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Abstract Brain abnormalities of schizophrenia
probably consist of deviation related to the vulnerability
and pathological changes in association with overt psy-
chosis. We conducted a cross-sectional comparison in
brain morphology between patients with overt schizo-
phrenia and schizotypal disorder, a schizophrenia-spec-
trum disorder without florid psychotic episode. Voxel-
based morphometry was applied to assess gray matter
volume in 25 patients with schizophrenia, 25 patients
with schizotypal disorder, and 50 healthy control sub-
jects. In comparison with controls, schizophrenia pa-
tients showed gray matter reductions in the bilateral me-
dial frontal, inferior frontal, medial temporal, and septal
regions,and the left middle frontal, orbitofrontal, insula,
and superior temporal regions, and an increased gray
matter in the left basal ganglia. Schizotypal disorder pa-
tients showed reductions in the left inferior frontal, in-
sula, superior temporal, and medial temporal regions.
There was a significant reduction in the left or-
bitofrontal region of schizophrenia compared with
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schizotypal disorder. Gray matter reductions that are
common to both patient groups such as those in the left
medial temporal and inferior frontal regions may repre-
sent vulnerability to schizophrenia, and additional in-
volvement of several frontal regions may be crucial to
florid psychosis.
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Introduction

Brain morphometry based on the quantitative volumet-
ric region of interest approach has provided substantial
evidence that schizophrenia is associated with abnorm-
alities in the brain structure, and have brought about
significant breakthroughs in our understanding of the
neurobiology of schizophrenia (see reviews, Lawrie and
Abukmeil 1998; Wright etal. 2000; Shenton etal. 2001).
The recently developed, voxel-based morphometry
(VBM), which allows voxel-wise comparison of the
brain structure (Ashburner and Friston 2000), has pro-
vided largely consistent results with previous volumet-
ric studies in that the fronto-temporo-limbic regions are
principally affected in schizophrenia (Wright et al. 1995;
Gaser etal. 1999; Wright etal. 1999; Volz et al. 2000; Pail-
lere-Martinot etal. 2001; Sigmundsson etal. 2001; Wilke
etal.2001; Ananth et al.2002;Job et al. 2002; Kubicki et al.
2002; Suzuki etal. 2002). The exact meaning of these
findings, however, remains uncertain for etiologic ori-
gins, pathophysiological mechanisms, and clinicopatho-
logical correlations.

Subjects with schizotypal features share a broad
range of similarities with patients with schizophrenia in
terms of genetics as well as of neurobiology (Siever etal.
2002), which possibly constitute a common basis for the
schizophrenia spectrum. Such commonalities may be
essential for the pathogenesis of schizophrenia and re-



lated to the predisposing factor or vulnerability to
schizophrenia. However additional pathological
changes may be required for the development of overt
and sustained psychosis. Thus, clarifying the similari-
ties and differences in the neurobiology between schiz-
ophrenia patients and schizotypal subjects has signifi-
cant implications for better understanding of the
pathogenesis of schizophrenia.

There is a growing body of literature which examined
brain morphology in patients with schizotypal person-
ality disorder (see review, Dickey etal. 2002; Siever etal.
2002) and schizotypal disorder (Takahashi etal. 2002,
2004; Yoneyama etal. 2003). Schizotypal subjects have
been reported to show brain structural abnormalities
similar to those seen in schizophrenia, although gener-
ally to a lesser degree and sparing some brain regions.
However the full spatial extent and magnitude of struc-
tural changes in schizotypal subjects are not yet estab-
lished.

In this study, to differentially elucidate the morpho-
logical characteristics underlying the vulnerability and
pathology of schizophrenia, we conducted a cross-sec-
tional VBM analysis to detect structural differences be-
tween established schizophrenia and schizotypal disor-
der. The criteria for schizotypal disorder of ICD-10
(World Health Organization 1993) are almost identical
to those for schizotypal personality disorder of DSM-IV
(American Psychiatric Association 1994), but, in addi-
tion, include occasional transient quasi-psychotic
episode usually occurring without external provocation.
A major phenomenological difference between schizo-
phrenia and schizotypal disorder is the presence or ab-
sence of overt and sustained psychotic symptoms. Our
subjects with schizotypal disorder were recruited from
clinical populations and stable to show typical features
without developing overt schizophrenia during more
than two years clinical follow-up. To constitute a com-
parable subject group of schizophrenia, early phase
schizophrenia patients were recruited. We hypothesized
that schizophrenia and schizotypal disorder would
share common features in brain morphology as the vul-
nerability factors and, in contrast, morphological diffe-

407

rences between them would be relevant to the mecha-
nism of the development of prominent psychosis.

Subjects and methods

Subjects

As shown in Table 1, two groups of 25 patients (14 males and 11 fe-
males), each fulfilling ICD-10 diagnostic criteria for schizophrenia or
schizotypal disorder, were recruited from the in-patient and out-pa-
tient clinics of the Department of Neuropsychiatry, Toyama Medical
and Pharmaceutical University Hospital. All available clinical infor-
mation and data were obtained from a structured clinical interview
using the Comprehensive Assessment of Symptoms and History in-
cluding the chapter of premorbid or intermorbid personality (CASH,
Andreasen etal. 1992). When the DSM-1V criteria were adopted, all of
the schizotypal subjects also fulfilled the criteria of the schizotypal
personality disorder on Axis II. An additional diagnosis of the brief
psychotic disorder was considered in 6 subjects who experienced oc-
casional transient quasi-psychotic episodes. None of the 25 patients
with schizotypal disorder has developed overt schizophrenia during
more than two years clinical follow-up period after MRI scanning.

Schizophrenia patients recruited for this study were in a relatively
early stage of their illness. Their mean age at the onset of the first psy-
chotic episode was 22.4 £ 4.4 (S. D.) years (range 16-30),and the mean
duration of illness was 3.1+3.1 years (range 0.3-8.5). All patients
were physically healthy at the time of the study, and none had a his-
tory of head trauma, serious medical or surgical illness, or substance
abuse. All patients except 2 drug naive subjects with schizotypal dis-
order were receiving neuroleptic medication. Their mean duration of
medication was 1.5+2.1 years (range 0.04-6.0). Of the 23 patients
with schizotypal disorder, 9 were being treated with relatively low-
dose typical antipsychotics and 14 with atypical antipsychotics.
Twenty-two patients with schizophrenia were receiving typical an-
tipsychotic medication, and the other 3 were being treated with atyp-
ical antipsychotics. Neuroleptic dosages were converted into
haloperidol-equivalents according to the guideline by Toru (2001).
There was a significant difference in haloperidol-equivalent dose be-
tween the two patient groups.

Symptoms were rated within the one-month of scanning using the
Scale for the Assessment of Positive Symptoms (SAPS, Andreasen
1984), Scale for the Assessment of Negative Symptoms (SANS, An-
dreasen 1983), and the Brief Psychiatric Rating Scale (BPRS, Overall
and Gorham 1962). With regard to the negative, positive, and overall
symptoms the profiles of their symptom scores indicated that all pa-
tients ranged between mildly and moderately ill and relatively pre-
dominated to the negative symptoms. Most of the schizophrenia pa-
tients were partially remitted as shown in SAPS scores (Table1).
There were no significant differences in the total scores of the SAPS,

Table1 Demographic and clinical characteristics of
subjects
Variable

Schizophrenia Schizotypal disorder Control

mean (S.D.) range mean (S.D.) range mean (S.D.) range

Age (years)
Education (years)

Parental education (years)

Medication (mg/day)?

SANS summary score (0-25)
SAPS summary score (0-20)
BPRS total score (18-126)

25.8 (4.5) 18-36 25.0(5.3) 18-37 24.0(5.7) 18-38
13.8(23)*  12-18 13.1(1.9)* 9-17 15.2(2.2) 12-18
12.6 (2.5) 9-18 12.5(2.2) 9-17 12.4(1.8) 9-16
8.1(8.0) 1-20 3.4(23)# 0-8
10.3 (5.0) 5-17 11.1(4.8) 0-20
5.6 (4.6) 0-14 45(2.6) 0-9
39.5(8.4) 24-53 38.8(10.3)  20-50

SANS Scale for the Assessment of Negative Symptoms; SAPS Scale for the Assessment of Positive Symptoms; BPRS

Brief Psychiatric Rating Scale

*p < 0.05 compared with control (two-tailed t test)
#p < 0.05 compared with schizophrenia (two-tailed t test)

2 haloperidol equivalent dose
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SANS, and BPRS between the patients with schizophrenia and schizo-
typal disorder.

The age and gender-matched control subjects consisted of 50
healthy volunteers (28 males and 22 females) recruited from the hos-
pital staff, medical or pharmaceutical students, and volunteers from
the community. Subjects were excluded if they had a history of psy-
chiatric illness, head trauma, neurological illness, serious medical or
surgical illness, or substance abuse. The healthy control group was
also screened for history of psychiatric disorders in their first-degee
relatives. All control subjects were given the Minnesota Multiphasic
Personality Inventory, and subjects were excluded if they showed de-
viated personality profiles, i. e., clinical scale elevated to a T-score of
70 or higher. All patients and the control subjects were right-handed
and more than 18 years old. Although the control group had signifi-
cantly higher educational achievement than the groups of schizo-
phrenia and schizotypal disorder, there was no significant difference
in the educational levels of their parents. There was no between-
group difference in height or weight.

After the purpose and procedures of the present study were fully
explained, written informed consent was obtained individually from
each of the subjects. This study was approved by the Committee on
Medical Ethics of Toyama Medical and Pharmaceutical University.

MRI data acquisition and image analysis

The subjects underwent brain MRI scans with a Siemens 1.5 T Mag-
netom Vision system (Siemens Inc, Erlangen, Germany). A three-di-
mensional gradient-echo sequence (fast low-angle shot, FLASH)
yielding 160-180 contiguous slices of 1.0-mm thickness in the sagit-
tal plane was used for volume analysis. This sequence provided high-
resolution T1-weighted images with good contrast between gray and
white matter. Imaging parameters were: TE =5 ms; TR =24 ms; flip
angle =40 field of view =256 mm; matrix size=256 x 192; voxel
size=1.0x 1.0 x 1.0 mm.

Image analysis was performed on a Sun SPARC 20 workstation
(Sun Microsystems Inc, Palo Alto, CA, USA) using ANALYZE version
7.5.5 (BRU, Mayo Foundation, Rochester, MN, USA) and on a personal
computer with Windows 98 (Microsoft Corporation, USA) using sta-
tistical parametric mapping (SPM) 99 software (Wellcome Depart-
ment of Cognitive Neurology, Institute of Neurology, London, UK)
running under MATLAB 5.3 (Mathworks Inc., Sherborn, MA, USA).
Images were first re-sliced in the axial plane with ANALYZE. Image
process and analysis by SPM99 were performed according to the
methodological description of Ashburner and Friston (2000). The
first step was spatial normalization (Ashburner etal. 1997; Ashburner
and Friston 1999) which involves transforming all the subjects’ MRI
images to the same stereotactic space of Talairach and Tournoux
(1988). The spatially normalized images were written out with 1.0 x
1.0 x 1.0mm voxels. Next, the normalized images were partitioned
into gray matter, white matter, cerebrospinal fluid, and other com-
partments by a modified mixture model cluster analysis technique
(Ashburner and Friston 1997) with a correction for image intensity
non-uniformity. The segmented images were then automatically
processed to remove any remaining nonbrain matter. The spatially
normalized segments of gray matter were smoothed with a 12-mm
full-width at half maximum (FWHM) isotropic Gaussian kernel. Each
voxel in the smoothed image contained the average concentration of
gray matter from the surrounding voxels (i. e., gray matter concentra-
tion). The smoothing procedure has the advantage of rendering the
data more normally distributed and of increasing the validity of para-
metric voxel-by-voxel statistical analysis.

Statistical analysis

Statistical evaluation comparing three diagnostic groups was per-
formed by an analysis of covariance (AnCova) model for global nor-
malization with overall grand mean scaling (Friston etal. 1990). This
statistical option normalizes the segmented brain images to the same
total amount of gray matter, while preserving regional differences in
gray matter concentration. Gender and age were also treated as nui-
sance covariates.

Since statistics based on cluster spatial extent are not valid for
VBM (Ashburner and Friston 2000), voxel-wise parametric statistical
tests were performed using the general linear model (Friston etal.
1995), and the significance of differences ascertained using the the-
ory of Gaussian random fields (Worsley etal. 1996). Three pair-wise
SPM ({T} analyses were performed comparing each of the patient
groups to controls, and to each other, testing for regions of more or
less gray matter between two diagnostic groups. Considering the ex-
ploratory nature of the present study, we defined statistical signifi-
cance at p <0.05 corrected for the entire volume.

Results

The results of SPM analysis are displayed in three or-
thogonal planes using a “glass brain” allowing a visual
comparison of the regional distribution of statistical
findings. Pair-wise SPM {T} statistics for more or less
gray matter concentrations among three groups are
shown in Fig. 1. Voxel-wise coordinates of significant re-
gions and their corrected p-values are shown in Table 2.

The results demonstrated that compared to controls
schizophrenia patients had a significantly reduced gray
matter concentration in the bilateral medial frontal cor-
tex including the anterior cingulate cortex, inferior
frontal gyrus, and medial temporal region as well as the
septal region. The gray matter in the left middle frontal
gyrus, orbitofrontal cortex, insula, and superior tempo-
ral gyrus including the planum temporale and the right
inferior frontal gyrus was also decreased in the schizo-
phrenia subjects. Moreover, there was a significant in-
crease in gray matter concentration of the left basal gan-
glia. In comparison with the controls, patients with
schizotypal disorder showed much less gray matter vox-
els with significantly reduced concentration than schiz-
ophrenia patients in more selected brain regions con-
fined to the left hemisphere: these regions included the
inferior frontal gyrus, insula, anterior part of the supe-
rior temporal gyrus and medial temporal region.

The reduction in gray matter concentration of several
frontal regions especially in the medial frontal, middle
fontal, and orbitofrontal regions in schizophrenia, but
not in schizotypal disorder, was noteworthy. A direct
comparison between the schizophrenia and schizotypal
disorder groups resulted in a significant difference in
the left orbitofrontal gray matter concentration. Com-
parisons of brain gray matter between patients receiving
typical neuroleptics and atypical neuroleptics did not
reveal any significant difference in each patient group.

Discussion

In the present study, the ICD-10 criteria for schizotypal
disorder were adopted for recruiting schizotypal sub-
jects. Yung and McGorry (1996) postulated that a sub-
threshold form of psychotic symptoms and transient
isolated psychotic experience are candidates for phe-
nomenological indicators of liability to schizophrenic
psychosis. Although 6 out of the 25 present schizotypal
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subjects had transient quasi-psychotic episodes in addi-
tion to fulfilling the criteria for schizotypal personality
disorder of DSM-IV, none of these subjects developed
overt schizophrenia during relatively long-term clinical
follow-up. Thus, the schizotypal subjects in this study
may primarily constitute a distinct category from schiz-
ophrenia, but the possibility cannot be excluded that in
some of them the antipsychotic medication prevented
the onset of their overt psychotic episodes. Further-
more, prior to the onset of overt and sustained psy-
chosis, it is not possible at present to reliably predict
whether or not the patient will later develop schizophre-
nia. Medication status and clinical symptoms suggest
that the present schizotypal subjects were clinically
more impaired than those in the previous studies of
schizotypal personality disorder (Dickey etal. 2002;
Downbhill etal. 2001).

This VBM study demonstrated reduced gray matter
concentrations in the medial, lateral and orbital frontal
regions, the superior and medial temporal regions, and
the insula in the schizophrenia patients. These results
support and replicate previous findings reported in vol-
umetric region-of-interest studies (see reviews, Lawrie
and Abukmeil 1998; Wright etal. 2000; Shenton etal.
2001) as well as in VBM studies of schizophrenia. With
the use of SPM 96, Wright et al. (1995, 1999) reported re-
gional gray matter reduction in the dorsolateral pre-
frontal cortex, the superior and medial temporal regions
and the insula, and Paillere-Martinot etal. (2001) re-
ported significant gray matter reduction in the medial
frontal region, the medial temporal region and the in-
sula. In our previous study using SPM 96 (Suzuki etal.
2002) a regional gray matter decrease was observed in
the lateral and medial frontal regions, the superior tem-
poral gyrus, and the hippocampus. Wilke etal. (2001)
used SPM 99 and reported gray matter reduction in the
inferior and medial frontal, superior temporal and insu-
lar regions in schizophrenia. In SPM 99 studies of the
first episode subjects, Job etal. (2002) reported de-
creased gray matter in the anterior cingulate, medial
frontal lobe, middle temporal gyrus, and limbic lobe,
and Kubicki etal. (2002) showed decreased gray matter
within the superior temporal gyrus. Ananth etal. (2002)
used optimized-VBM and reported gray matter loss in
several regions including the ventral and medial pre-
frontal cortices. Moreover, a deformation-based mor-
phometric study by Volz et al. (2000) revealed volume re-
ductions in the medial and lateral frontal, and the
superior temporal regions.

We found evidence of a significant volume reduction
in both schizophrenia and schizotypal groups in the left
inferior frontal gyrus, the left insula, the left superior
temporal gyrus, and the left medial temporal lobe struc-
tures. Reduced volume of the superior temporal gyrus
and the medial temporal structures in schizophrenia has
been consistently emphasized in previous reviews
(Lawrie and Abukmeil 1998; Shenton etal. 2001; Wright
etal.2000).Involvements of the temporal lobe structures
in schizotypal subjects have been controversial. De-
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creased superior temporal volume and preserved vol-
ume of the hippocampus and amygdala were reported in
male subjects with schizotypal personality disorder re-
cruited from the community (Dickey etal. 1999). How-
ever volume reduction in the superior temporal gyrus
was not observed in female subjects (Dickey etal. 2003).
A study on clinic-based schizotypal personality disor-
der patients showed a smaller temporal lobe but pre-
served superior temporal gyrus, and the authors de-
duced a volume reduction in the medial temporal lobe
(Downhill etal. 2001). The present study has provided
evidence for the superior and medial temporal abnorm-
alities in a relatively large sample of clinic-based schizo-
typal subjects.

In a study by Lawrie etal. (1999), a significant volume
reduction in the amygdala-hippocampal complex was
observed both in the schizophrenia patients in their
first-episode and the subjects at high familial risk for
schizophrenia, and the magnitude of the volume reduc-
tion was greater in the schizophrenia patients than in
the high-risk subjects. A study by Van Erp etal. (2002)
showed that the psychotic probands had smaller hip-
pocampal volumes than did their siblings, who in turn
had smaller hippocampal volumes than did the healthy
subjects. Seidman etal. (2002) reported that schizo-
phrenic relatives had smaller left hippocampus com-
pared with controls and that hippocampal volumes did
not differ between schizophrenia patients and their rel-
atives. A cross-sectional comparison by Pantelis etal.
(2003) reported that ultra high-risk individuals who
later developed psychosis showed a gray matter reduc-
tion in the medial temporal, superior temporal, and in-
ferior frontal regions compared with those who did not
develop psychosis. They further reported in a longitudi-
nal comparison that individuals who developed psy-
chosis showed progressive gray matter reduction in the
medial temporal regions. Taking together the present
and previous findings, the extent of pathology in the me-
dial temporal regions, and presumably in the superior
temporal gyrus, may account for the degree of vulnera-
bility to schizophrenia, but further progress of the me-
dial temporal pathology may contribute to the transi-
tion to psychosis. Present results also suggest that
volume deficits in the lateral part of the inferior frontal
gyrus and the insula are associated with the vulnerabil-
ity.

The most noteworthy finding was that only in the
schizophrenia patients, unlike the schizotypal subjects,
the decreased gray matter concentration of the medial
frontal cortex and the left middle frontal gyrus was evi-
dent with convincing statistical power. Moreover, the
comparison between these two groups highlighted the
left orbitofrontal cortex. These results are in accord with
the notion that both schizotypal subjects and schizo-
phrenia patients appear to show abnormalities in the
temporal lobe volume, but schizotypal subjects do not
appear to show the volumetric decreases in the frontal
cortex or frontal-lobe related structures that schizo-
phrenia patients showed (Siever etal. 2002; Suzuki etal.
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2004), although prefrontal gray matter decrease was re-
ported in a mixed sample of individuals with schizo-
typal/paranoid personality disorder (Raine etal. 2002).
Moreover, a longitudinal comparison of individuals be-
fore and after psychosis development stressed the cin-
gulate cortex as well as the orbitofrontal cortex (Pantelis
etal. 2003). These results suggest that frontal cortical
changes especially in the medial frontal regions includ-
ing the anterior cingulate cortex are critical for the de-
velopment of florid psychotic symptoms (Kurachi
2003).

A few recent studies reporting contradictory findings
to our conclusion must be referred to. In a twin study by
Cannon etal. (2002), the genetic vulnerability to schizo-
phrenia was associated with deficits primarily in the po-
lar and dorsolateral prefrontal cortex, whereas the psy-
chotic phenotype was associated with deficits primarily
in the dorsolateral prefrontal cortex, superior temporal
gyrus, and superior parietal lobule. Job etal. (2003)
demonstrated that subjects at genetic high risk of schiz-
ophrenia had reduced gray matter in the bilateral ante-
rior cingulate compared to controls. Although these
findings are inconsistent with other previous studies re-
porting temporal lobe abnormalities as main results in
subjects at genetic risk (Lawrie etal. 1999; Seidman et al.
2002; Van Erp etal. 2002), they raise the possibility that
the genetic risk for schizophrenia is distinct from the
schizotypal trait in its morphological basis for vulnera-
bility. Further data will be needed to resolve this issue.

A recent review (Shenton etal. 2001) pointed to the
increased volume of the basal ganglia in schizophrenia
and stated that prior neuroleptic exposure is an impor-
tant factor in this finding. In the present study, all the pa-
tients with schizophrenia had received antipsychotic
medication, while two subjects with schizotypal disor-
der were drug-naive and others had received signifi-
cantly smaller amounts of neuroleptics than schizo-
phrenia patients. The increased gray matter
concentration in the basal ganglia of patients with schiz-
ophrenia but not schizotypal disorder may be explained
by the differences in antipsychotic medication. More-
over, Shihabuddin etal. (2001) reported that the basal
ganglia volume was smaller in patients with schizotypal
personality disorder than in controls. A failure to find
significant changes in the basal ganglia of schizotypal
subjects may also be explained by the medication.

Several limitations of this study need to be taken into
account. Because of the FWHM resolution of 12 mm in
the image smoothing, it appears to be more appropriate
to consider peak coordinates located in the midline as
bilateral findings. Moreover, a subtle change in the small
brain structure with increased variance between sub-
jects may lead to false-negative statistical results, be-
cause a voxel of such a region may not represent exactly
the same small structure for each subject in the group.
Systematic shape differences such as the enlarged ven-
tricle of the patients may also lead to allocation during
the spatial normalization (Bookstein 2001; Ashburner
and Friston 2001). The possibility exists that the septal

region, and perhaps the insula and the anterior part of
the superior temporal gyrus, extracted by SPM repre-
sent the enlarged ventricle or fissure per se. Although
observed gray matter reductions surrounding these CSF
spaces are intriguing, care must be taken not to over-in-
terpret the extracted coordinates. Further refinement of
spatial normalization such as the optimized-VBM
(Good etal. 2001; Ananth etal. 2002) will help to clarify
this issue.

The VBM clearly elucidated structural abnormalities
in schizophrenia and schizotypal disorder. The present
findings require replication in a study with a larger
number of subjects with consideration of gender diffe-
rences. Optimally, a longitudinal study design that in-
cludes measurements before and after the onset of
schizophrenia would be used. The common features of
left sided gray matter changes in the medial temporal re-
gion, the superior temporal gyrus, the inferior frontal
gyrus, and the insula may represent vulnerability to
schizophrenia. In addition, involvement of several
frontal regions, namely the bilateral medial frontal cor-
tex, the left middle frontal gyrus, the left orbitofrontal
cortex and the right inferior frontal gyrus, may be of
crucial significance to the development of florid psy-
chotic symptoms in schizophrenia.
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