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Background: Reduced gray matter volumes in the superior temporal gyrus (STG) have been reported in
patients with schizophrenia. Such volumetric abnormalities might denote alterations in cortical
thickness, surface area, local gyriﬁcation or all of these factors. The STG can be anatomically divided into
ﬁve subregions using automatic parcellation in FreeSurfer: lateral aspect of the STG, anterior transverse
temporal gyrus of Heschl gyrus (HG), planum polare (PP) of the STG, planum temporale (PT) of the STG
and transverse temporal sulcus.
Methods: We acquired magnetic resonance imaging (MRI) 3T scans from 40 age- and sex-matched
patients with schizophrenia and 40 healthy subjects, and the scans were automatically processed using
FreeSurfer. General linear models were used to assess group differences in regional volumes and detailed
thickness, surface area and local gyriﬁcation.
Results: As expected, patients with schizophrenia had signiﬁcantly smaller bilateral STG volumes than
healthy subjects. Of the ﬁve subregions in the STG, patients with schizophrenia showed signiﬁcantly and
marginally reduced volumes in the lateral aspect of the STG and PT of the STG bilaterally compared with
healthy subjects. The volumetric alteration in bilateral lateral STG was derived from both the cortical
thickness and surface area but not local gyriﬁcation. There was no signiﬁcant laterality of the alteration
in the lateral STG between patients and controls and no correlation among the structures and clinical
characteristics.
Conclusions: These ﬁndings suggest that of ﬁve anatomical subregions in the STG, the lateral STG is one of
the most meaningful regions for brain pathophysiology in schizophrenia.
ß 2016 Elsevier Masson SAS. All rights reserved.
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1. Introduction
Schizophrenia is a common and complex psychiatric disease
with cerebral alterations. Reduced brain volumes in multiple
regions have been demonstrated by imaging studies using
computed tomography (CT) and magnetic resonance imaging
(MRI) in the last several decades [1,2]. Patients with schizophrenia
show decreased whole brain volume, particularly gray matter
(GM) volume, compared with healthy individuals. Although
reduced regions in schizophrenia were inconsistent among
Abbreviations: MRI, magnetic resonance imaging; ROI, region of interest; SE,
standard error; STG, superior temporal gyrus; PT, planum temporale; HG, Heschl’s
gyrus; PP, planum polare.
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imaging studies, meta-analyses have shown that patients with
schizophrenia tend to exhibit a reduction in GM volume in the
anterior cingulate, thalamus, frontal lobe, hippocampus, amygdale
and superior and medial temporal gyri [3,4].
There has been an increasing body of literature supporting
brain morphological alterations in the superior temporal gyrus
(STG) in schizophrenia patients [4–10]. Patients with schizophrenia have smaller STG volumes compared with healthy subjects.
Antipsychotic-naive individuals as well as individuals taking
antipsychotics at ultra-high risk of psychosis also show signiﬁcantly smaller STG volumes bilaterally compared with controls
[11,12]. In addition, the volumetric reductions of the STG were
more highly progressive in ultra-high risk individuals for psychosis
as well as childhood onset and ﬁrst-episode patients with
schizophrenia compared with controls over time [9,10,13,14].
These previous studies have focused on brain volumes, but
advances in neuroimaging data processing have made it possible
to separate local gyriﬁcation (cortical folding patterns) as well as
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cortical thickness and surface area. To date, widespread reductions
in cortical thickness, including in temporal regions, have been
demonstrated in schizophrenia patients [15,16]. In addition,
decreased cortical gyriﬁcation has been identiﬁed in schizophrenia
patients compared with healthy individuals [17,18]. However,
although a few studies have investigated the changes in the
cortical area in schizophrenia patients [16,19], these ﬁndings were
inconsistent among studies.
The STG is one of three gyri in the temporal lobe and is a long
region located along the Sylvian ﬁssure dorsally and superior
temporal sulcus ventrally. The STG is divided into several regions
both structurally and functionally [8]. The most anterior portion of
the STG is the temporal polar cortex (Brodman’s areas [BA] 38)
[20]. The dorsal surface of the STG is located within the Sylvian
ﬁssure and is divided into Heschl’s gyrus (HG), the planum polare
(PP) and the planum temporale (PT) [21]. The STG contains several
important structures of the brain, including the primary auditory
cortex (BA 41/42) in the HG and the auditory association cortical
areas (BA 22) in the anterior portion of the PT, which surrounds the
HG [20,22]. Abnormalities in temporal lobe structures play a role in
dysfunction of auditory and language processing, i.e., auditory
hallucinations and thought disorders, in patients with schizophrenia [7,23,24]. Several researchers have tried to identify detailed
regional differences of the STG in schizophrenia, and they found
that patients with ﬁrst-episode psychosis as well as schizophrenia
and schizotypal patients had smaller volumes of the PT, HG or the
posterior part of the STG compared to controls [5,9,13,25]. Kasai
et al. found that patients with schizophrenia had a signiﬁcant
progressive decrease in STG, and this change was more prominent
in the posterior portion of the STG compared with controls
[6]. Furthermore, the long duration of untreated psychosis (DUP)
was signiﬁcantly associated with smaller GM volumes of the STG,
particularly the PT, in schizophrenia patients [26,27].
The STG can be anatomically divided into ﬁve regions:






lateral aspect of the STG;
anterior transverse temporal gyrus (of HG);
PP of the STG;
PT of the STG;
transverse temporal sulcus [28].

However, which regions contribute to the volume reduction of
the STG in schizophrenia patients remains unclear. In addition, it is
unclear whether these volumetric alterations occur due to
differences in cortical thickness, surface area, local gyriﬁcation
(cortical folding patterns) or all of the above factors. To the best of
our knowledge, there have been no studies that identiﬁed brain
structural alterations in cortical thickness, cortical area or local
gyriﬁcation or that examined volumes in the speciﬁc subregions of
the STG in schizophrenia patients.
In the current study, to extract ﬁve anatomical subregions of the
STG, we used a standardized method [28] to measure the GM
volume and detailed cortical thickness, surface area and local
gyriﬁcation index (LGI) in three-dimensional (3D) surface reconstructions. We investigated the morphological differences, lateralization of the alterations and effects of clinical characteristics in the
ﬁve subregions of the STG between patients with schizophrenia
and healthy subjects.

2. Methods
2.1. Subjects
Subjects for this study consisted of 40 age- and sex-matched
patients with schizophrenia (45.0% males, 18 males/22 females,

mean age  SD: 36.3  9.8 years) and 40 healthy subjects (45.0%
males, 18 males/22 females, mean age  SD: 36.1  9.9 years). All
subjects were of Japanese descent. Patients were recruited from both
outpatients and inpatients at Kanazawa Medical University Hospital.
Each patient with schizophrenia had been diagnosed by at least two
trained psychiatrists based on an unstructured clinical interview and
medical recodes; diagnosis was made based on the criteria of the ﬁfth
edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5). Healthy subjects were recruited through local advertisements or from hospital staffs at Kanazawa Medical University.
Psychiatrically healthy subjects were evaluated using an unstructured interview to exclude individuals who had current or past
contact with psychiatric services or had received psychiatric
medication. Subjects were excluded from this analysis if they had
neurological or medical conditions that could potentially affect the
central nervous system, such as atypical headache, head trauma with
loss of consciousness, chronic lung disease, kidney disease, chronic
hepatic disease, cancer with active stage, cerebrovascular disease,
epilepsy, seizures, substance-related disorders or mental retardation.
Demographic information is shown in Table 1. In the patients with
schizophrenia, 38 patients received antipsychotic medication (2 typical, 28 atypical, and 8 a combination of typical and atypical), while
two patients received no antipsychotics at the time of investigation.
The mean age and gender ratio did not differ signiﬁcantly between
patients and controls (P > 0.05), while years of education, estimated
premorbid intelligence quotient (IQ) and total GM volumes were
signiﬁcantly lower in patients than controls (P < 0.05). Written
informed consent was obtained from all subjects after the procedures
had been fully explained. This study was performed according to the
World Medical Association’s Declaration of Helsinki and approved by
the Research Ethical Committee of Kanazawa Medical University.
2.2. MRI
All subjects underwent brain MRI scans using a Siemens 3T
Magnetom Trio a Tim System (Siemens, Erlangen, Germany).
Table 1
Demographic information for patients with schizophrenia and healthy controls
included in this study.
Variables

Schizophrenia Control
(N = 40)
(N = 40)

P-values (z)

Age (years)
Gender (male/female)
Education (years)
Estimated premorbid IQ
Handedness (rt./lt./bil.)
Gray matter volume (ml)
CPZeq (mg/day)
Total antipsychotics
Typical antipsychotics
Atypical antipsychotics
Age at onset (years)
Duration of illness (months)
Total patients (N = 40)
First-episode
patients (N = 8)
Chronic patients (N = 32)
PANSS positive symptoms
PANSS negative symptoms
PANSS general
psychopathology

36.3  9.8
18/22
12.7  1.6
100.1  10.9
36/1/3
616.8  644.2

36.1  9.9
0.76 (0.31)
18/22
> 0.99 (< 0.01)a
17.0  1.8
< 0.001 ( 7.04)
110.0  6.1
< 0.001 ( 4.10)
38/1/1
0.59 (1.05)a
635.5  110.2 0.023 ( 2.28)

447.3  390.8
50.9  111.1
396.4  345.8
25.9  6.7

–
–
–
–

–
–
–
–

124.9  118.4
8.0  4.4

–
–

–
–

154.1  115.0
14.4  5.6
16.7  6.6
31.0  8.5

–
–
–
–

–
–
–
–

CPZeq: chlorpromazine equivalents of total antipsychotics; PANSS: Positive and
Negative Syndrome Scale. First-episode patients were deﬁned as patients with a
duration of illness less than 12 months, while chronic patients were deﬁned as
patients with a duration of illness more than 12 months. The current symptoms of
schizophrenia were evaluated using the PANSS. Means  SD are shown. Complete
demographic information was not obtained for all subjects (estimated premorbid IQ in
patients, N = 37; in controls, N = 38).
a
x2 test. Signiﬁcant P-values are shown in boldface and underlined.
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High-resolution T1-weighted images were acquired with a 3D
Magnetization Prepared-RApid Gradient Echo (MP-RAGE
TR = 1420 ms, inversion time = 800 ms, echo time = 2.08 ms, ﬂip
angle = 98, resolution = 1  1  1 mm3, matrix size = 256  256),
yielding 192 contiguous slices of 1.0 mm thickness in the sagittal
plane, which were used for surface-based analysis. This sequence
provided high-resolution T1-weighted images with good contrast
between GM and white matter (WM) using this scanner in our
scanning environment. We screened all scans and found no gross
abnormalities, such as infarcts, hemorrhages or brain tumors, in
any of the subjects.
Surface-based analysis was performed using FreeSurfer version
5.3.0 (Massachusetts General Hospital, Harvard Medical School;
http://surfer.nmr.mgh.harvard.edu). This processing package included motion correction and averaging of multiple volumetric T1weighted images, removal of nonbrain tissue using a hybrid
watershed/surface deformation procedure [29], automated Talairach transformation, segmentation of the subcortical WM and
deep GM volumetric structures [30,31], intensity normalization
[32], tessellation of the GM/WM boundary, automated topology
correction [33,34], and surface deformation following intensity
gradients to optimally place the gray/white and gray/cerebrospinal
ﬂuid borders at the location where the greater shift in intensity
deﬁned the transition to the other tissue class [35–37]. All steps of
the FreeSurfer processing stream are further described in previous
studies [30–38]. The output was manually reviewed by the
coauthors, conﬁrming the accuracy of the pial surface and
potential errors with regard to the WM surface.
The surface of the STG was parcellated into ﬁve subregions:






lateral aspect of the STG;
anterior transverse temporal gyrus (of HG);
PP of the STG;
PT of the STG;
transverse temporal sulcus (Fig. 1) using Destrieux’s sulcogyral
atlas, which follows anatomical conventions and allows
separation of the sulcal from gyral regions based on anatomical
constraints of consistently occurring cortical folds [28].

Brieﬂy, the anatomical features of ﬁve subregions according to
Destrieux et al. [28] were as follows. The lateral aspect of the STG
running parallel to the lateral sulcus was a part of the STG visible
from lateral view. The anterior transverse temporal gyrus (of HG)
was a small swelling containing primary auditory cortex [39]. The
PP of the STG was the part of the superior aspect of the STG located
anterior to the transverse temporal gyrus. The PT of the STG was
the part of the superior aspect of the STG, posterior to the
transverse temporal sulcus. The transverse temporal sulcus was
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posterior and parallel to the transverse temporal gyrus (of HG),
which divided the PT from the transverse temporal gyrus (of HG).
The average volume, cortical thickness and LGI of all vertices that
were included in a parcellated region were assigned as the
measurement values for each corresponding brain region. Surface
area was calculated by estimating the relative areal expansion or
compression at each vertex on the tessellated surface of the pial
matter. GM volume, cortical thickness and surface area were
estimated for the cortical areas. Total GM volume was also
measured.
After initial cortical surface reconstruction, the folding patterns
for each of the several thousands of vertices across the entire
cortical surface were measured. To obtain the LGI, the method
advocated by Schare et al. [40] based on an index originally
proposed by Zilles et al. [41] was used. Brieﬂy, the pial cortical
surface (‘‘buried’’ surface) was reconstructed in 3D space. An outer
surface (‘‘visible’’ surface) that tightly wraps the pial cortical
surface was created. Next, the ratio of two surface areas within a
25 mm radius spherical region of interest (ROI) was calculated. The
outer surface area was the denominator, and the pial cortical
surface area was the numerator. This ratio LGI was assigned to each
correspondent vertex of the reconstructed cortical sheet. These
processes yielded a continuous gyriﬁcation surface map for each
subject with each vertex on the reconstructed pial surface
representing the LGI.
2.3. Statistical analyses
Statistical analyses of demographic variables and ROI analysis
were performed using IBM SPSS Statistics 19.0 software (IBM
Japan, Tokyo, Japan). Based on the assumption that most
demographic variables, such as age and years of education, and
brain structures were not ﬁtted to a normality distribution using
the Kolmogorov-Smirnov test (P < 0.05), the differences in
continuous variables, such as age and years of education, were
analyzed using the nonparametric Mann-Whitney U-test; the
differences in categorical variables, such as gender or handedness,
were analyzed using the Pearson’s x2. To assess structural
alterations in the ﬁve subregions of the STG in patients compared
to controls, we performed multiple linear regression analyses with
each structural phenotype as a dependent variable and diagnosis
status as an independent variable. Age, gender and total GM
volumes were included as the covariates to control for confounding
factors. When we examined LGI, total GM volumes were not
included as the covariates. Standardized effect sizes were
calculated using Cohen’s d method (http://www.uccs.edu/
faculty/lbecker). The correlations among brain phenotypes or
between the brain structures and clinical characteristics were

Fig. 1. Anatomical parcellations of the superior temporal gyrus (STG) using standard anatomical nomenclature. S: superior; I: inferior; A: anterior; P: posterior; L: lateral; M:
medial. (A) The STG (magenta) is shown on the surface-rendered view of the brain region. (B, C) Five anatomical parcellations of the STG; lateral aspect of the STG (magenta),
anterior transverse temporal gyrus of Heschl gyrus (HG) (blue), planum polare (PP) of the STG (light green), planum temporale (PT) of the STG (dark green) and transverse
temporal sulcus (red), are shown.
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assessed using nonparametric Spearman’s correlation coefﬁcient.
The signiﬁcance level for all statistical tests was set at two-tailed
P < 0.05.

although patients tended to have smaller volumes in these subregions
than controls (Table 2).
3.2. Alterations in thickness, surface area and local gyriﬁcation in the
bilateral lateral STG in schizophrenia patients

3. Results
3.1. Volumetric alterations in the ﬁve anatomical subregions of the
bilateral STG in schizophrenia patients
As expected, patients with schizophrenia had signiﬁcantly
smaller bilateral STG volumes than healthy subjects
(b  SE = 1184.4  492.3, P = 0.019). We ﬁrst investigated volumetric alterations in ﬁve anatomical subregions of the bilateral STG
between patients with schizophrenia and healthy subjects. Of the ﬁve
subregions of the STG (Fig. 1.), patients with schizophrenia had
signiﬁcantly smaller volumes in the bilateral lateral aspect (magenta
in Fig. 1 and Fig. 2, b  SE = 770.4  278.3, P = 0.0071) and
marginally smaller volumes in the bilateral PT (dark green in
Fig. 1, b  SE = 292.2  130.3, P = 0.028) compared with healthy
subjects (Table 2). The difference in the bilateral lateral aspect of the
STG was still signiﬁcant after Bonferroni correction (a = 0.05/5) to
control multiple testing (corrected P = 0.036), while the difference in the
bilateral PT was not signiﬁcant after applying the correction (corrected
P = 0.14). There was no signiﬁcant difference in any of the other three
subregions between patients and controls (uncorrected P > 0.05)

To identify more detailed volumetric alterations in the lateral
STG, we further examined morphological differences in cortical
thickness, surface area and LGI in bilateral lateral STG between
patients with schizophrenia and healthy subjects (Table 3). The
cortical thickness and surface area of the bilateral lateral STG were
signiﬁcantly thinner and smaller in patients with schizophrenia
than healthy subjects (cortical thickness; b  SE = 0.14  0.07,
P = 0.046 and surface area; b  SE = 131.3  60.6, P = 0.034). There
was no difference in LGI in the bilateral lateral STG between patients
and controls (P > 0.05). As shown in Fig. 3, we examined correlations
among structural phenotypes of the bilateral lateral STG and between
the phenotypes and clinical characteristics in patients with schizophrenia and in healthy subjects. The volume of the bilateral lateral
STG was signiﬁcantly positively correlated with the cortical thickness
(schizophrenia; P = 4.71  10 5, control; P = 4.35  10 3) and surface
area (schizophrenia; P = 2.84  10 7, control; P = 1.00  10 13) and
nominally positively correlated with the LGI (schizophrenia;
P = 0.024, control; P = 0.022) in both patients and controls. However,
there were no signiﬁcant correlations between the cortical thickness

Fig. 2. Reductions in volume, thickness and surface area in the bilateral lateral aspect of the STG in schizophrenia patients. Closed circles represent each individual.

Table 2
Volumetric differences in ﬁve anatomical subregions of the STG between patients with schizophrenia and healthy subjects.
Anatomical subregions of the STG
Bil.
Bil.
Bil.
Bil.
Bil.

3

lateral aspect of the STG (mm )
anterior transverse temporal gyrus (of HG) (mm3)
PP of the STG (mm3)
PT of the STG (mm3)
transverse temporal sulcus (mm3)

Schizophrenia (N = 40)

Control (N = 40)

10470.0  1276.6
1991.0  421.1
3396.8  703.8
3262.7  572.0
943.7  151.1

11362.2  1452.3
2021.6  426.5
3565.1  620.0
3581.4  628.4
961.2  162.5

b (SE)

Cohen’s d
0.65
0.07
0.25
0.53
0.11

770.4
5.5
104.6
292.2
11.7

P-values
(278.3)
(92.0)
(128.9)
(130.3)
(34.7)

0.0071
0.95
0.42
0.028
0.74

STG: superior temporal gyrus; HG: Heschl gyrus; PP: planum polare; PT: planum temporale; SE: standard error of b; Bil: bilateral. Signiﬁcant P-values are shown in boldface
and underlined.

Table 3
Differences in thickness, surface area and local gyriﬁcation index (LGI) of the bilateral lateral STG between patients with schizophrenia and healthy subjects.

Thickness (mm)
Surface area (mm2)
Gyriﬁcation index

Schizophrenia (N = 40)

Control (N = 40)

6.1  0.4
2420.8  260.1
5.5  0.6

6.3  0.3
2571.7  315.3
5.6  0.4

Signiﬁcant P-values are shown in boldface and underlined.

Cohen’s d
0.47
0.52
0.20

b (SE)
0.14 (0.07)
131.3 (60.6)
0.09 (0.12)

P-values
0.046
0.034
0.47
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Fig. 3. Correlations among structural phenotypes in the lateral STG or between the structural phenotypes and clinical characteristics in patients with schizophrenia (upper)
and in controls (lower). The correlations among structural phenotypes or between the structural phenotypes and clinical variables are indicated according to Spearman’s r
scores shown with the colored bars. Signiﬁcant Spearman’s r scores are shown as white numbers.

and surface area, the surface area and LGI or these brain phenotypes
and clinical characteristics (P > 0.05).
3.3. Laterality of the alterations in lateral STG in schizophrenia
patients
We further investigated the lateralization of differences in the
lateral STG between patients with schizophrenia and healthy
subjects. Patients with schizophrenia had signiﬁcantly smaller
volumes in both the right and left lateral STG compared with
healthy subjects (right; b  SE = 370.8  149.8, P = 0.016, left;
b  SE = 399.6  168.3, P = 0.020). Furthermore, patients showed
marginally thinner cortical thickness and smaller surface area in
both the right and left lateral STG compared with healthy subjects
(thickness, right; b  SE = 0.07  0.04, P = 0.079, left; b  SE =
0.08  0.05, P = 0.086, surface area, right; b  SE = 63.1  33.6,
P = 0.064, left; b  SE = 68.2  34.8, P = 0.054). There was no
signiﬁcant laterality of differences in the lateral STG between
patients with schizophrenia and healthy subjects (laterality
index = (left – right)/(left + right): volume, cortical thickness or
surface area, all P > 0.05).

4. Discussion
To the best of our knowledge, this is the ﬁrst study to
investigate the subregional differences in volume, cortical
thickness, surface area and gyriﬁcation of the STG in schizophrenia
patients. Of the speciﬁc subregions of the STG, the lateral STG had a
signiﬁcantly smaller GM volume bilaterally in patients with
schizophrenia than controls. The volumetric alterations were
derived from differences in both decreased cortical thickness
(Cohen’s d = 0.47) and surface area (Cohen’s d = 0.52) but not
gyriﬁcation. We could identify subregional speciﬁcity of the STG in
schizophrenia patients. Our ﬁndings suggest that decreased GM
volume of the STG in schizophrenia patients might be primarily
caused by a volumetric loss of both cortical thickness and surface
area in the lateral STG.
Consistent with previous studies, our ﬁndings support the
hypothesis that GM volumes in the STG were decreased in patients
with schizophrenia. Morphological abnormalities in the STG have
been consistently reported in schizophrenia patients, and several
researchers have investigated the timing of their occurrence [5–7,
9,42,43]. They suggest that the morphological abnormalities of the
STG appear to already be present before illness onset or at onset
and that the abnormalities are progressive regardless of the effects
of antipsychotics after onset, particularly during the earliest
phases of schizophrenia. In addition, offspring of patients with
schizophrenia have signiﬁcantly smaller volumes of the bilateral
STG than controls [44], indicating that morphological abnormality
of the STG might be a premorbid vulnerability to schizophrenia.

However, it has also been recently reported that a progressive
volumetric loss of the STG is mediated by genetic factors [45]. These
ﬁndings suggest that genetic factors contribute to reduced STG
volumes in schizophrenia patients both before and after onset.
Because the patients with schizophrenia who participated in this
study were relatively chronic (duration of illness was
10.4  9.9 years), our ﬁndings might reﬂect both premorbid morphological changes and the changes after such a progressive
pathological process.
Some studies have found that volumetric alterations in the STG
were affected by psychotic symptoms [21,46,47] and the duration
of illness [46]. However, in our subjects, although there were
positive correlations among volume, cortical thickness and surface
area, these structures were not correlated with any clinical
characteristics, such as duration of illness, daily dosage of total
antipsychotics, or the positive and negative syndrome scale. The
correlations among the STG and clinical variables were inconsistent among studies [8,48]. These ﬁndings suggest that these
clinical correlations may be secondarily caused by morphological
changes of the STG. On the other hand, clinical heterogeneity, MRI
acquisition parameters and anatomical landmarks for ROI are
likely to lead to inconsistent results, while small sample sizes
might be one of the main factors resulting in heterogeneous
results. Further studies, such as a meta-analysis for the correlations, are required to increase the statistical power. The other
explanation may be that changes in brain structure or functions in
schizophrenia may occur in a relatively limited period around
illness onset rather than continuously progressing over the course
of the illness [49,50]. Because our patients were relatively chronic,
we might not detect the correlation.
We could not detect lateralization of the morphological
differences in lateral STG between patients and controls. Abnormalities in cerebral asymmetries in schizophrenia patients have
been reported but inconsistently reported [51,52]. Several studies
have demonstrated a signiﬁcant hemispheric effect on STG
volumes in schizophrenia patients [10,51]. In particular, GM
volume reductions in the anterior portion, HG and PT of the STG
were prominent in the left hemisphere but not the right
hemisphere. We found marginal volumetric differences in the
bilateral PT of the STG between patients and controls, although this
relationship was not signiﬁcant after applying the Bonferroni
correction. Because the laterality of the PT has been reported, we
further investigated lateralization in our subjects. Consistent with
previous studies, we found that the GM volume reduction of the PT
was prominent in the left hemisphere (b  SE = 168.7  84.3,
P = 0.049) but not the right hemisphere (b  SE = 123.5  72.2,
P = 0.09). These ﬁndings support the hypothesis that there could be
laterality in speciﬁc subregions of the STG in schizophrenia patients,
although the present study may be limited by a small sample size.
There were several limitations to this study. This study focused
on the STG and the detailed analyses were performed. However,
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other brain regions, such as the frontal cortex and the hippocampus, are also important regions for brain pathophysiology in
schizophrenia. Further studies for these brain regions are required.
To match age and gender between patients with schizophrenia and
healthy subjects, we selected 40 age- and gender-matched patients
and 40 healthy subjects in this study. Thus, our results were not
based on a community-based sample of patients with schizophrenia and healthy subjects. We evaluated both patients with
schizophrenia and controls using an unstructured clinical interview. Because we did not use the Structured Clinical Interview for
DSM-IV or -5 (SCID) to evaluate these subjects, our study might not
be representative of the typical patients with schizophrenia and
healthy subjects, despite conﬁrmations of the diagnosis by at least
two trained psychiatrists. We could not completely exclude the
inﬂuences of duration of illness and antipsychotics on brain
morphology, although there was no correlation among these
clinical factors and brain structures in our patients. Particularly,
the effects of medication on the brain have been frequently
reported. Duration of antipsychotic treatment [53,54] and different
types of antipsychotics [55] have been shown to have different
effects on the brain. Our results might be affected by these factors.
In conclusion, we examined age- and sex-matched patients
with schizophrenia and healthy subjects to identify morphological
changes in subregions of the STG in schizophrenia patients. GM
volumes of the lateral STG were reduced in schizophrenia patients,
and the volumetric alterations were derived from both decreased
cortical thickness and surface area.

Disclosure of interest
The authors declare that they have no competing interest.
Acknowledgments
We thank all of the individuals who participated in this study.
This work was supported by the Matsubara Saburo Memorial
Research & Scholarship Fund, Grant for Specially Promoted
Research from Kanazawa Medical University (SR2012-03) and
the Japanese Ministry of Education, Culture, Sports, Science and
Technology (MEXT)-Supported Program for the Strategic Research
Foundation at Private Universities (S1201022).
References
[1] Ward KE, Friedman L, Wise A, Schulz SC. Meta-analysis of brain and cranial size
in schizophrenia. Schizophr Res 1996;22:197–213.
[2] Wright IC, Rabe-Hesketh S, Woodruff PW, David AS, Murray RM, Bullmore ET.
Meta-analysis of regional brain volumes in schizophrenia. Am J Psychiatry
2000;157:16–25.
[3] Glahn DC, Laird AR, Ellison-Wright I, Thelen SM, Robinson JL, Lancaster JL, et al.
Meta-analysis of gray matter anomalies in schizophrenia: application of
anatomic likelihood estimation and network analysis. Biol Psychiatry
2008;64: 774–81.
[4] Honea R, Crow TJ, Passingham D, Mackay CE. Regional deﬁcits in brain volume
in schizophrenia: a meta-analysis of voxel-based morphometry studies. Am J
Psychiatry 2005;162:2233–45.
[5] Hirayasu Y, McCarley RW, Salisbury DF, Tanaka S, Kwon JS, Frumin M, et al.
Planum temporale and Heschl gyrus volume reduction in schizophrenia: a
magnetic resonance imaging study of ﬁrst-episode patients. Arch Gen Psychiatry 2000;57:692–9.
[6] Kasai K, Shenton ME, Salisbury DF, Hirayasu Y, Lee CU, Ciszewski AA, et al.
Progressive decrease of left superior temporal gyrus gray matter volume in
patients with ﬁrst-episode schizophrenia. Am J Psychiatry 2003;160:156–64.
[7] Shenton ME, Dickey CC, Frumin M, McCarley RW. A review of MRI ﬁndings in
schizophrenia. Schizophr Res 2001;49:1–52.
[8] Sun J, Maller JJ, Guo L, Fitzgerald PB. Superior temporal gyrus volume change in
schizophrenia: a review on region of interest volumetric studies. Brain Res Rev
2009;61:14–32.
[9] Takahashi T, Suzuki M, Zhou SY, Tanino R, Nakamura K, Kawasaki Y, et al. A
follow-up MRI study of the superior temporal subregions in schizotypal
disorder and ﬁrst-episode schizophrenia. Schizophr Res 2010;119:65–74.

[10] Vita A, De Peri L, Deste G, Sacchetti E. Progressive loss of cortical gray matter in
schizophrenia: a meta-analysis and meta-regression of longitudinal MRI
studies. Transl Psychiatry 2012;2:e190.
[11] Pantelis C, Velakoulis D, McGorry PD, Wood SJ, Suckling J, Phillips LJ, et al.
Neuroanatomical abnormalities before and after onset of psychosis: a crosssectional and longitudinal MRI comparison. Lancet 2003;361:281–8.
[12] Takahashi T, Wood SJ, Yung AR, Walterfang M, Phillips LJ, Soulsby B, et al.
Superior temporal gyrus volume in antipsychotic-naive people at risk of
psychosis. Br J Psychiatry 2010;196:206–11.
[13] Takahashi T, Wood SJ, Yung AR, Soulsby B, McGorry PD, Suzuki M, et al.
Progressive gray matter reduction of the superior temporal gyrus during
transition to psychosis. Arch Gen Psychiatry 2009;66:366–76.
[14] Thompson PM, Vidal C, Giedd JN, Gochman P, Blumenthal J, Nicolson R, et al.
Mapping adolescent brain change reveals dynamic wave of accelerated gray
matter loss in very early-onset schizophrenia. Proc Natl Acad Sci U S A
2001;98:11650–5.
[15] Goldman AL, Pezawas L, Mattay VS, Fischl B, Verchinski BA, Chen Q, et al.
Widespread reductions of cortical thickness in schizophrenia and spectrum
disorders and evidence of heritability. Arch Gen Psychiatry 2009;66:
467–77.
[16] Rimol LM, Nesvag R, Hagler Jr DJ, Bergmann O, Fennema-Notestine C, Hartberg
CB, et al. Cortical volume, surface area, and thickness in schizophrenia and
bipolar disorder. Biol Psychiatry 2012;71:552–60.
[17] Nesvag R, Schaer M, Haukvik UK, Westlye LT, Rimol LM, Lange EH, et al.
Reduced brain cortical folding in schizophrenia revealed in two independent
samples. Schizophr Res 2014;152:333–8.
[18] Palaniyappan L, Liddle PF. Aberrant cortical gyriﬁcation in schizophrenia:
a surface-based morphometry study. J Psychiatry Neurosci 2012;37:
399–406.
[19] Ratnanather JT, Poynton CB, Pisano DV, Crocker B, Postell E, Cebron S, et al.
Morphometry of superior temporal gyrus and planum temporale in schizophrenia and psychotic bipolar disorder. Schizophr Res 2013;150:476–83.
[20] Pearlson GD. Superior temporal gyrus and planum temporale in schizophrenia: a selective review. Prog Neuropsychopharmacol Biol Psychiatry
1997;21:1203–29.
[21] Kim JJ, Crespo-Facorro B, Andreasen NC, O’Leary DS, Magnotta V, Nopoulos P.
Morphology of the lateral superior temporal gyrus in neuroleptic naive
patients with schizophrenia: relationship to symptoms. Schizophr Res
2003;60:173–81.
[22] Kasai K, Shenton ME, Salisbury DF, Hirayasu Y, Onitsuka T, Spencer MH, et al.
Progressive decrease of left Heschl gyrus and planum temporale gray matter
volume in ﬁrst-episode schizophrenia: a longitudinal magnetic resonance
imaging study. Arch Gen Psychiatry 2003;60:766–75.
[23] Allen P, Laroi F, McGuire PK, Aleman A. The hallucinating brain: a review of
structural and functional neuroimaging studies of hallucinations. Neurosci
Biobehav Rev 2008;32:175–91.
[24] Moseley P, Fernyhough C, Ellison A. Auditory verbal hallucinations as atypical
inner speech monitoring, and the potential of neurostimulation as a treatment
option. Neurosci Biobehav Rev 2013;37:2794–805.
[25] Hirayasu Y, Shenton ME, Salisbury DF, Dickey CC, Fischer IA, Mazzoni P, et al.
Lower left temporal lobe MRI volumes in patients with ﬁrst-episode schizophrenia compared with psychotic patients with ﬁrst-episode affective disorder and normal subjects. Am J Psychiatry 1998;155:1384–91.
[26] Keshavan MS, Haas GL, Kahn CE, Aguilar E, Dick EL, Schooler NR, et al. Superior
temporal gyrus and the course of early schizophrenia: progressive, static, or
reversible? J Psychiatr Res 1998;32:161–7.
[27] Takahashi T, Suzuki M, Tanino R, Zhou SY, Hagino H, Niu L, et al. Volume
reduction of the left planum temporale gray matter associated with long
duration of untreated psychosis in schizophrenia: a preliminary report. Psychiatry Res 2007;154:209–19.
[28] Destrieux C, Fischl B, Dale A, Halgren E. Automatic parcellation of human
cortical gyri and sulci using standard anatomical nomenclature. Neuroimage
2010;53:1–15.
[29] Segonne F, Dale AM, Busa E, Glessner M, Salat D, Hahn HK, et al. A hybrid
approach to the skull stripping problem in MRI. Neuroimage 2004;22:1060–
75.
[30] Fischl B, Salat DH, Busa E, Albert M, Dieterich M, Haselgrove C, et al. Whole
brain segmentation: automated labeling of neuroanatomical structures in the
human brain. Neuron 2002;33:341–55.
[31] Fischl B, Salat DH, van der Kouwe AJ, Makris N, Segonne F, Quinn BT, et al.
Sequence-independent segmentation of magnetic resonance images. Neuroimage 2004;23(Suppl. 1):S69–84.
[32] Sled JG, Zijdenbos AP, Evans AC. A nonparametric method for automatic
correction of intensity nonuniformity in MRI data. IEEE Trans Med Imaging
1998;17:87–97.
[33] Fischl B, Liu A, Dale AM. Automated manifold surgery: constructing geometrically accurate and topologically correct models of the human cerebral cortex.
IEEE Trans Med Imaging 2001;20:70–80.
[34] Segonne F, Pacheco J, Fischl B. Geometrically accurate topology-correction of
cortical surfaces using nonseparating loops. IEEE Trans Med Imaging
2007;26:518–29.
[35] Dale AM, Fischl B, Sereno MI. Cortical surface-based analysis. I. Segmentation
and surface reconstruction. Neuroimage 1999;9:179–94.
[36] Dale AM, Sereno MI. Improved localizadon of cortical activity by combining
EEG and MEG with MRI cortical surface reconstruction: a linear approach. J
Cogn Neurosci 1993;5:162–76.

K. Ohi et al. / European Psychiatry 35 (2016) 25–31
[37] Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex from
magnetic resonance images. Proc Natl Acad Sci U S A 2000;97:11050–5.
[38] Fischl B, Sereno MI, Dale AM. Cortical surface-based analysis. II: inﬂation,
ﬂattening, and a surface-based coordinate system. Neuroimage 1999;9:195–
207.
[39] Shapleske J, Rossell SL, Woodruff PW, David AS. The planum temporale: a
systematic, quantitative review of its structural, functional and clinical signiﬁcance. Brain Res Brain Res Rev 1999;29:26–49.
[40] Schaer M, Cuadra MB, Tamarit L, Lazeyras F, Eliez S, Thiran JP. A surface-based
approach to quantify local cortical gyriﬁcation. IEEE Trans Med Imaging
2008;27:161–70.
[41] Zilles K, Qu M, Schleicher A, Luhmann HJ. Characterization of neuronal
migration disorders in neocortical structures: quantitative receptor autoradiography of ionotropic glutamate. GABA(A) and GABA(B) receptors. Eur J
Neurosci 1998;10:3095–106.
[42] Borgwardt SJ, Riecher-Rossler A, Dazzan P, Chitnis X, Aston J, Drewe M, et al.
Regional gray matter volume abnormalities in the at risk mental state. Biol
Psychiatry 2007;61:1148–56.
[43] Takahashi T, Wood SJ, Kawasaki Y, Suzuki M, Velakoulis D, Pantelis C. Lack of
progressive gray matter reduction of the superior temporal subregions in
chronic schizophrenia. Schizophr Res 2010;117:101–2.
[44] Rajarethinam R, Sahni S, Rosenberg DR, Keshavan MS. Reduced superior
temporal gyrus volume in young offspring of patients with schizophrenia.
Am J Psychiatry 2004;161:1121–4.
[45] Hedman AM, van Haren NE, van Baal GC, Brouwer RM, Brans RG, Schnack HG,
et al. Heritability of cortical thickness changes over time in twin pairs discordant
for schizophrenia. Schizophr Res 2015. http://dx.doi.org/10.1016/j.schres.2015.
06.021 [Epub ahead of print].
[46] Liao J, Yan H, Liu Q, Yan J, Zhang L, Jiang S, et al. Reduced paralimbic system
gray matter volume in schizophrenia: correlations with clinical variables,
symptomatology and cognitive function. J Psychiatr Res 2015;65:80–6.

31

[47] Zierhut KC, Schulte-Kemna A, Kaufmann J, Steiner J, Bogerts B, Schiltz K.
Distinct structural alterations independently contributing to working memory
deﬁcits and symptomatology in paranoid schizophrenia. Cortex 2013;49:
1063–72.
[48] van Tol MJ, van der Meer L, Bruggeman R, Modinos G, Knegtering H, Aleman A.
Voxel-based gray and white matter morphometry correlates of hallucinations
in schizophrenia: the superior temporal gyrus does not stand alone. Neuroimage Clin 2013;4:249–57.
[49] Chou PH, Koike S, Nishimura Y, Satomura Y, Kinoshita A, Takizawa R, et al.
Similar age-related decline in cortical activity over frontotemporal regions in
schizophrenia: a multichannel near-infrared spectroscopy study. Schizophr
Bull 2015;41:268–79.
[50] Kubota M, Miyata J, Yoshida H, Hirao K, Fujiwara H, Kawada R, et al. Agerelated cortical thinning in schizophrenia. Schizophr Res 2011;125:21–9.
[51] Kleinschmidt A, Falkai P, Huang Y, Schneider T, Furst G, Steinmetz H. In vivo
morphometry of planum temporale asymmetry in ﬁrst-episode schizophrenia. Schizophr Res 1994;12:9–18.
[52] Kulynych JJ, Vladar K, Fantie BD, Jones DW, Weinberger DR. Normal asymmetry of the planum temporale in patients with schizophrenia. Three-dimensional cortical morphometry with MRI. Br J Psychiatry 1995;166:742–9.
[53] Chou PH, Koike S, Nishimura Y, Kawasaki S, Satomura Y, Kinoshita A, et al.
Distinct effects of duration of untreated psychosis on brain cortical activities in
different treatment phases of schizophrenia: a multi-channel near-infrared
spectroscopy study. Prog Neuropsychopharmacol Biol Psychiatry 2014;49:
63–9.
[54] Lesh TA, Tanase C, Geib BR, Niendam TA, Yoon JH, Minzenberg MJ, et al. A
multimodal analysis of antipsychotic effects on brain structure and function in
ﬁrst-episode schizophrenia. JAMA Psychiatry 2015;72:226–34.
[55] Lieberman JA, Tollefson GD, Charles C, Zipursky R, Sharma T, Kahn RS, et al.
Antipsychotic drug effects on brain morphology in ﬁrst-episode psychosis.
Arch Gen Psychiatry 2005;62:361–70.

