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Brain Volumes in Relatives of Patients
With Schizophrenia
A Meta-analysis
Heleen B. M. Boos, MS; André Aleman, PhD; Wiepke Cahn, MD, PhD; Hilleke Hulshoff Pol, PhD; René S. Kahn, MD, PhD

Context: Smaller brain volumes have consistently been
found in patients with schizophrenia, particularly in gray
matter and medial temporal lobe structures. Although several studies have investigated brain volumes in nonpsychotic relatives of patients with schizophrenia, results have
been inconsistent.
Objective: To determine the magnitude and extent of

brain volume differences in first-degree relatives of schizophrenic patients.
Data Sources: A systematic search was conducted to
identify relevant studies. Computer searches of the
MEDLINE database were performed for Englishlanguage articles published before July 2005. Relevant
abstracts published in 2005 were also selected.

culated. Data extraction and calculation of the effect size
were performed by 2 authors (H.B.M.B. and A.A.)who
reached a consensus in cases of uncertainty and discrepancies. All analyses were performed using the randomeffects model.
Data Synthesis: Twenty-five studies were identified as
suitable for analysis and included 1065 independent firstdegree relatives of patients, 679 patients with schizophrenia, and 1100 healthy control subjects. The largest
difference between relatives and healthy control subjects was found in hippocampal volume, with relatives
having smaller volumes than controls (d=0.31; 95% confidence interval [CI], 0.13-0.49; 9 effect sizes). Gray matter was smaller (d=0.18; 95% CI,0.02-0.33; 7 effect sizes)
and third-ventricle volume was larger (d=0.21; 95% CI,
0.03-0.40; 7 effect sizes) in relatives compared with
healthy control subjects.

Study Selection: Magnetic resonance imaging studies
that examined differences in brain volumes between firstdegree relatives of patients with schizophrenia and healthy
control subjects were obtained through computerized databases, including MEDLINE. Studies had to report sufficient data for computation of effect sizes.

Conclusion: Brain abnormalities are present in nonpsychotic first-degree relatives of patients with schizophrenia and are most pronounced in the hippocampus.

Data Extraction: For each study, the Cohen d was cal-
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TRUCTURAL BRAIN ABNORMALI-

ties are well established in
schizophrenia. Several metaanalyses 1,2 have reported
smaller brain volumes in
schizophrenia, with more pronounced reductions in the hippocampus and amygdala. However, the nature of these brain
changes is still unresolved. For instance,
whether these changes are a result of the
use of antipsychotic medication is a matter of debate.3-6 Similarly, it is unclear to
what extent these abnormalities are related to the vulnerability for developing the
illness. Both issues can be (partially) addressed by studying brain structures in
relatives of patients with schizophrenia.
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Clearly, the vulnerability for developing
schizophrenia is highly genetic: studies7 in
families of patients with schizophrenia have
shown that the origin of the disorder has
an estimated heritability of 80%, including interaction between the genes and environment. Thus, the presence of brain
changes in relatives of patients would suggest these to be related to the shared genetic risk of developing schizophrenia.
Moreover, brain volume differences in relatives cannot be the result of antipsychotic
medication. Therefore, examining brain volumes in nonpsychotic first-degree relatives of schizophrenic patients can clarify
some of the causes of the brain abnormalities observed in probands.
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In recent years, several studies have measured brain
volumes in nonpsychotic relatives of schizophrenic patients compared with those of healthy subjects. Most of
these studies8-16 showed smaller total brain volumes in
relatives, but others17-19 did not. Similarly, larger ventricular volume has been reported in several studies,14,16,19-22 but 2 other studies did not find this.12,23 Furthermore, medial temporal lobe structures were reportedly
smaller in several studies,9,17,19,24-27 but this finding has
not been universally replicated.8,11,16,20,28 Thus, although
brain abnormalities have been found in first-degree relatives of schizophrenic patients, the findings are inconsistent. Moreover, effect sizes in the individual studies
have not been quantitatively reviewed and integrated.
The aim of the present meta-analysis was to determine
the magnitude and extent of brain volume differences in
first-degree relatives of schizophrenic patients. We attempted to integrate the findings from magnetic resonance imaging (MRI) studies in relatives of patients with
schizophrenia. To this end, we examined volumes of global
brain structures and smaller structures in nonpsychotic firstdegree relatives of patients with schizophrenia compared
with those of healthy control subjects. In an additional analysis, we compared brain volumes of patients with those of
the unaffected relatives.
METHODS

DATA SOURCES
The MRI studies that examined differences in brain volumes
in first-degree relatives of patients with schizophrenia compared with healthy control subjects were obtained through computerized databases, including MEDLINE. The keywords used
in the computerized search were brainabnormalit(s), relative(s), and schizophre(s). The terms relative(s), sib(s), parent(s),
and schizophre(s) were also combined with brain volume(s), gray
matter, white matter, ventricle(s), and hippocampus. Titles and
abstracts of the articles were examined to see whether or not
they could be included. Additional studies were obtained by a
hand search of journals published in 2005 that most frequently publish articles on structural brain imaging in schizophrenia to find articles that had not yet been included in computerized databases. The journals included the following:
Archives of General Psychiatry, The American Journal of Psychiatry, Biological Psychiatry, Schizophrenia Research, Psychiatry Research: Neuroimaging, American Journal of Medical Genetics, and Neurobiology of Disease. Bibliographies of included
articles were used for a further search. Finally, abstracts from
conferences on schizophrenia presented in 2005 were taken into
account.

STUDY SELECTION
Forty-three studies were identified as potential candidates for
the meta-analysis. Studies were included if (1) they were MRI
studies of brain structures published before July 2005 or they
were not yet published but were presented as an abstract at the
International Congress on Schizophrenia Research in 2005, (2)
they compared first-degree relatives of patients with schizophrenia with a healthy control group (having no history and
family history of psychosis), (3) they were published in the English language, and (4) they reported sufficient data to obtain
the effect size: means, standard deviations, exact P values, or
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exact F values for a 2-group comparison. Studies in which some
of the relatives had an ill family member diagnosed as having
schizoaffective disorder (instead of schizophrenia) were also
included in this analysis.
Fifteen studies were excluded from the meta-analysis because they did not show relevant data to enable us to compute
the Cohen d values.29-42 Five studies were excluded because they
did not report brain volumes of relatives of schizophrenic patients compared with healthy control subjects.43-47 Twenty-five
studies were identified as suitable for our meta-analysis and included 1065 independent first-degree relatives of patients, 679
patients with schizophrenia, and 1100 control subjects. The 25
studies that were identified as suitable reported brain volumes
of different types of first-degree relatives; namely, siblings,*
monozygotic twins,10,11,14,16,25,27,49 dizygotic twins,11,14,25,27,49 parents,15,17,18,21,28,48,50,51 and offspring.24 Four studies did not
specify first-degree relatives.8,19,21,26 Together, the 25 studies reported volumes of 56 brain structures. Some of these structures
were not evaluated by more than 3 studies, and in this case,
these structures were not examined in the analysis. Table 1
lists the included articles and the brain structures that were
analyzed.

DATA EXTRACTION
This meta-analysis was performed to examine measurements
of volumes in global brain structures and smaller structures in
the medial temporal lobe in nonpsychotic first-degree relatives of schizophrenic patients and healthy control subjects. The
structures that were suitable for analysis included total brain,
intracranial, lateral ventricle, third-ventricle, gray matter, white
matter, amygdala-hippocampal, hippocampal, and cerebrospinal fluid volume. If sufficient data were present, an analysis was
performed to examine the effect of the side of the brain and
differences in volumes between patients and relatives.
The key to meta-analysis is defining an effect size statistic capable of representing the quantitative findings of a set of research
studies in a standardized form that permits meaningful comparison and analyses across the studies.52 Therefore, for each study
in this meta-analysis, the effect size statistic Cohen d was calculated. The Cohen d is the difference between the mean of the
experimental group and the mean of the comparison group divided by the pooled standard deviation. In this analysis, the mean
volume of a specific brain structure for relatives of patients with
schizophrenia was subtracted from the mean volume for comparison subjects and divided by the pooled standard deviation
of both. When means and standard deviations were not available, d values were calculated from exact P values, t values, or
F values. Data extraction and computation of the effect sizes were
performed independently by 2 of the authors (H.B.M.B. and A.A.).
In cases of discrepancies, a consensus was reached by means of
discussion. After computing individual effect sizes for each study,
meta-analytic methods were applied to obtain a combined effect
size, which indicated the magnitude of the association across all
studies.53 Individual effect sizes were inverse variance weighted
to correct for upwardly biased estimation of the effect in small
sample sizes.53,54 Additionally, a homogeneity statistic, Q, was
calculated to test whether the studies could be assumed to share
a common population effect size. A significant Q statistic indicates heterogeneity of the individual study effect sizes, which
poses a limitation to a reliable interpretation of the results. If significant heterogeneity is found, a moderator analysis can be performed to investigate the potential moderating factors.54 A t test
was subsequently performed on the null hypothesis that the d
value is 0.00, which we report together with the associated P value.
*References 9, 12, 13, 16-18, 20, 22, 23, 48.
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Table 1. Summary of 25 Studies in Meta-analysis and Included Brain Volumes
Source
Baare et al,14 2001
Boos et al,15 2005
Cannon et al,23 1998
Cannon et al,13 2002
Falkai et al,50 2004
Gogtay et al,12 2003
Hulshoff Pol et al,11 2004
Keshavan et al,24 2002
Lawrie et al,19 2001
Marcelis et al,18 2003
McDonald et al,21 2002
Narr et al,25 2002
Narr et al,48 2002
Noga et al,10 1996
O’Driscoll et al,26 2001
Schulze et al,28 2003
Seidman et al,22 1997
Seidman et al,51 1999
Seidman et al,17 2002
Sharma et al,49 1999
Staal et al,20 1998
van Erp et al,9 2002
van Erp et al,27 2004
van Haren et al,16 2004
Wood et al,8 2005

No. of Relatives

No. of Controls

No. of Patients

Included Brain Volumes

29
66
60
51
51
15
22
17
147
32
96
20
20
12
20
96
6
28
45
55
16
58
46
32
79

58
52
56
54
41
32
44
22
36
27
68
40
20
12
14
68
11
26
48
39
32
53
109
146
49

29
NA
75
64
45
NA
22
NA
34
31
66
20
NA
12
NA
66
NA
NA
18
29
16
72
48
32
NA

IC, TB, LV, 3V
IC, TB, LV, GM, WM, 3V
IC, GM, WM
TB, GM, WM
NA
GM, WM, LV
IC, TB, GM, WM
NA
TB, LV, 3V, AHC
TB, GM, WM
TB, LV, 3V
HC
NA
TB
HC
HC
NA
TB, LV, 3V, WM, AHC
HC
TB
GM, WM, LV, 3V, HC
TB, HC
IC, GM, HC
TB, LV, 3V, HC
TB, HC, NA

Abbreviations: AHC, amygdala-hippocampal complex; GM, gray matter; HC, hippocampus; IC, intracranial; LV, lateral ventricle; NA, not applicable/not available;
TB, total brain; WM, white matter; 3V, third ventricle.

According to Cohen,55 d values of 0.2 show small effects. Values between 0.4 and 0.6 are moderate effects, and d values of 0.8
or higher are large effects. All analyses were performed with a
random-effects model using comprehensive meta-analysis.56 A
random-effects model assumes that the true effect size estimated
by different studies varies among studies because of differences
in samples or paradigms and that these true effect sizes have a
normal distribution (ie, heterogeneity exists).57
To examine the possibility of publication bias, we computed a fail-safe number of studies.54,58 Publication bias implies that studies with no effect may not be published, posing
a threat to the stability of the obtained effect size. The fail-safe
number of studies indicates the number of unpublished studies with null effects that must reside in file drawers to reduce
the observed effect size to a negligible level. The statistic can
be calculated with the use of the formula given by Orwin58 and
Lipsey and Wilson52:
k⫻[(ESk-ESc)−1].
In this formula, k is the number of studies, ESk, the mean
weighted effect size; and ESc, the criterion effect size (which
we set at a d value of 0.10).

DATA SYNTHESIS
The structures that were analyzed, the number of studies included, and the number of subjects in which the structures were
measured are reported in Table 1. The composite effect sizes
(Cohen d, associated confidence intervals, Q statistics, and P
values) of all studies for the different structures are reported
in Table 2. Only those structures for which the volumes were
explored in more than 3 individual studies were analyzed. In
applicable studies, brain volumes of patients were also compared with those of relatives.
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RESULTS

As presented in Table 2, the results of our meta-analysis
indicate brain volume differences between first-degree
relatives of patients with schizophrenia and healthy control subjects. The largest effect was found for hippocampal volume, with smaller volumes in relatives compared
with healthy subjects (Figure 1). In this analysis, 9 studies were included, with a group size of 421 relatives of
patients with schizophrenia and 603 healthy control subjects. One of the studies that measured hippocampal volumes controlled for intracranial volume and 8 studies for
whole brain volume. The combined-effect Cohen d of the
9 studies was 0.31 (P⬍.001). Excluding the studies that
controlled for intracranial volume did not change the results, and analyzing studies (n=12) that measured hippocampal together with amygdala volume even showed
a combined-effect Cohen d of 0.52 (P =.005). The largest effect was found in left hippocampal volume (d=0.47;
P=.04; right hippocampal volume: d=0.23; P=.04). When
we measured hippocampal volume in relatives compared with control subjects, the fail-safe number was 18,
large enough to lend credence to our findings.
Small effects were found in cerebral gray matter
(smaller in relatives vs healthy control subjects; d=0.18;
P = .04; fail-safe number = 7) (Figure 2) and thirdventricle volume (larger in relatives than in healthy control subjects; d = 0.21; P = .02; fail-safe number = 8)
(Figure 3). The analysis of gray matter volume included 7 studies, with a group size of 249 relatives and
285 healthy control subjects. The analysis of thirdWWW.ARCHGENPSYCHIATRY.COM
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Table 2. Brain Structures Included in Meta-analysis and Results

Brain Structure

No. of
Studies

No. of
Relatives

No. of
Controls

Mean Weighted Effect Size:
Cohen d (95% CI)

Within-Category
Homogeneity Statistic (Q )

P Value
for Q

13
8
7
7
7
7
12

605
335
367
414
249
245
605

633
369
412
418
285
284
675

0.28 (−0.02 to 0.57)
0.12 (−0.04 to 0.27)
0.11 (−0.05 to 0.27)
0.21* (0.03 to 0.40)
0.18* (0.02 to 0.33)
0.40 (−0.04 to 0.83)
0.52* (0.16 to 0.89)

63.99
4.04
5.85
8.31
4.68
33.25
94.17

⬍.001
.77
.44
.22
.70
⬍.001
⬍.001

9
9
9
4

421
499
499
96

603
444
444
121

0.31* (0.13 to 0.49)
0.47* (0.34 to 0.61)
0.23* (0.01 to 0.46)
0.61 (0.08 to 1.14)

13.79
6.56
19.43
9.81

.09
.58
.01
.02

Total brain
Intracranial
Lateral ventricle
Third ventricle
Gray matter
White matter
Amygdala-hippocampus
Hippocampus
Total
Left
Right
Cerebrospinal fluid

Abbreviation: CI, confidence interval.
*P⬍.05.

Source
Baare et al,14 2001
Toulopoulou et al,61 2003
Schulze et al,28 2003
Seidman et al,17 2002
Staal et al,20 1998
van Erp et al,9 2002
van Erp et al,27 2004
van Haren et al,16 2004
Wood et al,8 2005
Combined (9)

Sample Size

Effect

P Value

87
60
164
93
48
155
111
178
128
1024

0.511
0.641
0.220
0.110
–0.108
0.595
0.619
0.139
0.014
0.308

.03
.02
.16
.59
.72
.002
.001
.47
.94
.001

Source
Baare et al,14 2001
Boos et al,15 2005
Lawrie et al,19 2001
McDonald et al,21 2002
Seidman et al,17 2002
Staal et al,20 1998
van Haren et al,16 2004
Combined (7)

Sample Size

Effect

P Value

87
118
183
164
54
48
178
832

0.091
–0.046
0.000
0.277
0.383
0.829
0.351
0.214

.69
.80
>.99
.08
.16
.008
.07
.02

–2.00 –1.00 0.00 1.00 2.00
Smaller Volume Larger Volume

–2.00 –1.00 0.00 1.00 2.00
Larger Volume Smaller Volume

Figure 3. Mean third-ventricle volume. Error bars indicate 95% confidence
interval.
Figure 1. Mean total hippocampal volume. Error bars indicate 95%
confidence interval.

Source
Boos et al,15 2005
Cannon et al,23 1998
Cannon et al,13 2002
Gogtay et al,12 2003
Hulshoff Poi et al,11 2004
Marcelis et al,18 2003
Staal et al,20 1998
Combined (7)

Sample Size

Effect

118
80
116
47
66
59
48
534

0.220
0.303
0.174
0.661
0.034
–0.159
0.083
0.179

P Value
.24
.18
.35
.04
.90
.54
.78
.04

–2.00 –1.00 0.00 1.00 2.00
Larger Volume Smaller Volume

Figure 2. Mean cerebral gray matter volume. Error bars indicate 95%
confidence interval.

ventricle volume included 7 studies with 414 relatives
and 418 healthy controls. Analyses of volumes of the total
brain, intracranial space, lateral ventricles, and white matter did not show significant effects. However, the analysis of total brain and white matter volume showed a trend
toward significance (total brain: d = 0.28; P = .06; white
matter: d = 0.40; P = .07; both smaller in relatives compared with healthy subjects).
Seventeen studies also included a sample of patients
(679 patients with schizophrenia and 790 nonpsychotic
relatives). Nine studies evaluated the hippocampus among
335 patients and 511 relatives, showing a moderate effect
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(d = 0.43; P = .001; 95% confidence interval, 0.17-0.68)
with patients having smaller hippocampal volumes than
relatives. This result showed significant heterogeneity
(Q=22.28; P =.004). However, one study was an outlier,
reporting a large decrease in hippocampal volume.46 When
we excluded this study, the heterogeneity was not significant (d = 0.29; P⬍.001; Q = 2.67; P = .91). The failsafe number of studies for this analysis was 29, large
enough to lend credence to our findings.
In the analysis that compared first-degree relatives with
healthy control subjects, most Q values were nonsignificant (Table 2) except for those in the analyses of amygdalahippocampal complex volume, white matter volume, total
brain volume, and cerebrospinal fluid volume. This significant Q value indicates heterogeneity of the individual study effect sizes and thus limits reliable interpretation of these results.
COMMENT

This meta-analysis integrated the results of 25 MRI studies that compared brain volumes of 1065 nonpsychotic
first-degree relatives of patients with schizophrenia with
those of 1100 healthy control subjects. The results indicate that brain volumes in relatives of patients with schizophrenia differ from those of healthy control subjects, with
effect sizes in the small to moderate range. The largest
effect is found in hippocampal volume (d=0.31), with
WWW.ARCHGENPSYCHIATRY.COM
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relatives of patients having smaller volumes than healthy
control subjects. In addition, total gray matter volume
(d=0.18) and third-ventricle (d=0.21) volume are smaller
in relatives compared with healthy control subjects. Although total brain and white matter volume did not differ significantly in relatives compared with healthy controls, both structures showed a trend toward significance
(P=.06 and P=.07, respectively). The analysis that compared patients with schizophrenia with first-degree relatives showed smaller hippocampal volumes in the patients (d=0.43). In addition, 3 studies that were excluded
from this meta-analysis examined hippocampal volumes in first-degree relatives compared with healthy control subjects. Two studies also showed smaller volumes
in relatives compared with healthy controls.32,36 However, Harris et al33 did not find this.
The results of this meta-analysis suggest that brain abnormalities in schizophrenia are related (in part) to the
risk of developing the disease and that these brain changes
may therefore predate the clinical onset of the disorder.
Moreover, they argue against the notion that the brain
abnormalities in schizophrenia are solely caused by antipsychotics. These conclusions are bolstered by the finding that the brain structures affected in relatives are the
same as those reported to be abnormal in patients.2 The
findings are supported by 2 studies59,60 that reported reduced gray matter volumes in similar brain structures of
individuals at high risk for schizophrenia. Both studies
reported that those relatives who later develop psychotic symptoms have a more severe reduction before the
onset of these symptoms.
The finding of hippocampal volume reduction in relatives of schizophrenic patients also dovetails with the results of recent meta-analyses regarding cognitive functioning in relatives.61,62 In these articles, lower performance
in relatives of patients compared with healthy control subjects was reported on several cognitive domains, including verbal and declarative memory, executive functioning, and attention. Interestingly, Sitskoorn et al62 found
that the largest effect size was obtained for verbal memory
(d = 0.54), being significantly worse in relatives of patients than in healthy subjects. However, the performance of relatives on these cognitive tasks was less
impaired than has been reported in patients with schizophrenia.63,64 Indeed, decreased verbal memory is one of
the most robust neuropsychological findings in schizophrenia.60 Deficits in verbal memory have generally been
associated with smaller (left) hippocampal volume,65 as
is also the case in patients with schizophrenia66,67 and their
relatives.17,26 In the present meta-analysis, the effect size
was considerably larger for the left than for the right
hippocampus. This finding is consistent with findings
from lesion and functional MRI studies in healthy subjects, suggesting more involvement of the left hippocampus in encoding and recognition of verbal as opposed to visual or pictorial material.68 The suggestion of
smaller left hippocampal volume as a vulnerability indicator for schizophrenia, put forward by Seidman et al,17
is also consistent with these observations.
The findings of this meta-analysis suggest that a common genetic vulnerability to developing schizophrenia
is reflected in brain morphologic findings. McDonald et
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al69 demonstrated that the genetic risk of schizophrenia
is associated with an extensive system of gray matter deficits and white matter abnormalities. However, only a few
studies have identified specific genes in relation to brain
volume abnormalities in schizophrenia. Szeszko et al70
studied 19 patients with schizophrenia and 25 healthy
control subjects and reported a role for brain-derived neurotropic factor in determining hippocampal volume. More
relevant to the finding of the current meta-analysis, Callicott et al71 examined the effects of the DISC1 gene on
the risk of schizophrenia and its impact on the hippocampus. They found that DISC1 increased the risk of developing the disease and was also associated with structural and functional alterations in the hippocampus.
However, smaller hippocampal volumes in relatives
of patients with schizophrenia could also have been caused
by environmental factors. Obstetric complications such
as hypoxia are known to result in smaller brain volumes, affecting the hippocampus profoundly.21,72,73 Smaller
hippocampal volumes have also been associated with brain
injury65,74,75 and stress65,76 and have been found not only
in schizophrenia but also in several other psychiatric disorders, such as major depression, posttraumatic stress disorder, obsessive-compulsive disorder, and borderline personality disorder. 65 An important function of the
hippocampus and amygdala is the regulation of the hypothalamic-pituitary-adrenal axis, which plays a role in
stress processing. This regulation may be altered because of a genetic predisposition. In depression, the hypothalamic-pituitary-adrenal axis is strongly activated and
the adrenal cortex hypersecretes glucocorticoids such as
cortisol. Although less pronounced, considerable hypothalamic-pituitary-adrenal activation is also found in
schizophrenia.77 On the basis of earlier animal experiments, overexposure to cortisol during prolonged periods of stress is expected to damage the brain, particularly the hippocampus. Sapolsky et al77 provided evidence
in rats that chronic stress, with the concomitant increase in corticoid levels, causes loss of neurons in the
hippocampus and subsequent deficits in memory function and cognition. In patients with depression, this glucocorticoid cascade has also been presumed to result in
decreased hippocampal volume,78 possibly explained by
apoptosis.79 Both apoptosis and neurogenesis have been
shown to occur in the hippocampus.80 Thus, smaller hippocampal volumes in patients with schizophrenia and
their first-degree relatives might also be the result of stressrelated processes in the brain.81
These hypotheses regarding putative genetic and environmental factors underlying hippocampal damage in
relatives of schizophrenic patients can be integrated by
taking gene-environment interactions into account. Geneenvironment interactions may result from genetically mediated differences in the sensitivity to environmental factors or environmentally mediated influences on gene
expression. Evidence of genetically mediated differences in environmental factor sensitivity shows that
slightly elevated rates of obstetric complications are found
not only in patients with schizophrenia but also in their
nonpsychotic first-degree relatives.82,83 As reported by Cannon et al,83 most of these relatives exposed to obstetric
complications did not develop schizophrenia, and thus
WWW.ARCHGENPSYCHIATRY.COM
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these factors are incapable of causing schizophrenia on
their own. Obstetric complications may act additively or
interactively with genetic factors in influencing liability
to schizophrenia. Van Erp et al9 examined siblings of patients with schizophrenia and found that hippocampal
volumes differed stepwise with each increase in genetic
predisposition to schizophrenia and that hippocampal volumes of patients exposed to fetal hypoxia were smaller
than those who were unexposed, whereas no such relationship was observed within the healthy control subjects. They suggested that carrying susceptibility genes
for schizophrenia makes one vulnerable to perinatal damage, especially in the hippocampus.
Some limitations of this meta-analysis should be noted.
First, as with all meta-analyses, the results depend on the
quality of the individual studies. The adjustment of cerebral structures for whole brain or intracranial volume
has been thought to facilitate differences in effects among
the studies. However, the results of a moderator variable analysis failed to confirm this hypothesis. Therefore, it is unlikely that the observed differences in volume are due to differences in adjustment.
Second, structures other than those that have been
evaluated in this meta-analysis may also be affected in
relatives of patients with schizophrenia. The results of
smaller hippocampal volumes in relatives compared with
healthy control subjects might reflect broader abnormalities in the temporal lobes or even other structures,
but because of the small amount of studies that measured these structures, this could not be investigated in
our analysis.
Third, the results may have been influenced by publication bias. However, in the present meta-analysis, this
is unlikely given a fail-safe number of studies statistic,
which indicates the number of studies with null effects
that must reside in file drawers before results of the obtained effect sizes are reduced to a negligible level.
Fourth, only a few studies that were included in the
meta-analysis and measured brain volumes of siblings
specified whether they had used independent samples or
multiple siblings per family. Although this may bring in
a confounding factor, because of the small number of studies in the meta-analysis, all sibling studies that were available and met the criteria were included.
Fifth, differences in age and sex were not examined.
Age and sex are known to affect brain volumes83; however, the studies included in this meta-analysis did not
provide enough data to examine the effects of age and
sex. Except for hippocampal volume, differences between left and right brain structures were not measured. The statistical test to determine the latter results
requires left and right regional volumes, and these data
were not generally provided by the original studies. Thus,
the possibility that some of the effects found in this metaanalysis were caused by confounding factors such as sex
and age cannot be ruled out. In addition, some studies11,48 suggest that white matter reduction reflects an increased risk of developing schizophrenia. Although the
present meta-analysis did not find significant decreases,
the analysis resulted in significant heterogeneity, which
hampers a reliable interpretation and may have influenced the results. More and larger studies are needed to
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show whether in nonpsychotic relatives total brain and
white matter volume differ from healthy control subjects. Longitudinal studies on brain volumes of relatives
of schizophrenic patients could also be helpful in diminishing problems of individual study characteristics and
reducing heterogeneity issues. In addition, different methods have been proposed for estimating heterogeneity and
publication bias. For example, other meta-analyses have
included funnel plots (plots of effect estimates against
sample size) to index publication bias84 and the I2 statistic to measure the proportion of inconsistency in individual studies that cannot be explained by chance. The
latter approach was argued to be a better index of heterogeneity than the Q statistic, especially for collections of
studies with either small or large sample sizes (measuring inconsistency in meta-analyses).85 Notably, most studies included in our analyses were of intermediate sample
size. Finally, some studies included in this metaanalysis not only studied first-degree relatives but also
included some second-degree relatives.19,21,50 These studies did not examine hippocampal and gray matter volume. However, in the analysis of third-ventricle volume, second-degree relatives were included but the exact
amount was not reported in the studies. Excluding the
3 studies that examined some second-degree relatives did
not alter the results of our meta-analysis.
In summary, our results provide support for the hypothesis that nonpsychotic first-degree relatives of patients with schizophrenia show structural brain abnormalities, particularly in the left hippocampus. These brain
abnormalities are similar to the areas that are affected in
patients with schizophrenia and parallel the findings of
neuropsychological impairments (especially in verbal
memory) in both patients and relatives. Although these
findings reflect a vulnerability to developing schizophrenia, it is still unclear how and to what extent genes
and/or environment are involved. Future studies should
focus on the search for susceptibility genes in relation
to brain abnormalities by using linkage and association
methods.
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B, Schönell H, Steinmetz H, Maier W, Tepest R. The temporal lobe in schizophrenia from uni- and multiply affected families. Neurosci Lett. 2002;325:25-28.
48. Narr KL, Cannon TD, Woods RP, Thompson PM, Kim S, Asunction D, van Erp TG,
Poutanen VP, Huttunen M, Lonnqvist J, Standerksjold-Nordenstam CG, Kaprio J,
Mazziotta JC, Toga AW. Genetic contributions to altered callosal morphology in
schizophrenia. J Neurosci. 2002;22:3720-3729.
49. Sharma T, Lancaster E, Sigmundsson T, Lewis S, Takei N, Gurling H, Barta P,
Pearlson G, Murray R. Lack of normal pattern of cerebral asymmetry in familial
schizophrenic patients and their relatives—The Maudsley Family Study. Schizophr
Res. 1999;40:111-120.
50. Falkai P, Tepest R, Honer WG, Dani I, Ahle G, Pfeiffer U, Vogeley K, Schulze TG,
Rietschel M, Cordes J, Schonell H, Gaebel W, Kuhn KU, Maier W, Traber F, Block
W, Schild HH, Schneider-Axmann T. Shape changes in prefrontal, but not parietooccipital regions: brains of schizophrenic patients come closer to a circle in coronal and sagittal view. Psychiatry Res. 2004;132:261-271.
51. Seidman LJ, Faraone SV, Goldstein JM, Goodman JM, Kremen WS, Toomey R,
Tourville J, Kennedy D, Makris N, Caviness VS, Tsuang M. Thalamic and amygdalahippocampal volume reductions in first-degree relatives of patients with schizophrenia: an MRI-based morphometric analysis. Biol Psychiatry. 1999;46:941954.
52. Lipsey MW, Wilson DB. The way in which intervention studies have “personality” and why it is important to do meta-analysis. Eval Health Prof. 2001;24:
236-245.
53. Hedges LV, Olkin I. Statistical Methods for Meta-analysis. New York, NY: Academic Press; 1985.
54. Rosenthal R. Meta-analytic Procedures for Social Research. London, England:
Sage Publications; 1991.
55. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Hillsdale, NY:
Lawrence Erlbaum Associates; 1988.
56. Borenstein M, Rothstein H. Comprehensive meta-analysis. In: Borenstein M, Rothstein H, eds. A Computer Program for Research Synthesis. Englewood, NY: BioStat Inc; 1999.
57. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986;
7:177-188.
58. Orwin RG. A fail-safe N for effect size in meta-analysis. J Educ Stat. 1983;8:157159.
59. Pantelis C, Velakoulis D, McGorry PD, Wood SJ, Suckling J, Phillips LJ, Yung AR,
Bullmore ET, Brewer W, Soulsby B, Desmond P, McGuire PK. Neuroanatomical
abnormalities before and after onset of psychosis: a cross-sectional and longitudinal MRI comparison. Lancet. 2003;361:281-288.
60. Job DE, Whalley HC, Johnstone EC, Lawrie SM. Grey matter changes over time
in high risk subjects developing schizophrenia. Neuroimage. 2005;25:1023-1030.
61. Toulopoulou T, Morris RG, Rabe-Hesketh S, Murray RM. Selectivity of verbal
memory deficit in schizophrenic patients and their relatives. Am J Med Genet B
Neuropsychiatr Genet. 2003;116:1-7.
62. Sitskoorn MM, Aleman A, Ebisch SJ, Appels MC, Kahn RS. Cognitive deficits in
relatives of patients with schizophrenia: a meta-analysis. Schizophr Res. 2004;
71:285-295.
63. Aleman A, Hijman R, de Haan EH, Kahn RS. Memory impairment in schizophrenia: a meta-analysis. Am J Psychiatry. 1999;156:1358-1366.
64. Zakzanis KK, Troyer AK, Rich JB, Heinrichs W. Component analysis of verbal fluency in patients with schizophrenia. Neuropsychiatry Neuropsychol Behav Neurol.
2000;13:239-245.
65. Geuze E, Vermetten E, Bremner JD. MR-based in vivo hippocampal volumetrics,
2: findings in neuropsychiatric disorders. Mol Psychiatry. 2005;10:160-184.
66. Goldberg TE, Torrey EF, Berman KF, Weinberger DR. Relations between neuropsychological performance and brain morphological and physiological mea-

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAR 2007
304

67.

68.

69.

70.

71.

72.

73.
74.

75.
76.

77.
78.

79.
80.

81.
82.

83.

84.

85.

sures in monozygotic twins discordant for schizophrenia. Psychiatry Res. 1994;
55:51-61.
Gur RE, Cowell P, Turetsky BI, Gallacher F, Cannon T, Bilker W, Gur RC. A follow-up magnetic resonance imaging study of schizophrenia: relationship of neuroanatomical changes to clinical and neurobehavioral measures. Arch Gen
Psychiatry. 1998;55:145-152.
Powell HW, Koepp MJ, Symms MR, Boulby PA, Salek-Haddadi A, Thompson PJ,
Duncan JS, Richardson MP. Material-specific lateralization of memory encoding
in the medial temporal lobe: blocked versus event-related design. Neuroimage. 2005;
27:231-239.
McDonald C, Bullmore ET, Sham PC, Chitnis X, Wickham H, Bramon E, Murray
RM. Association of genetic risks for schizophrenia and bipolar disorder with specific and generic brain structural endophenotypes. Arch Gen Psychiatry. 2004;
61:974-984.
Szeszko PR, Lipsky R, Mentschel C, Robinson D, Gunduz-Bruce H, Sevy S, Ashtari M, Napolitano B, Bilder RM, Kane JM, Goldman D, Malhotra AK. Brainderived neurotrophic factor val66met polymorphism and volume of the hippocampal formation. Mol Psychiatry. 2005;10:631-636.
Callicott JH, Straub RE, Pezawas L, Egan MF, Mattay VS, Hariri AR, Verchinski BA,
Meyer-Lindenberg A, Balkissoon R, Kolachana B, Goldberg TE, Weinberger DR.
Variation in DISC1 affects hippocampal structure and function and increases risk
for schizophrenia. Proc Natl Acad Sci U S A. 2005;102:8627-8632.
Cannon TD, Mednick SA, Parnas J, Schulsinger F, Praestholm J, Vestergaard A.
Developmental brain abnormalities in the offspring of schizophrenic mothers, I:
contributions of genetic and perinatal factors. Arch Gen Psychiatry. 1993;50:
551-564.
Kelly J, Murray RM. What risk factors tell us about the causes of schizophrenia
and related psychoses. Curr Psychiatry Rep. 2000;2:378-385.
Buckley P, Stack JP, Madigan C, O’Callaghan E, Larkin C, Redmond O, Ennis JT,
Waddington JL. Magnetic resonance imaging of schizophrenia-like psychoses
associated with cerebral trauma: clinicopathological correlates. Am J Psychiatry.
1993;150:146-148.
McAllister TW. Traumatic brain injury and psychosis: what is the connection?
Semin Clin Neuropsychiatry. 1998;3:211-223.
Smith GN, Lang DJ, Kopala LC, Lapointe JS, Falkai P, Honer WG. Developmental abnormalities of the hippocampus in first-episode schizophrenia. Biol Psychiatry.
2003;53:555-561.
Sapolsky RM, Krey LC, McEwen BS. The neuroendocrinology of stress and aging: the glucocorticoid cascade hypothesis. Endocr Rev. 1986;7:284-301.
Sapolsky RM, McEwan BS. Stress, glucocorticoids, and their role in degenerative changes in the aging hippocampus. In: Crook T, Bartens RT, Ferris S, Gershon S, eds. Treatment Development Strategies for Alzheimer’s Disease. Madison, Conn: Mark Powley Associates; 1986:151-171.
Swaab DF, Bao AM, Lucassen PJ. The stress system in the human brain in depression and neurodegeneration. Ageing Res Rev. 2005;4:141-194.
Eriksson PS, Perfilieva E, Bjork-Eriksson T, Alborn AM, Nordborg C, Peterson DA,
Gage FH. Neurogenesis in the adult human hippocampus. Nat Med. 1998;4:
1313-1317.
McEwen BS. The neurobiology of stress: from serendipity to clinical relevance.
Brain Res. 2000;886:172-189.
Sacker A, Done DJ, Crow TJ. Obstetric complications in children born to parents
with schizophrenia: a meta-analysis of case-control studies. Psychol Med. 1996;
26:279-287.
Cannon TD, Rosso IM, Hollister JM, Bearden CE, Sanchez LE, Hadley T. A prospective cohort study of genetic and perinatal influences in the etiology of
schizophrenia. Schizophr Bull. 2000;26:351-366.
Cannon TD, Huttunen MO, Lonnqvist J, Tuulio-Henriksson A, Pirkola T, Glahn D,
Finkelstein J, Hietanen M, Kaprio J, Koskenvuo M. The inheritance of neuropsychological dysfunction in twins discordant for schizophrenia. Am J Hum Genet.
2000;67:369-382.
Gur RC, Mozley PD, Resnick SM, Gottlieb GL, Kohn M, Zimmerman R, Herman
G, Atlas S, Grossman R, Berretta D. Gender differences in age effect on brain
atrophy measured by magnetic resonance imaging. Proc Natl Acad Sci U S A.
1991;88:2845-2849.

WWW.ARCHGENPSYCHIATRY.COM

©2007 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 07/25/2017

