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Meta-Analysis of Regional Brain Volumes
in Schizophrenia

Ian C. Wright, M.R.C.P., M.R.C.Psych., Sophia Rabe-Hesketh, B.Sc., Ph.D., 
Peter W.R. Woodruff, Ph.D., M.R.C.Psych., Anthony S. David, M.D., F.R.C.Psych., 

Robin M. Murray, D.Sc., F.R.C.Psych., and Edward T. Bullmore, Ph.D., M.R.C.Psych.

Objective: The authors’ goal was to determine whether patients with schizophrenia differ
from comparison subjects in regional brain volumes and whether these differences are
similar in male and female subjects. Method: They conducted a systematic search for
structural magnetic resonance imaging (MRI) studies of patients with schizophrenia that re-
ported volume measurements of selected cortical, subcortical, and ventricular regions in
relation to comparison groups. They carried out a meta-analysis of the volumes of these re-
gions in the patients with schizophrenia and the comparison subjects using a random ef-
fects model; they also used random effects regression analysis to examine the influence of
gender on effect sizes. Results: Fifty-eight studies were identified as suitable for analysis;
these studies included 1,588 independent patients with schizophrenia. Assuming a vol-
ume of 100% in the comparison group, they found that the mean cerebral volume of the
subjects with schizophrenia was smaller (98%), but the mean total ventricular volume of
the subjects with schizophrenia was greater (126%). Relative to the cerebral volume dif-
ferences, the regional volumes of the subjects with schizophrenia were 94% in the left and
right amygdala, 94% in the left and 95% in the right hippocampus/amygdala, and 93% in
the left and 95% in the right parahippocampus. Relative to the global ventricular system
differences, the largest differences in ventricular subdivisions were in the right and left
body of the lateral ventricle, where the volumes of schizophrenic subjects were 116% and
116%, respectively. For most regions, effect size was not significantly related to gender.
Conclusions: Regional structural differences in patients with schizophrenia include bilat-
erally reduced volume of medial temporal lobe structures. There is a need for greater inte-
gration of results from structural MRI studies to avoid redundant research activity. 

(Am J Psychiatry 2000; 157:16–25)

Magnetic resonance imaging (MRI) has provided
an important method for investigating structural brain
changes in schizophrenia. However, there are several
difficulties in interpreting the published literature.
First, sample sizes have often been small, and, because
the magnitudes of brain differences are also small, the
results of individual studies may be unduly influenced

by sampling variation. Second, the results of the stud-
ies have generally been reported with an emphasis on
tests of significance rather than confidence intervals,
and this may give the misleading impression of a large
number of inconsistent positive or negative findings.
Third, many different brain regions have been exam-
ined, but only a few of these have been measured in
each individual study. Finally, the results of some stud-
ies have been reported in multiple publications.

Meta-analysis provides a method for integrating
quantitative data from multiple studies. It has the ad-
vantages that 1) the results from individual studies are
combined, improving the estimation of the overall ef-
fect size, 2) statistical power is increased, 3) confidence
intervals for the overall effect size can be calculated,
and 4) factors causing heterogeneity in the results re-
ported by individual studies can be investigated (1).
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Previous meta-analyses of structural imaging studies
of schizophrenia have found that patients have higher
ventricle-to-brain ratios (2), greater volumes of the lat-
eral ventricles (3), reduced brain size (3, 4), reduced
cross-sectional area of the corpus callosum (5), and re-
duced volumes of the bilateral temporal lobe (3), hippo-
campus (6), and amygdala-hippocampal complex (3, 6).

Our meta-analysis goes beyond the previous litera-
ture by 1) including new studies published up to Au-
gust 1998, 2) including a wider range of regional struc-
tures in order to delineate the pattern of volume
changes throughout the brain, and 3) using random ef-
fects models for the meta-analyses (7).

We have separated regional and global volume dif-
ferences. In particular, we have addressed the follow-
ing questions: 1) Are regional volume differences in
cortical/subcortical structures in excess of the overall
difference in cerebral volume? and 2) Are regional vol-
ume differences in ventricular subdivisions in excess of
the overall difference in ventricular volume?

We have investigated two possible explanations for
heterogeneity (8) in study results: gender and MRI
study slice thickness. Finally, we have investigated the
studies included in this meta-analysis using a statistical
method developed to test for evidence of potential
publication bias (9, 10).

METHOD

Study Ascertainment

Studies were considered for inclusion if 1) they were published be-
fore September 1998 as an article (rather than a letter or an ab-
stract), 2) they compared a group of subjects with schizophrenia and
a normal comparison group (either related or unrelated to the sub-
jects; comparison groups consisting of patients with minor nonpsy-
chiatric illnesses were also included), and 3) they reported volumet-
ric brain MRI measurements of any structure considered in this
meta-analysis (selected on the basis of a previous systematic review
[3]). Since studies applied different criteria for measuring these struc-
tures, we followed operational definitions for including measure-
ments within a particular category of structure; in some cases we
also estimated cerebral volume and total ventricular volume mea-
sures from other volume measures (full details of the rules for data
extraction and estimation are available on request).

If measurements were reported for both an unrelated and a re-
lated comparison group, then the former measurements were used.
Studies reporting results on a patient group in which the majority of
patients had a diagnosis of schizophrenia but some patients had re-
lated diagnoses (e.g., schizoaffective disorder) were also included.
Since we were interested in gender-related effects, studies that re-
ported separate results for male and female subjects were entered as
separate studies.

Structure measurements were excluded if 1) insufficient data were
reported to extract the number of subjects in each group or the mean
or the standard deviation of the structure volumes, 2) the structure
measurement was an area (from a single slice) rather than a volume
(i.e., from multiple slices), 3) the measurement was on less than the
complete or near-complete volume for the whole brain or brain
lobes, 4) there were fewer than six subjects in either the schizophre-
nia group or the comparison group, 5) the measurements contrib-
uted to another publication (in which case the publication with the
largest group size for the structure was selected), or 6) the mean age
in either the schizophrenia or the comparison group was greater
than 40 years. Studies of early-onset schizophrenia were included.

A systematic search strategy was used to identify relevant studies.
First, we carried out computer searches of the databases MEDLINE,
PSYCHLIT, and EMBASE. We searched the databases for papers
published in the years 1980–1998 using the following Medical Sub-
ject Heading categories: magnetic resonance imaging or MRI and
schizophrenia. A manual search was also conducted of the titles of
published papers in the following psychiatric journals for the period
January 1998 to August 1998: The American Journal of Psychiatry,
Archives of General Psychiatry, Biological Psychiatry, British Jour-
nal of Psychiatry, Psychiatric Research, Psychological Medicine,
Schizophrenia Bulletin, and Schizophrenia Research. Finally, we
searched the reference lists of the studies identified for inclusion.

Statistical Analysis

Meta-analyses were performed in Microsoft Excel 7.0 and meta-re-
gression analyses in STATA 5.0 (Stata Corp., College Station, Tex.).

As a measure of effect size, we used the ratio of the mean volume
in the schizophrenia group divided by the mean volume in the com-
parison group. We chose this measure of effect size because it is
more readily interpretable, in this context, than effect size measures
based on the difference in means divided by a standard deviation
(e.g., Cohen’s d).

We carried out a meta-analysis of the volume ratios of all the mea-
sured structures in the subjects with schizophrenia and the compari-
son subjects (absolute effect sizes) using a random effects model (7,
11). A random effects model assumes that the “true effect size” esti-
mated by different studies differs between studies because of differ-
ences in samples or paradigms and that these true effect sizes have a
normal distribution, i.e., that heterogeneity exists. In our analyses,
we used the natural logarithms of brain ratios and converted the fi-
nal results back to ratios. Thus, for a region R in study i (i=1, 2,
3,…k), we used the absolute effect size (φi) (where p refers to the pa-
tient group, c to the comparison group, m to the group regional vol-
ume mean, s to the group regional volume standard deviation, n to
the group sample number, var to the variance, and nl to the natural
logarithm):

The following equation assumes independence between mp,i and
mc,i and applies the delta method (12):

For each region, we calculated Q, a homogeneity test statistic (7).
In general, if Q exceeds the upper-tail critical value of chi-square on
k–1 degrees of freedom, the observed variance in study effect sizes is
significantly greater than expected under the null hypothesis that the
two groups share a common population effect size. For comparison
of our results with other meta-analyses, we also calculated an overall
effect size using Cohen’s d for each region.

We also investigated whether regional volume differences ex-
ceeded global volume differences in the brain or ventricles (global-
corrected effect sizes). For each region, we selected studies in which
both regional data and global data (cerebral volume for cerebral re-
gions and total ventricular volume for ventricular subdivisions) were
available. We calculated the global-corrected effect size for a region
as the overall effect size for the ratio of regional volume means (pa-
tient group volumes divided by comparison group volumes) divided
by the overall effect size for the ratio of global volume means. Al-
though we obtained point estimates for global-corrected effect sizes
by this method, we were unable to calculate confidence intervals for
these estimates because the covariances between regional and global
volumes in each study were generally not reported. Thus for a region
R inside a global structure G, the global-corrected effect size for R
(φRcorr) was calculated as:

φi mp,i mc,i⁄=

var nl φi( )( ) sp,i / np,imp,i(2 2≅( )+ sc,i /(
2

nc,imc,i 
2)

φRcorr=φR/φG
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TABLE 1. Summary of 58 Primary Studies Included in Meta-Analysis of Regional Brain Volumes in Schizophrenia

Subjects With Schizophrenia

Study Year
Number of
Subjects

Number of 
New Subjectsa Diagnosis

Diagnostic
Systemb

Kelsoe et al. (13) 1988 24 24 Schizophrenia DSM-III
Andreasen et al. (14) 1990 52 52 Schizophrenia DSM-III
Barta et al. (15) 1990 15 15 Schizophrenia DSM-III-R
Becker et al. (16) 1990 10 10 Schizophrenia DSM-III-R
Bogerts et al. (17) 1990 34 34 First-episode schizophrenia DSM-III-R
Suddath et al. (18) 1990 15 15 Schizophrenia DSM-III-R
Swayze et al. (19) 1990 52 0 Schizophrenia DSM-III
DeLisi et al. (20) 1991 45 45 First-episode or chronic schizophrenia DSM-III-R
Jernigan et al. (21) 1991 42 42 Schizophrenia DSM-III-R
Breier et al. (22) 1992 44 44 Chronic schizophrenia DSM-III-R
Degreef et al. (23) 1992 40 8 First-episode schizophrenia RDC
DeLisi et al. (24) 1992 50 28 First-episode or chronic schizophrenia DSM-III-R
Shenton et al. (25) 1992 15 15 Schizophrenia DSM-III-R
Swayze et al. (26) 1992 53 1 Schizophrenia DSM-III
Zipursky et al. (27) 1992 22 22 Schizophrenia DSM-III-R
Bogerts et al. (28) 1993 19 19 Schizophrenia DSM-III-R
Kawasaki et al. (29) 1993 20 20 Schizophrenia DSM-III-R
McCarley et al. (30) 1993 15 0 Schizophrenia DSM-III-R
Bilder et al. (31) 1994 70 70 First-episode schizophrenia or related disorder RDC
DeLisi et al. (32) 1994 85 85 First-episode schizophrenia or related disorder DSM-III-R
Gur et al. (33) 1994 81 81 Schizophrenia DSM-III-R
Marsh et al. (34) 1994 33 33 Schizophrenia DSM-III-R
Rossi et al. (35) 1994 19 19 Schizophrenia DSM-III
Waldo et al. (36) 1994 11 11 Schizophrenia DSM-III-R
Zipursky et al. (37) 1994 22 0 Schizophrenia DSM-III-R
Flaum et al. (38) 1995 101 101 Schizophrenia DSM-III-R
Hokama et al. (39) 1995 15 0 Schizophrenia DSM-III-R
Vita et al. (40) 1995 19 19 Schizophrenia DSM-III-R
Becker et al. (41) 1996 20 10 Schizophrenia DSM-III-R
Bertolino et al. (42) 1996 10 10 Chronic schizophrenia DSM-IV
Cowell et al. (43) 1996 91 91 Schizophrenia DSM-III-R
Frazier et al. (44) 1996 21 21 Early-onset schizophrenia DSM-III-R
Jacobsen et al. (45) 1996 21 0 Early-onset schizophrenia DSM-III-R
Kulynych et al. (46) 1996 12 12 Schizophrenia DSM-III-R
Lim et al. (47) 1996 22 22 Schizophrenia DSM-III-R
Lim et al. (48) 1996 57 57 Schizophrenia DSM-III-R
Noga et al. (49) 1996 12 12 Schizophrenia DSM-III-R
Woods et al. (50) 1996 19 19 Schizophrenia or related disorder DSM-III-R
Barr et al. (51) 1997 32 32 First-episode schizophrenia or schizoaffective disorder RDC
Fukuzako et al. (52) 1997 28 28 Schizophrenia DSM-III-R
Hajek et al. (53) 1997 10 10 Schizophrenia DSM-III-R
Hinsberger et al. (54) 1997 10 10 Schizophrenia DSM-III-R
Jacobsen et al. (55) 1997 24 3 Early-onset schizophrenia DSM-III-R
Lauriello et al. (56) 1997 19 19 Schizophrenia DSM-III-R
Marsh et al. (57) 1997 56 0 Schizophrenia DSM-III-R
Nopoulos et al. (58) 1997 80 80 Schizophrenia DSM-III-R
Ohnuma et al. (59) 1997 10 10 Schizophrenia DSM-III-R
Pearlson et al. (60) 1997 46 46 Schizophrenia DSM-III-R
Torres et al. (61) 1997 20 20 Schizophrenia DSM-III-R
Woodruff et al. (62) 1997 40 40 Schizophrenia DSM-III-R
Yeo et al. (63) 1997 20 20 Schizophrenia spectrum disorder K-SADS
Zipursky et al. (64) 1997 23 23 Chronic schizophrenia DSM-III-R
Buchanan et al. (65) 1998 18 18 Schizophrenia DSM-III-R
Keshavan et al. (66) 1998 16 16 First-episode schizophrenia or related disorder DSM-III-R
Portas et al. (67) 1998 15 0 Schizophrenia DSM-III-R
Sharma et al. (68) 1998 29 29 Schizophrenia RDC
Whitworth et al. (69) 1998 71 71 First-episode or chronic schizophrenia DSM-III-R
Zipursky et al. (70) 1998 46 46 First-episode schizophrenia or related disorder DSM-III-R
a Number of patients with schizophrenia in study who were not included in previous studies in the list (total N=1,588).
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Comparison Subjects Results Given
by Sex Scannerc

Slice Thickness
(mm)

Subjects Mean Age
(years)Male Female Number Type

19 5 29.0 14 Normal, unrelated No 0.5 T 10.0
35 17 33.4 47 Normal, unrelated Yes 0.5 T 10.0
15 0 30.6 15 Normal, unrelated GE Signa 1.5 T 5.0/3.0
10 0 25.7 10 Normal, unrelated 1.5 T 4.0
22 12 25.0 25 Normal, unrelated Yes Magnetom 1T 3.1

8 7 32.4 15 Related (twin) No GE Signa 1.5 T 5.0
35 17 33.3 47 Normal, unrelated Yes Picker 0.5 T 10.0
32 13 29.1 20 Minor illness, unrelated No GE 1.5 T 5.0
28 14 30.0 24 Normal, unrelated No GE Signa 1.5 T 5.0
29 15 35.8 29 Normal, unrelated No Magnetom 2 T 3.0
25 15 24.1 25 Normal, unrelated No Magnetom 1 T 3.1
32 18 26.2 33 Normal, minor illness, unrelated No GE 1.5 T 5.0
15 0 37.6 15 Normal, unrelated GE Signa 1.5 T 1.5/3.0
36 17 33.3 47 Normal, unrelated Yes Picker 0.5 T 10.0
22 0 34.1 20 Normal, unrelated GE Signa 1.5 T 3.0
19 0 27.6 18 Normal, unrelated Magnetom 1 T 3.1
20 0 28.5 10 Normal, unrelated GE Signa 1.5 T 5.0
15 0 38.0 15 Normal, unrelated GE Signa 1.5 T 1.5/3.0
39 31 26.1 51 Normal, unrelated Yes Magnetom 1 T 3.1
50 35 26.9 40 Normal, unrelated Yes GE Signa 1.5 T 5.0
50 31 30.4 81 Normal, unrelated No GE Signa 1.5 T 5.0
25 8 31.4 41 Normal, unrelated No Picker 0.5 T 10.0
19 0 33.4 14 Normal, unrelated Ansaldo 0.25 T 5.0
— — 31.3 13 Normal, unrelated No Toshiba 0.35 T 5.0
22 0 34.1 20 Normal, unrelated GE Signa 1.5 T 3.0
69 32 31.8 86 Normal, unrelated Yes GE Signa 1.5 T 3.0/5.0
15 0 37.6 15 Normal, unrelated GE Signa 1.5 T 1.5
12 7 25.6 15 Minor illness, unrelated No GE Signa 1.5 T 5.0
20 0 27.0 20 Normal, unrelated Magnetom 1.5 T 4.0

8 2 37.4 10 Normal, unrelated No GE Signa 1.5 T —
54 37 31.6 114 Normal, unrelated Yes GE Signa 1.5 T 5.0
13 8 14.6 33 Normal, unrelated No GE Signa 1.5 T 2.0
13 8 14.6 41 Normal, unrelated No GE Signa 1.5 T 2.0
12 0 29.5 12 Normal, unrelated GE Signa 1.5 T 1.5
22 0 35.0 27 Normal, unrelated GE Signa 1.5 T 5.0
57 0 36.0 52 Normal, unrelated GE Signa 1.5 T 5.0

7 5 31.8 12 Normal, unrelated No GE Signa 1.5 T 1.5
14 5 34.6 19 Normal, unrelated No GE Signa 1.5 T 5.5
19 13 26.3 42 Normal, unrelated No Magnetom 1 T 3.1
28 0 36.6 28 Normal, unrelated Magnetom 1.5 T 1.0
10 0 39.0 10 Normal, unrelated Philips 1.5 T 1.0

8 2 35.4 10 Normal, unrelated No Siemens 1.5 T 2.5
12 12 14.1 52 Normal, unrelated No GE Signa 1.5 T 2.0

0 19 39.8 19 Normal, unrelated GE Signa 1.5 T 5.0
56 0 35.9 52 Normal, unrelated GE Signa 1.5 T 3.0
40 40 28.1 80 Normal, unrelated Yes GE Signa 1.5 T 1.5

2 8 19.5 10 Normal, unrelated No Magnetom 1 T 4.0
32 14 31.8 60 Normal, unrelated Yes GE Signa 1.5 T 3.0
14 6 25.6 19 Normal, unrelated No GE Signa 1.5 T 1.5
40 0 32.4 43 Normal, unrelated Philips 1.5 T 5.0
12 8 11.0 20 Unrelated No GE Signa 1.5 T 5.0
11 12 33.7 17 Normal, unrelated No GE Signa 1.5 T 5.0
12 6 35.3 24 Normal, unrelated No GE Signa 1.5 T 1.5
11 5 27.2 17 Normal, unrelated No GE Signa 1.5 T 2.8
15 0 37.6 15 Normal, unrelated GE Signa 1.5 T 1.5
18 11 37.5 39 Normal, unrelated No GE Signa 1.5 T 1.5
71 0 26.6 32 Normal, unrelated Magnetom 1.5 T 0.9–1.4
25 21 26.2 61 Normal, unrelated No GE Signa 1.5 T 3.0

b RDC=Research Diagnostic Criteria, K-SADS=third revised edition of the 
Schedule for Affective Disorders and Schizophrenia for School-Age Children.

c GE=General Electric.
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Sources of Effect Size Heterogeneity

For regions on which there were 10 or more contributory studies
(and therefore reasonable power to detect an effect), we investigated
gender and MRI slice thickness as potential sources of heterogeneity
in study findings. We regressed absolute effect sizes against the per-
centage of female subjects with schizophrenia in each primary study
and the MRI slice thickness used to measure the region. We used ran-
dom effects regression analysis (8) (analogous to the random effects
meta-analysis) implemented in STATA and adopted a significance
level of p<0.05.

Statistical Evidence for Potential Publication Bias

To investigate the possibility of publication bias in study find-
ings, we used the Egger test (9) implemented in STATA to test for
the presence of an excess of low-precision studies giving effect sizes
of magnitude greater than the average. We used this technique to
investigate the absolute effect sizes when there were five or more
contributory studies (we used a lower study number threshold than
for the previous analyses because we did not know whether publi-
cation bias would be more important when the number of pub-
lished studies was small). We adopted a significance level of
p<0.05.

TABLE 2. Comparison of Absolute Regional Brain Volumes of Subjects and Comparison Subjects in 58 Studies

Brain Structure

Number
of

Studies

Number of Subjects

Comparative Volume of
Subjects With Schizophrenia 

(%)a Heterogeneity

Schizophrenia Comparison Mean 95% CI Cohen’s d χ2 p

Ventricular structures
Left lateral ventricle 18 557 496 130 120–141 0.51 34 0.01
Right lateral ventricle 18 557 496 120 113–128 0.39 22 0.17
Left frontal horn 3 84 45 113 97–132 0.29 2.8 0.25
Right frontal horn 3 84 45 117 105–132 0.36 1.4 0.49
Left body ventricle 3 79 50 147 124–174 0.78 0.4 0.82
Right body ventricle 3 79 50 148 126–174 0.86 1.8 0.42
Left occipital horn 3 79 50 129 113–147 0.58 0.2 0.91
Right occipital horn 3 79 50 128 110–149 0.57 1.7 0.42
Left temporal horn 13 424 367 134 118–153 0.53 48 <0.01
Right temporal horn 13 424 367 119 109–131 0.40 27 0.01
Third ventricle 22 595 548 126 119–134 0.59 40 0.01
Fourth ventricle 5 119 134 107 96–119 0.21 5.6 0.23
Total ventricles 30 984 912 126 120–132 0.49 39 0.11

Cortical/limbic structures
Left hemisphere 15 463 434 97 96–99 –0.28 19 0.15
Right hemisphere 15 463 434 97 96–99 –0.27 18 0.20
Left frontal volume 13 395 367 95 92–98 –0.34 19 0.08
Right frontal volume 13 395 367 95 93–97 –0.36 9.7 0.64
Left temporal lobe 25 693 669 98 96–99 –0.18 28 0.25
Right temporal lobe 25 693 669 97 96–98 –0.24 26 0.33
Left amygdala 7 146 137 91 87–94 –0.72 7.2 0.30
Right amygdala 7 146 137 91 87–95 –0.69 9.6 0.14
Left hippocampus-amygdala 15 407 324 95 92–99 –0.24 21 0.10
Right hippocampus-amygdala 15 407 324 94 92–97 –0.28 13 0.50
Left hippocampus 24 677 621 93 90–97 –0.42 78 <0.01
Right hippocampus 24 677 621 94 91–96 –0.38 48 <0.01
Left parahippocampus 8 185 168 89 83–95 –0.69 22 <0.01
Right parahippocampus 8 185 168 92 86–98 –0.40 16 0.03
Left superior temporal gyrus 10 314 271 97 95–100 –0.17 11 0.29
Right superior temporal gyrus 10 314 271 97 95–100 –0.17 5.8 0.76
Left anterior superior temporal gyrus 8 194 183 93 88–99 –0.41 17 0.02
Right anterior superior temporal gyrus 7 179 168 95 91–98 –0.28 5.4 0.50
Left posterior superior temporal gyrus 5 94 128 93 87–99 –0.40 8.9 0.06
Right posterior superior temporal gyrus 4 79 113 103 98–108 0.19 3.0 0.40
Whole brain 31 946 921 98 97–99 –0.25 35 0.25

Subcortical structures
Left caudate 10 308 257 101 97–106 0.06 21 0.01
Right caudate 10 308 257 99 95–103 –0.06 19 0.02
Left putamen 7 169 151 104 99–110 0.21 9.7 0.14
Right putamen 7 169 151 104 97–110 0.24 20 <0.01
Left globus pallidus 2 36 48 118 110–126 1.06 0.8 0.37
Right globus pallidus 2 36 48 121 109–135 1.34 4.8 0.03
Left thalamus 3 111 99 96 90–101 –0.35 5.4 0.07
Right thalamus 3 111 99 96 92–102 –0.31 4.7 0.10

Whole brain gray/white matter
Gray matter 6 155 194 96 94–99 –0.31 4.6 0.47
White matter 5 126 155 98 95–100 –0.19 4.7 0.31

a Volume for subjects with schizophrenia in relation to volume for comparison subjects; the brain volume of the comparison subjects is 
assumed to be 100%.
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RESULTS

The articles identified for inclusion are given in
table 1; full details of the data are given in a Microsoft
Excel 7.0 file, available from a Web site (http://
www.iop.kcl.ac.uk/home/depts/psychmed/wright/) or
on request.

Absolute total ventricular volume was greater in the
patients with schizophrenia than in the comparison
subjects (assuming a comparison group volume of

100%, we found that the mean for patients with
schizophrenia was 126% with a 95% confidence inter-
val (CI) of 120%–132%). Absolute volumes of all ven-
tricular subdivisions were also greater in patients with
schizophrenia (table 2).

Relative to the global difference in total ventricular
volume, there was a slightly greater enlargement of the
left lateral ventricle (104%) than the right lateral ven-
tricle (96%). Some ventricular subdivisions showed in-
creases greater than the global difference: the body of
the left (116%) and right (116%) lateral ventricle and
the left temporal horn (110%). The relative difference
in third ventricular volume (99%) was approximately
in line with the global difference, and the relative dif-
ference in the fourth ventricle was less than the total
difference (84%). The frontal horns also showed lower
increases relative to the global difference (left 89%,
right 92%).

Absolute whole brain volume was lower in the pa-
tients than the comparison subjects (98%) (table 2).
Relative volumes of whole brain gray matter and
white matter were approximately in line with the glo-
bal difference: 98% for gray matter and 99% for
white matter.

Relative to the global reduction of cerebral volume,
there were no hemispheric differences (left 100%, right
100%). The frontal lobes were relatively small (left
98%, right 98%), but the temporal lobe volume differ-
ences were in line with the whole brain differences (left
100%, right 100%). Medial temporal lobe structures
were relatively small: amygdala (left 94%; right 94%),
hippocampus/amygdala (left 94%; right 95%), hip-
pocampus (left 98%; right 97%), and parahippocam-
pus (left 93%; right 95%). The left anterior superior
temporal gyrus was also relatively small (93%).

The relative volumes of basal ganglia structures were
higher in the subjects with schizophrenia: left caudate
was 104%, right caudate was 102%, left putamen was
106%, right putamen was 106%, left globus pallidus
was 121%, and right globus pallidus was 124%. Rela-
tive volumes of the thalamus were reduced: left thala-
mus was 96%, and right thalamus was 97%.

For the majority of structures, there was little evi-
dence for a major gender effect modulating the volume
differences in schizophrenia. Global ventricular en-
largement was nonsignificantly greater in studies with
a higher percentage of male patients (z=–1.93, N=30,
p=0.05). We therefore calculated the absolute total
ventricular volume difference in studies with only male
patients or only female patients. In the 11 studies with
only male patients, total ventricular volume was
greater in the patients than in the comparison subjects
by 130% (95% CI=118%–144%); in the five studies
with only female patients it was greater by 116%
(95% CI=105%–128%).

The only significant coefficients for regression of
study effect size versus MRI slice thickness were for the
left hemisphere (z=2.99, N=15, p=0.003), right hemi-
sphere (z=3.27, N=15, p=0.001), and left temporal
horn (z=1.99, N=13, p=0.05). Positive coefficients in

Publication Bias
Effect of Correction for
Global Brain Volume

Egger
Coefficient p

Number of 
Studies

Comparative
Mean Volume (%)

0.50 0.76 18 104
0.58 0.65 18 96
— — 3 89
— — 3 92
— — 3 116
— — 3 116
— — 3 101
— — 3 100
3.08 0.02 11 110
1.68 0.09 11 96
0.18 0.85 18 99
0.84 0.68 3 84
0.32 0.70 100

–0.51 0.63 15 100
–0.57 0.57 15 100
–0.20 0.86 12 98
–0.46 0.50 12 98

0.38 0.67 18 100
0.15 0.87 18 100

–0.68 0.70 5 94
–0.33 0.83 5 94

1.27 0.10 7 94
0.53 0.41 7 95

–1.00 0.35 11 98
–0.54 0.48 11 97
–1.58 0.50 6 93
–3.71 0.02 6 95
–0.55 0.68 6 99

0.57 0.54 6 100
–0.79 0.64 6 93

0.41 0.75 5 98
–4.47 0.10 5 95

— — 4 108
0.09 0.89 100

–1.83 0.29 6 104
–1.37 0.52 6 102
–1.84 0.28 4 106
–3.68 0.11 4 106

— — 2 121
— — 2 124
— — 3 96
— — 3 97

0.25 0.89 6 98
2.73 0.12 5 99
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the cases of the left and right hemispheres indicated
that with more modern “thin-slice” MRI studies, a
larger reduction in volume of these structures has been
found in patients with schizophrenia than in compari-
son subjects; however, this finding depended on the
outlying results of one study (49) and was not evident
for cerebral volume (z=0.84, N=31, p=0.40). There-
fore, it was likely to be due to chance. A positive co-
efficient in the case of the left temporal horn may
indicate that older MRI studies using thicker slices
overestimated the true difference in volume of this re-
gion in patients with schizophrenia and comparison
subjects.

Table 2 lists the coefficient for the Egger publication
bias test for each region. There were significant coeffi-
cients (in a direction indicating potential publication
bias) at the p<0.05 level for the left temporal horn (t=
2.61, df=11, p=0.02) and the right parahippocampus
(t=–3.01, df=6, p=0.02). This indicated possible publi-
cation bias operating for these structures.

DISCUSSION

This meta-analysis demonstrates the enormous re-
search effort that has been directed toward the investi-
gation of structural brain changes in schizophrenia
during the last decade. Some regions have been mea-
sured in almost 1,000 patients.

The results confirm the presence of global brain vol-
ume differences in schizophrenia: cerebral volume was
lower (98%) and total ventricular volume was higher
(126%) in patients with schizophrenia than in compar-
ison subjects.

Relative to the global differences, the cerebral re-
gions with the lowest volumes in the patients with
schizophrenia were the left amygdala (overall mean
global-corrected effect size=94%), right amygdala
(94%), left hippocampus/amygdala (94%), right hip-
pocampus/amygdala (95%), left parahippocampus
(93%), right parahippocampus (95%), and left ante-
rior superior temporal gyrus (93%). Intriguingly, the
distribution of ventricular volume changes (maximal
increases in the body of the lateral ventricle bilaterally)
appeared to differ from the pattern of cerebral changes
(maximal reductions in frontal and medial temporal
regions bilaterally).

In this analysis, effect size was not significantly re-
lated to gender. The pattern of structural change in
schizophrenia appears fairly similar in male and female
patients and does not support a different pathological
process in the two genders. For most regions there was
little evidence that effect sizes were related to MRI slice
thickness, providing reassurance that the pattern of re-
gional volume changes detected has been independent
of advances in MRI technology.

The findings also suggest several implications for the
methodology of structural neuroimaging studies. His-
torically, the majority of neuroimaging studies have
used relatively small samples to detect small effects

(table 1). It is therefore important that the results of all
studies conducted be made available in a form that
permits their combination. At increasing levels of com-
plexity, this may be achieved by 1) publishing sum-
mary results in a form that permits meta-analysis with
explicit cross-referencing or exclusion of overlapping
studies, 2) registration of study results in an interna-
tional electronic database with a cumulative meta-
analysis (71) of regional effect sizes, 3) provision of in-
dividual (anonymous) brain volume measurements for
different regions to an electronic database—this would
allow examination of effects such as laterality differ-
ences that are difficult to extract from summary statis-
tics, 4) provision of the actual images to an electronic
database—this would both facilitate the comparison of
image analytic techniques and reduce “brain data
wastage.”

Although the results of this meta-analysis indicated
that regional volume reductions were present in the
medial temporal lobes, there was also evidence for glo-
bal volume changes in the ventricular system and cere-
brum and for regional volume decreases in the left su-
perior temporal gyrus, bilateral frontal lobes, and
thalamus. These findings are consistent with a patho-
logical process in schizophrenia involving distributed
volume changes within the brain. However, studies
employing region of interest measurements usually
measure only a small number of selected brain regions
because the measurement process is very labor-inten-
sive; table 2 shows that most brain regions have been
measured in only a fraction of the 1,588 patients in-
cluded in this meta-analysis. Furthermore, region of in-
terest studies are limited in their treatment of neocorti-
cal morphology because of the inherent difficulties in
defining structurally complex and variable regions of
cortex. This may give a distorted picture of the pattern
of brain changes. Automated “brain averaging” (72,
73) or voxel-based methods (74) provide a comple-
mentary technique for investigating the “broader ge-
stalt of morphologic deviation” (73). For example,
these methods have indicated structural change in
schizophrenia in the insula (74), which is a region not
easily measured by region of interest studies.

It is important to consider several potential limita-
tions of this study. As with all meta-analyses, the re-
sults are dependent on the quality of the primary stud-
ies. In addition, various types of publication bias may
arise during publication of the primary studies (75).
However, we did not detect evidence for publication
bias for most brain regions, and we excluded dupli-
cated results when there was evidence for previous
publication. We did not test for laterality differences in
brain volume measures because the statistical test re-
quires extra information regarding the correlation be-
tween left and right regional volumes (76), and these
data were not generally provided by the original stud-
ies. Finally, we cannot exclude the possibility that
some of these differences were caused by confounding
factors rather than the pathology of schizophrenia
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(e.g., antipsychotic medication causing basal ganglia
volume increases [77]).

In summary, this meta-analysis demonstrated global
structural differences between patients with schizo-
phrenia and nonschizophrenic comparison subjects:
cerebral volume was smaller and total ventricular vol-
ume was greater. Regional volume reductions in excess
of these global differences were particularly marked in
the bilateral medial temporal lobe regions. A general
theory of the structural pathology of schizophrenia
will need to explain both a complex pattern of cerebral
changes and ventricular changes with a different spa-
tial distribution. In the future, the collection of struc-
tural neuroimaging data in an electronic database may
be valuable both in providing a powerful resource for
testing hypotheses regarding the pathology of schizo-
phrenia and in facilitating new structural analyses in
large samples of patients and comparison subjects.
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