
Labor-delivery 9 0.56 0.46 10 1.35 0.91 –2.18 0.02
Neonatal 9 0.33 0.56 10 0.80 0.63 –1.60 0.06
Total reproductive sequence 9 1.39 1.08 10 2.85 2.07 –1.91 0.03

Left
Entire pregnancy 10 2.70 3.74 9 0.44 0.53 –1.86 n.s.
Labor-delivery 10 0.70 0.63 9 1.28 0.94 –1.55 n.s.
Neonatal 10 0.40 0.57 9 0.78 0.67 –1.24 n.s.
Total reproductive sequence 10 2.05 2.42 9 2.28 0.79 –1.00 n.s.

Third ventriclec

Entire pregnancy 8 0.88 0.99 11 2.18 3.71 –0.31 n.s.
Labor-delivery 8 1.19 0.96 11 0.82 0.72 –0.72 n.s.
Neonatal 8 0.56 0.73 11 0.59 0.58 –0.27 n.s.
Total reproductive sequence 8 2.06 1.05 11 2.23 2.24 –0.38 n.s.

Total ventriclesc

Entire pregnancy 10 2.20 3.58 9 1.00 1.94 –1.29 n.s.
Labor-delivery 10 0.50 0.47 9 1.50 0.83 –2.77 0.003
Neonatal 10 0.30 0.54 9 0.89 0.60 –2.04 0.02
Total reproductive sequence 10 1.25 1.11 9 3.17 1.92 –2.62 0.004

a Approximate median split of group, based on percentage of within-pair size difference (value for ill twin minus value for well twin, divided
by value for ill twin).

b One-tailed for each hypothesis. Obstetric complications are hypothesized to be related to small hippocampi and to large ventricles.
c Missing data for three twin pairs.

TABLE 3. Prolonged Labor as Predictor of Relative Size of
Brain Structures in 22 Monozygotic Twin Pairs Discordant for
Schizophrenia

Within-Pair Difference
in Size (%)a Mann-

Whitney-
Wilcoxon 

Testb
Prolonged

Labor (N=9)
No Prolonged 
Labor (N=13)

Brain Structure Mean SD Mean SD z p

Hippocampus
Left –15.67 7.02 –2.38 6.25 –3.41 0.0003
Right –16.89 12.93 –6.00 9.74 –2.04 0.02

Lateral ventriclec

Right 27.25 20.30 –12.82 31.18 –2.60 0.005
Left 20.38 22.86 3.82 25.19 –0.99 n.s.

Third ventriclec 16.50 20.18 5.36 20.28 –0.99 n.s.
Total ventricle 

size (sum of 
signed scores)c 64.13 55.96 –3.64 57.18 2.23 0.02

a Value for ill twin minus value for well twin, divided by value 
for ill twin.

b One-tailed.
c Missing data for three twin pairs.
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In contrast, the signs of brain abnormality in the ill
twin, such as especially small hippocampi and espe-
cially large ventricles, were not significantly related to
rates of pregnancy complications (table 2) or to rates of
minor physical anomalies (table 4). Furthermore, birth
order in itself was not significantly related to small hip-
pocampi or large ventricles in the ill twin versus the
well twin (results available from authors on request).

DISCUSSION

Within 22 monozygotic twin pairs discordant for
schizophrenia, the ill twin significantly more often had
smaller left and right hippocampi, a larger left lateral
ventricle, and a larger total ventricle size than the men-
tally well co-twin. These results were congruent with
the results for a smaller subsample of these cases that
had been previously examined (26). The results also
corroborate previous findings in studies of individuals
with schizophrenia born singly (1, 6, 14).

As predicted, obstetric complications were found to
be significantly associated with the relative size of
brain structures of the ill twins. Increased rates of total
obstetric complications for the entire reproductive se-
quence, as well as of labor-delivery and neonatal com-
plications, were associated with relatively large right
ventricle size and relatively large total ventricle size in

the ill twin. Labor-delivery complications were more
specifically related to relatively small left and right hip-
pocampus size in the ill twin. As a single obstetric com-
plication chosen a priori, prolonged labor showed an
impressively strong relationship to smaller hippocam-
pal size and larger right lateral ventricle and total ven-
tricle size in the ill twin. Prolonged labor occurred very
frequently, in nine of 12 pairs, and only in pairs in
which the ill twin had a notably smaller left hippocam-
pus. The left hippocampus has been identified as a
brain area of particular importance in schizophrenia
(6), especially in relation to positive psychotic symp-
toms (2). Indeed, correlational analyses showed in-
creased length of labor to be significantly related to
smaller relative size of the left hippocampus in the ill
twin versus the well twin, as well as to larger right lat-
eral ventricle and total ventricle size in the ill twin ver-
sus the well twin.

Prolonged labor thus bore an impressive association
with the relative brain structure characteristics in the
ill twins. This obstetric complication has been found to
characterize patients with schizophrenia in previous
studies (28, 29, 31). The definition of prolonged labor
used in this study (more than 10 hours in null parae,
more than 6.5 hours in others) was based on modern
Swedish recommendations for optimal delivery times
and was previously used empirically in our prospective
study of high-risk offspring (39, 41) and in our previ-
ous study of obstetric complications in the these twin
pairs (30). In our previous study, the discordant pairs
had significantly increased rates of prolonged labor de-
fined in this manner compared with normal or concor-
dant monozygotic twin pairs. Thus, prolonged labor
was a salient characteristic of the discordant twin
group. This definition of prolonged labor is liberal by
other obstetric standards; our international obstetric
complication scale (42) defines prolonged labor as
more than 16 hours and more than 10 hours for null
versus one or more parae, respectively. During labor,
the mothers of the twins in this study appeared to have
been subject to considerable clinical surveillance and
assisted with interventions as needed, and thus their la-
bors may not have been extremely protracted, as is
sometimes seen in other samples of offspring with
schizophrenia. Nevertheless, the significant correla-
tions between actual length of labor and both smaller
left hippocampus size and larger left lateral ventricle
size and larger total ventricle size indicate the apparent
relevance of prolonged labor even within the range of
labor durations observed for this sample.

Despite the unusual research opportunities offered
by this sample, sample size was nevertheless limited,
and the power to detect significant differences in
within-group analyses of 22 cases was necessarily lim-
ited. The odds ratios for some of the statistically non-
significant findings in table 1 suggested interesting ten-
dencies for prolonged labor to be associated with the
size of other brain structures (right hippocampus odds
ratio=3.2; left lateral ventricle odds ratio=2.9), and
these associations might have reached statistical signif-

TABLE 4. Relationship Between Relative Size of Brain Struc-
tures and Minor Physical Anomalies for 22 Monozygotic Twin
Pairs Discordant for Schizophrenia

Brain Structure and 
Size Subgroupa

Minor Physical 
Anomaly Scoreb

Mann-Whitney-
Wilcoxon Testc

Mean SD z p

Hippocampus
Left –1.20 n.s.

Smaller (N=11) 4.73 1.65
Larger (N=10) 6.00 2.48

Right –1.45 n.s.
Smaller (N=10) 4.60 1.66
Larger (N=11) 6.00 2.37

Lateral ventricled

Right –0.93 n.s.
Larger (N=9) 4.50 1.60
Smaller (N=9) 5.56 2.42

Left –0.75 n.s.
Larger (N=9) 4.56 1.59
Smaller (N=9) 5.50 2.45

Third ventricled –0.31 n.s.
Larger (N=10) 4.75 1.65
Smaller (N=8) 5.38 2.56

Total ventriclesd –0.58 n.s.
Larger (N=8) 4.63 1.66
Smaller (N=10) 5.35 2.37

a Approximate median split of group, based on percentage of
within-pair size difference (value for ill twin minus value for well
twin, divided by value for ill twin). Minor physical anomalies are
hypothesized to be positively related to small hippocampi and to
large ventricles. Data on minor physical anomalies were missing
for one of the 22 pairs.

b Measured by using a modification of the Waldrop scale (38).
c One-tailed.
d Missing data for three twin pairs.
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icance had the sample size been larger. The small sam-
ple size suggests caution in drawing any conclusions
about the specificity of relationships between pro-
longed labor and only the left hippocampus as well as
only the right lateral ventricle.

Because of the general absence of medical obstetric
records for this North American sample, retrospective
maternal reports were used as the source of informa-
tion on obstetric complications. The validity of mater-
nal reports of obstetric complications has been the sub-
ject of much speculation, generally unaccompanied by
empirical facts. The first systematic study of psychiat-
ric samples clearly suggested maternal reports to be a
satisfactory source of information on obstetric compli-
cations (43). In our recent study (44) of medical record
information versus retrospective reports of Swedish
mothers (mean age=64 years) of patients with schizo-
phrenia and of normal comparison subjects, consider-
able discrepancies between the records and the reports
of obstetric events and conditions 35 years in the past
were found for both maternal groups. In both groups,
errors of omission were more frequent than errors of
commission, with patients’ mothers tending toward
more omissions than comparison mothers (Mann-
Whitney-Wilcoxon test, N=45 patient mothers and N=
34 comparison mothers, p=0.06, two-tailed). In the
sample of twins included in this study, evidence indi-
cated clearly that the reports given by the mothers ap-
peared to be free of commissive errors (30). Most re-
ported obstetric complications concerned both the ill
and the well twin in the pair, and the well twin was of-
ten reported to be the more abnormal of the two when
differences in obstetric complications did occur within
the pair. Furthermore, the report data had predictive
validity, as they strongly related to other characteristics
of the twins in adulthood; the obstetric complications
reported by parents related significantly to indepen-
dently assessed minor physical anomalies (32), neuro-
logical abnormality (45), and brain structure size.
These three correlates of obstetric complications can
all be objectively and reliably investigated (26, 46, 47),
while the reliability of information on obstetric com-
plications is less certain. Given the possible general
tendency toward errors of omission (but not commis-
sion) in data on obstetric complications, the possibility
exists that even more striking relationships would have
been observed between obstetric complications and
brain structure characteristics if information on the
obstetric complications been entirely veridical.

In total, the results for pregnancy complications, mi-
nor physical anomalies, labor-delivery complications,
birth order, and brain structure characteristics suggest
at least two possible trajectories, with seemingly differ-
ent temporal paths for obstetric complications within
the twin sample (30). One trajectory relates labor-de-
livery complications to small left hippocampus size to
later schizophrenia. Evidence for this trajectory in-
cludes our finding that brain abnormality in the ill
twin (small hippocampus, enlarged ventricles) was sig-
nificantly positively related to total obstetric complica-

tions and especially to labor-delivery complications,
but not to prenatal influence as represented by both
pregnancy complications and minor physical anoma-
lies. This relationship may be partly mediated by birth
order, as discordant pairs in which the twin with
schizophrenia was born second in the pair had very
high rates of labor-delivery complications but lower
rates of pregnancy complications (30), and increased
rates of labor-delivery complications were related to
both small hippocampi and enlarged ventricles in the
ill twin. Second-born birth order in the ill twin thus
appears to play a role by mediating labor-delivery
complications.

The other possible trajectory relates pregnancy com-
plications to minor physical anomalies to nondeviant
brain structure (in the ill versus the well co-twin) to
later schizophrenia. This trajectory may tend especially
to characterize pairs in which the twin with schizo-
phrenia was first born (30). This subgroup had high
rates of pregnancy complications (73%) and lower
rates of prolonged or precipitous labor (33%) (30).
Pregnancy complications were significantly positively
related to minor physical anomalies in these discordant
pairs (32), but neither pregnancy complications nor
minor physical anomalies were significantly related to
structural brain abnormality in the ill (versus the well)
discordant twins. In fact, both pregnancy complica-
tions and minor physical anomalies tended to be re-
lated to less brain abnormality in the ill twin (table 2:
right hippocampus and right and left lateral ventricles;
table 4: all brain structures). The most likely explana-
tion for this pattern of results is that the brain regions
found to be affected in these ill twins are susceptible to
late-occurring obstetric complications, such as labor-
delivery complications and even neonatal complica-
tions (table 2), but not to the earlier developmental
events represented by minor physical anomalies and
pregnancy complications. Furthermore, minor physi-
cal anomalies and pregnancy complications were sig-
nificantly negatively related to labor-delivery compli-
cations in this sample (48), supporting the concept of
two different developmental trajectories.

With respect to possible etiological variability, there
may well be different timing sequences for obstetric
complications as well as different etiological influences
among the twin pairs. Twins with schizophrenia whose
structural brain characteristics do not differ notably
from those of their well co-twins may have received
their illness through a different etiological process than
did ill twins with notable brain differences, which seem
to be related to obstetric complications, and to labor-
delivery complications in particular. The concordant
pairs in the twin series studied by Torrey et al. are in-
teresting in this respect, as our previous study found
that they had significantly lower rates of total labor-
delivery complications than the discordant pairs
(Mann-Whitney-Wilcoxon test, N=10 and N=23, p=
0.02), and only one of the 10 concordant pairs had an
abnormal length of labor compared with 52% of the
discordant pairs (30). Although the classic study of
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Fischer (49) indicated that genetic factors related to
schizophrenia are relevant for discordant pairs, some
authors have suggested that discordant pairs represent
proportionally more “environmental” etiological in-
fluence, while concordant pairs represent more “ge-
netic” etiological influence (50–52). This suggestion
would be congruent with the significantly increased
rates of labor-delivery complications in discordant
(versus concordant) twin pairs as well as with the ap-
parent relevance of labor-delivery complications for es-
pecially notable differences in brain structure size
within discordant pairs.

Interestingly, both the ill and the well co-twins in this
study had experienced the same prolonged labor and
many of the other obstetric complications as well, but
with entirely different psychiatric outcomes. Several
possible explanations for this apparent discrepancy in
outcome exist. First, the two twins may in reality have
received different exposures to what operationally ap-
pears to be the same complication. Previous evidence
has suggested clearly that only one of the two monozy-
gotic twins in a pair may be compromised by seem-
ingly untoward prenatal or perinatal influences (30)
and that the effect on individuals may depend on many
varied and differential prenatal or perinatal intra-uter-
ine influences. For example, twins in the same pair
may experience very different prenatal environments
as a function of inequality of blood flow, resulting in a
wide range of developmental deviations, from poorly
perfused cranial tissue and abnormal tissue formation
to gross structural deviations, growth retardation with
large within-pair birth weight differences, and even
death (53, 54). Differential blood flow could result not
only in the more obvious within-pair differences in
provision of oxygen and other nutrients but also in po-
tential differences in exposure to infectious and terato-
genic agents during pregnancy and labor. The observed
within-pair differences in brain structure size and asso-
ciated psychiatric outcome would be congruent with
such variations in exposure to the early perinatal
events recorded for these discordant twin pairs.

Second, the obstetric complications that occurred in
these discordant pairs may possibly have had a delete-
rious effect on the well co-twins but did not lead to
schizophrenia for other unknown reasons. A signifi-
cantly increased rate of neurological abnormality was
observed in these well co-twins compared with com-
parison twins (45), and their neurological abnormality
was found to be significantly related to obstetric com-
plications (45). Lewis et al. (55) have raised the possi-
bility that early trauma resulting, for example, from la-
bor-delivery complications might actually reduce
rather than increase risk for subsequent schizophrenia.
Such a reduced risk could possibly be a result of reor-
ganization of the surviving neural circuitry (56), lead-
ing to other neurological abnormality but not to
schizophrenia.

Third, other influences occurring during subsequent
developmental phases could have provided the basis
for divergence in both brain development and mental

health status. Perinatal trauma such as that observed in
the current sample is known to be related to consider-
able individual variation in long-term damage and re-
covery over time (57) as a result of such influences.
The results presented here represent only the relation-
ship between obstetric complications and adult status
regarding brain structure size and the presence or ab-
sence of schizophrenia and in no way take into account
environmental influences occurring after the neonatal
period.

The possibility that labor-delivery complications in
individuals who later develop schizophrenia are sec-
ondary consequences of preexistent abnormality in the
fetus has been raised by a number of authors (58–60).
This possibility would not explain the current findings,
as it would be unlikely that a second-born twin who
later developed schizophrenia would effectively cause
a prolonged labor, while a first-born twin who later de-
veloped schizophrenia or two such twins in the same
pair (concordants) would not cause prolonged labors.
Second-born status is known to be associated with in-
creased risk for asphyxia and other labor-delivery
complications (61). Furthermore, our analyses of data
on obstetric complications in the current twin sample,
in individuals with schizophrenia born singly, and in
genetically high-risk offspring indicated clearly that fe-
tuses with putative prenatal abnormality do not have
increased rates of labor-delivery complications, includ-
ing prolonged labor (41, 62). The current results show-
ing brain structure abnormality in the ill twin to be
positively related to labor-delivery complications but
not related to both prenatal factors (pregnancy compli-
cations and minor physical anomalies) would further
support the conclusion that labor-delivery complica-
tions are not secondary consequences of an identifiable
preexistent fetal abnormality. Had prenatal abnormal-
ity led to labor-delivery complications, then we should
have observed brain abnormality to be related to both
prenatal factors and labor-delivery complications, with
prenatal factors and labor-delivery complications pos-
itively related to each other. Neither of these condi-
tions obtained. Nevertheless, we cannot rule out that
the labor-delivery complications reflect a primary de-
velopmental defect in the fetus rather than an indepen-
dent trauma to the fetus at delivery. Indeed a recent
study has demonstrated that even gross cerebral mal-
formations can be associated with prenatal complica-
tions (63). One additional caveat here, in keeping with
findings on the tendency for omissions in obstetrical
histories, is that relevant adverse prenatal events may
be less dramatic and concrete and thus less likely to be
recalled and rated than are labor and delivery events.

The present findings of a relationship between ob-
stetric complications and brain structure abnormalities
among discordant pairs do not per se indicate that la-
bor-delivery complications “cause” schizophrenia, as
the current within-group analyses only compared ob-
stetric complication history for twins with schizophre-
nia who had more deviant versus less deviant brain
structure characteristics. What the current findings do
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suggest is that obstetric complications, especially la-
bor-delivery complications, and very specifically pro-
longed labor are related to brain structure characteris-
tics that are a central focus in schizophrenia. These
findings are all the more salient, as they emanate from
the very powerful discordant-twin research design and
implicate early environmental factors that have been
repeatedly observed in other studies of individuals
with schizophrenia (28, 29).

Important insights into the development of schizo-
phrenia might be obtained by providing a qualified an-
swer to the question of why only one of two genetically
identical twins, who are seemingly exposed to the very
same prolonged labor, develops both schizophrenia
and apparently associated structural brain changes
lasting into adulthood.
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