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Background: Anterior cingulate gyrus abnormalities
have been suggested to be involved in the pathophysiology
of schizophrenia; however, little is known about morpho-
logic changes in the perigenual cingulate gyrus in schizo-
phrenia patients.

Methods: We investigated perigenual cingulate gyrus
volume in 40 schizophrenia patients (20 men, 20 women)
and 40 age- and gender-matched normal controls using
magnetic resonance imaging. Volume of both gray and
white matter of the perigenual cingulate gyrus was mea-
sured on consecutive axial 1-mm slices.

Results: Total (left and right) perigenual cingulate gray
matter volume was significantly reduced in female schizo-
phrenia patients compared with female controls. There
was no significant difference in the gray matter volume of
the perigenual cingulate gyrus between male patients and
male controls. Left perigenual cingulate white matter
volume was significantly reduced in the patient compared
with the control group. Furthermore, significant gender
differences were found in the total gray and white matter
volume of the perigenual cingulate gyrus in control
subjects (women � men), although these gender differ-
ences were not significant in the patient group.

Conclusions: Our findings suggests volume reduction of
the perigenual cingulate gyrus in schizophrenia patients,
especially women and that gender differences in peri-
genual cingulate morphology among normal subjects are,
as has been suggested for other parts of the brain, reduced
in schizophrenia patients. Biol Psychiatry 2003;53:
593–600 © 2003 Society of Biological Psychiatry
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Introduction

Both postmortem (Albanese et al 1995; Benes 1993;
Squires et al 1993; Wyatt et al 1995) and brain

functional imaging (Andreasen et al 1992; Carter et al
1997; Dolan et al 1995; Haznedar et al 1997; Kawasaki et
al 1993; Liddle et al 1992; Nohara et al 2000; Suhara et al
2002; Tamminga et al 1992) studies have suggested that
anterior cingulate gyrus (ACG) abnormalities are involved
in the pathophysiology of schizophrenia. Morphologic
imaging studies of this region have been relatively few,
however, and have produced inconsistent results. In a
previous magnetic resonance imaging (MRI) study, we
found right ACG gray matter volume to be significantly
reduced in female patients with schizophrenia compared
with female control subjects (Takahashi et al 2002); in
contrast, Noga et al (1995) and Szeszko et al (1999) did
not find a significant difference in ACG volume among
patients and control subjects. The inconsistencies among
the previous MRI studies may be due in part to different
definitions of anatomic boundaries in measurements of the
ACG. Cytoarchitectural, connectional, and functional dif-
ferences have been reported between the rostral (“affective
division”) and the more caudal (“cognitive division”)
portions of the ACG, as reviewed by Devinsky et al (1995)
and Vogt et al (1995). Interestingly, a recent automated,
voxel-based analysis using three-dimensional (3D) MRI
suggested that the rostral portion of the ACG (i.e., peri-
genual cingulate gyrus) has more severe morphologic
changes compared with the caudal portion in patients with
schizophrenia (Suzuki et al 2002); however, we investi-
gated primarily the caudal part in a previous MRI study,
and other MRI studies (Noga et al 1995; Szeszko et al
1999) did not differentiate between the rostral and caudal
portions of the ACG. Thus, to our knowledge, no volu-
metric MRI studies have attempted a detailed examination
of the perigenual cingulate gyrus volume in patients with
schizophrenia.

Normal gender differences in brain anatomy have been
well established (reviewed by Pearlson and Marsh 1999).
With regard to the cingulate gyrus, Paus et al (1996)
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investigated intrasulcal gray matter volume of the cingu-
late sulcus in healthy subjects using MRI and found a
significant gender difference (larger in female than male
subjects); however, it is unclear whether the perigenual
cingulate gyrus also shows the normal gender difference
favoring women. On the other hand, given that the brain
morphologic abnormalities in patients represent a neuro-
developmental origin of schizophrenia (Weinberger 1987),
it is likely that schizophrenic brains show a lack of normal
structural gender differences, which may be regulated
during fetal development (De Lacoste et al 1986, 1991;
Goldstein et al 2001).

In this study, we used high-resolution 3D MRI to
measure the gray and white matter volume of the peri-
genual cingulate gyrus in male and female patients with
schizophrenia and age- and gender-matched normal con-
trol subjects. The purposes of this study were to investi-
gate gender differences of the perigenual cingulate gyrus
in normal control subjects and to test the hypotheses 1)
that perigenual cingulate gyrus volume would be reduced
in patients with schizophrenia compared with normal
control subjects and 2) that the normal gender differences
of the perigenual cingulate gyrus volume, if present,
would be reduced in patients with schizophrenia. More-
over, we examined whether these volumetric measure-
ments were related to clinical symptoms of schizophrenia.

Methods and Materials

Subjects
Forty right-handed patients with schizophrenia (20 men and 20
women) were recruited from the inpatient and outpatient clinics
of the Department of Neuropsychiatry, Toyama Medical and
Pharmaceutical University Hospital. All patients fulfilled ICD-10
diagnostic criteria for research on schizophrenia (World Health
Organization 1993). The patients primarily had paranoid or
undifferentiated subtypes, and male and female patients were
matched in their clinical subtypes. Their mean age was 26.1 �
5.0 (SD) years (range, 15–36). All but two of the patients were
on neuroleptic medication (mean haloperidol equivalent dose �
9.3 mg/day, SD � 9.4), with a mean duration of medication of
3.7 years (SD � 3.5). All patients were physically healthy at the
time of the study, and none had a lifetime history of serious head
trauma, neurologic illness, serious medical or surgical illness, or
substance abuse. At the time of the MRI study, their mean scores
on the Scale for the Assessment of Negative Symptoms (SANS;
Andreasen 1984a) and the Scale for the Assessment of Positive
Symptoms (SAPS; Andreasen 1984b) were 44.2 (SD � 21.0)
and 23.5 (SD � 18.4), respectively.

The control subjects consisted of 40 right-handed healthy
volunteers (20 men and 20 women) recruited from among
hospital staff and medical and pharmaceutical students. Their
mean age was 25.1 � 5.8 (SD) years (range, 18–38). Candidates
were excluded if they had any personal or family history of
psychiatric illness; a lifetime history of serious head trauma,

neurologic illness, serious medical or surgical illness; or sub-
stance abuse. The Minnesota Multiphasic Personality Inventory
(MMPI) was administered to all the control candidates, and they
were excluded if any t score for the validity or the clinical scales
exceeded 70.

The demographic and clinical characteristics of the male and
female patients with schizophrenia and control subjects have
been reported previously (Takahashi et al 2002). There were no
significant differences among the four groups in age or parental
education; however, there were significant differences in educa-
tion across the four groups [male patients, 14.2 � 2.1 years;
female patients, 13.1 � 2.1 years; male control subjects, 17.2 �
2.6 years; female control subjects, 14.5 � 1.2 years; analysis of
variance (ANOVA), F � 14.10(3,76), p � .001]. The post hoc
Scheffé test showed the male control subjects to have a higher
level of education than the female control subjects (p � .002),
the female patients (p � .001), and the male patients (p � .001).
There was no significant difference between the patients and the
control subjects in height, although the men were significantly
taller than the women [men, 171.8 � 4.8 cm; women, 159.1 �
3.8 cm; ANOVA, F � 174.72(1,78), p � .001]. There were no
significant differences between male and female patients in age
at onset, duration of illness, or dosage or duration of neuroleptic
medication. There were no significant differences between male
and female patients in the total score or the subscale scores for
SAPS and SANS.

All subjects participated in the study after providing written
informed consent. This study was approved by the Committee on
Medical Ethics of Toyama Medical and Pharmaceutical Univer-
sity. When subjects were younger than 18 years, informed
consent was also obtained from their parents.

Magnetic Resonance Imaging Procedures
Magnetic resonance images were obtained using a 1.5-T Mag-
netom Vision (Siemens Medical System, Erlangen, Germany)
with a 3D gradient-echo sequence FLASH (fast low-angle shots)
yielding 160–180 contiguous T1-weighted 1-mm-thick slices in
the sagittal plane. Imaging parameters were as follows: repetition
time � 24 msec; echo time � 10 msec; flip angle � 40°; field of
view � 256 mm; and matrix size � 256 � 256 pixels. The voxel
size was 1.0 � 1.0 � 1.0 mm3. Magnetic field inhomogeneities
in our scanner were monitored by weekly phantom scanning and
daily basic quality control, and they were stable over the MR
acquisition time for this study.

The images were transferred to a Unix workstation (Silicon
Graphics, Mountain View, CA). The data were coded randomly
and analyzed with the software package Dr View 5.2 (Asahi
Kasei Joho System Co., Tokyo, Japan) blind to subjects’ gender
and diagnosis. This software allows the rater to view the image
voxels in three mutually orthogonal planes simultaneously, any
one of which may be stipulated by the rater. Brains were
realigned in three dimensions on a workstation to standardize for
differences in head tilt during image acquisition. Scans were then
reconstructed into entire contiguous 1-mm-thick axial images,
parallel to the anterior commissure–posterior commissure (AC–
PC) line. The signal-intensity histogram distributions from the
T1-weighted images across the whole brain for each subject were
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used to segment the voxels semiautomatically into gray matter,
white matter, and cerebrospinal fluid (CSF) according to the
Alpert algorithm (Alpert et al 1996). The histogram of gray
levels was computed and used to select minimal intensity points
between the gray matter and CSF peaks (lower intensity thresh-
old) and between the gray and white matter peaks (upper
intensity threshold). After separating the CSF from the tissue by
the lower intensity threshold, the resulting tissue was separated
into gray and white matter using the upper intensity threshold.
Although the images were not corrected for the magnetic field
inhomogeneities, no visible effect on quality of segmentation
was detected in any of the cases. Before volumetric analysis,
masks were semiautomatically created to demarcate the outer
extent of the intracranial contents, with the skull, scalp, and neck
tissue removed. Minimal manual editing of the masks was
required.

Perigenual Cingulate Gyrus Measurements

As illustrated in Figure 1, the perigenual cingulate gyrus was
bounded anteriorly by the cingulate sulcus and posteriorly by the
plane that was perpendicular to the AC–PC line and passing
through the anterior margin of the genu of the corpus callosum.
The left and right perigenual cingulate gyri were separately
traced in consecutive axial 1-mm slices from ventral to dorsal,
beginning with the plane showing the appearance of the cingulate
sulcus and ending dorsally with that showing disappearance of
the corpus callosum, following the methods of Hazneder et al
(1997).

There are distinct differences in the connectivities and func-
tions of the rostral (perigenual) versus caudal parts of the ACG,
as reviewed by Devinsky et al (1995) and Vogt et al (1995),
although these parts cannot be anatomically bounded by their
own structures. Therefore, we defined the previously mentioned
plane as the posterior boundary of the perigenual cingulate gyrus
not to include the caudal part of the ACG on the basis of the
proportions from the diagram of Vogt et al (1995) and from
Talairach and Tournoux (1988).

All measurements were carried out by one rater (TT), who was
blinded to subjects’ identity, gender, and diagnosis. To determine
the reliability of the measurements, five subjects were randomly
selected. The perigenual cingulate gyrus in a subset of these five
subjects were measured independently by two raters (TT, YK),
and intraclass correlation coefficients (ICCs) were calculated.
The interrater ICCs of the gray and white matter of the peri-
genual cingulate gyrus were greater than .96. Each volume was
then remeasured after at least 4 months by the first rater; the
intrarater ICCs of the gray and white matter of the perigenual
cingulate gyrus were greater than .92.

Statistical Analysis

Statistical analysis was carried out using the software package
STATISTICA 4.1J for Macintosh (StatSoft, Tulsa, OK). Relative
perigenual cingulate gyrus volume, used to control for differ-
ences in whole brain volume, was obtained by dividing the
absolute volume of the perigenual cingulate gyrus by whole brain
volume and multiplying the result by 100. The whole brain
volume of these subjects was reported elsewhere (Takahashi et al
2002). There was no significant difference between the patients
and control subjects in the whole brain volume (see Table 1). The
relative volumes of gray and white matter of the perigenual
cingulate gyrus were analyzed by repeated-measures multivariate
analysis of variance with age as a covariate (MANCOVA), group
(control subjects, patients with schizophrenia), and gender (male,
female) as between-subject factors and hemisphere (left, right) as
a within-subject variable. Post hoc Tukey tests were conducted to
follow up the significant main effects or interactions. Correlations
between the relative perigenual cingulate gyrus volume and age at
onset, duration of illness, medication dosage and duration of
neutoleptics medication were analyzed using Kendall’s � correlation
coefficients. To analyze the volume changes in relation to the
clinical symptoms, Kendall’s � correlation with Bonferroni correc-
tion was also calculated between the relative perigenual cingulate
gyrus gray or white matter volume and scores for subscales of SAPS
and SANS. Statistical significance was defined as p � .05.

Figure 1. Boundaries for the rostral (a) and the caudal
(b) parts of the anterior cingulate gyrus (ACG) are
illustrated. The perigenual cingulate gyrus (a) was
traced bilaterally in consecutive axial 1-mm slices
parallel to the anterior commissure–posterior commis-
sure (AC–PC) line. The most dorsal axial plane show-
ing the corpus callosum (1) and the most ventral axial
plane showing the cingulate sulcus (2) were chosen as
the superior and inferior boundaries, respectively. On
each axial slice, the perigenual cingulate gyrus was
bounded anteriorly by the cingulate sulcus (3), and
posteriorly by the plane that was perpendicular to the
AC–PC line and passing through the anterior margin of
the genu of the corpus callosum (4). The caudal part of
the ACG (b) has been measured in a previous magnetic
resonance imaging study (Takahashi et al 2002).
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Results

The relative volumes of the perigenual cingulate gyrus in
patients with schizophrenia and control subjects are shown
in Table 1. Repeated-measures MANCOVA of the gray
matter of the perigenual cingulate gyrus revealed a signif-
icant main effect for group [F � 4.02(1,75); p � .048] and
gender [F � 7.69(1,75); p � .007] and a nonsignificant
trend in main effect for hemisphere [F � 3.31(1,76); p �
.073]. There was a significant group � gender interaction
[F � 4.33(1,75); p � .041]. There was no group �
hemisphere [F � 1.43(1,76); p � .230], gender � hemi-
sphere [F � 0.00(1,76); p � .952], or group � gender �
hemisphere [F � 0.02(1,76); p � .883] interaction. Re-
peated-measures MANCOVA of the white matter revealed
hemisphere to have a significant main effect [F �
9.31(1,76); p � .003]. There was no significant main
effect for group [F � 1.19(1,75); p � .278] or gender [F
� 2.10(1,75); p � .151]. There were significant group �
gender [F � 5.49(1,75); p � .022] and group � hemi-
sphere [F � 6.61(1,76); p � .012] interactions. There was
no gender � hemisphere [F � 0.69(1,76); p � .408] or
group � gender � hemisphere [F � 0.05(1,76); p � .827]
interaction.

Post hoc analyses showed the gray matter volume of the
perigenual cingulate gyrus to be significantly reduced in
female patients compared with female control subjects (p
� .020). The gray matter volume of female control
subjects was significantly larger than that of male control
subjects (p � .005), whereas this gender difference was
not significant in the patients group (p � .951). There was
no significant difference in the gray matter volume of the
perigenual cingulate gyrus between male patients and
male control subjects. As for white matter, the white

matter volume of the perigenual cingulate gyrus was
significantly larger in the right than in the left hemisphere
(p � .003). The left white matter volume was significantly
reduced in patients compared with normal control subjects
(p � .033). The white matter findings were similar to
those of the gray matter in that the volume was signifi-
cantly larger in female control subjects than in male
control subjects (p � .045), and this gender difference was
reduced in the patient group (p � .919).

There were no significant correlations between the
relative perigenual cingulate gyrus volume and age at
onset, duration of illness, or dosage or duration of neuro-
leptic medication. There were no significant correlations
between the perigenual cingulate gyrus volume and the
scores for subscales of SAPS and SANS.

Discussion

In this study, we found that total (left and right) gray and
white matter volume of the perigenual cingulate gyrus
were significantly larger in female control subjects than in
male control subjects, but these normal gender differences
were not significant in patients with schizophrenia. Fur-
thermore, we found the volume of the total perigenual
cingulate gray matter to be significantly reduced in female
patients with schizophrenia compared with female control
subjects. Left perigenual cingulate white matter volume
was also reduced in patients group compared with control
subjects. To our knowledge, this is the first volumetric
MRI study that reports such morphologic changes in the
perigenual cingulate gyrus in patients with schizophrenia.

The rostral and caudal parts of the ACG have been
reported to have cytoarchitectural, connectional, and func-

Table 1. Absolute Whole Brain Volume and Relative Volume of Gray and White Matter of the Perigenual Cingulate Gyrus in
Patients with Schizophrenia and in Control Subjects

Brain Region

Patients with Schizophrenia Control Subjects

Male (n � 20) Female (n � 20) Male (n � 20) Female (n � 20)

Whole Brain (cm3) 1124.6 � 103.3 1008.8 � 87.4 1166.5 � 84.0 1058.7 � 76.0
Gray Mattera

Left .153 � .051 .161 � .062 .164 � .039 .207b � .072
Right .179 � .040 .184 � .049 .168 � .051 .213b � .055

White Matterc

Left .016 � .010 .015 � .008 .017d � .008 .028d,e � .015
Rightf .027 � .021 .024 � .012 .020 � .013 .027e � .012

Values represent means � SDs. Relative perigenual cingulate gyrus volumes were calculated as follows: (absolute perigenual cingulate gyrus volume/whole brain
volume) � 100.

aSignificant main effect (repeated-measures multivariate analysis of covariance [MANCOVA]) for group [F � 4.02 (1,75), p � .048] and gender [F � 7.69 (1,75), p
� .007] and a significant group � gender interaction [F � 4.33 (1,75), p � .041].

bSignificantly different from gray matter in male control subjects (Tukey test, p � .005) and gray matter in female patients with schizophrenia (Tukey test, p � .020).
cSignificant main effect for hemisphere [repeated-measures MANCOVA, F � 9.31 (1,76), p � .003] and significant group � gender [repeated-measures MANCOVA,

F � 5.49 (1,75), p � .022] and group � hemisphere [repeated-measures MANCOVA, F � 6.61 (1,76), p � .012] interaction.
dSignificantly different from left white matter in patients with schizophrenia (Tukey test, p � .033).
eSignificantly different from white matter in male control subjects (Tukey test, p � .045).
fSignificantly different from left white matter (Tukey test, p � .003).
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tional differences (Devinsky et al 1995; Vogt et al 1995).
The rostral part of the ACG (i.e., perigenual cingulate
gyrus) approximately corresponds to Brodmann’s area 24,
which has extensive connections with the amygdala and
periaqueductal gray matter. This part is referred to as the
affective division, which is activated in response to emo-
tional manipulations, as demonstrated in several neuroim-
aging studies among healthy subjects (George et al 1993,
1995; Ploghaus et al 2001; Whalen et al 1998). In addition,
previous functional neuroimaging studies have implicated
the perigenual cingulate gyrus abnormalities in patients
with depression (Kennedy et al 2001; Mayberg et al 1997)
or obsessive–compulsive disorder (Breiter et al 1996;
Rauch et al 1994). Significant volume reduction of the
perigenual cingulate gyrus in schizophrenia, as observed
in our study, is potentially of interest because patients with
schizophrenia generally show abnormalities in affect,
often accompanied by obsessive–compulsive symptoms
(Fenton and McGlashan 1986; Samuel et al 1993). In
contrast to the rostral portion, the more caudal part of the
ACG, which approximately corresponds to Brodmann’s
area 24� has extensive connections with the parietal cortex
and is considered to be the cognitive division (reviewed by
Devinsky et al 1995). In a previous MRI study, we
examined the volume of the caudal cognitive division of
the ACG in the same subjects discussed here and found the
gray matter volume to be significantly reduced in the right
but not the left hemisphere, in the female patients with
schizophrenia compared with female control subjects (Ta-
kahashi et al 2002). On the other hand, in the present
study, we found that the gray matter volume of the
perigenual cingulate gyrus was reduced bilaterally in
female patients compared with female control subjects.
With regard to the white matter, left perigenual cingulate
gyrus white matter volume was significantly reduced in
patients group in the study reported here, although the
white matter volume of the caudal part of the ACG
showed no significant changes in the patients (Takahashi
et al 2002). Thus, it is suggested that the rostral and the
caudal parts of the ACG have at least partially different
patterns of structural abnormalities in schizophrenia, pos-
sibly related to varying involvement of affective versus
cognitive divisions of the ACG in the pathophysiology of
schizophrenia.

The relative perigenual cingulate gyrus volume did not
correlate with clinical symptoms of schizophrenia in this
study. The reason for our failure to find significant
correlations is unclear, but it may be related to the timing
of clinical assessment of the patients. Clinical symptoms
of schizophrenia can be reversibly altered with neuroleptic
medication, but brain morphologic changes are considered
more static. An important confound in this study is that we
assessed clinical symptoms of schizophrenia at the time of

MRI study. To clarify the relationships between peri-
genual cingulate morphology and clinical symptoms, first-
episode or unmedicated patients with schizophrenia
should be investigated in future study.

In this study, we found a normal gender difference,
favoring female control subjects, in the total gray matter
volume of the perigenual cingulate gyrus. The total white
matter volume was also larger in the female control
subjects than in the male control subjects; however, these
gender differences were reduced in patients with schizo-
phrenia. As described earlier, perigenual cingulate gyrus is
involved in affect; healthy women subjects were reported
to have relatively higher glucose metabolism during rest-
ing states than their male counterparts (Gur et al 1995). In
a previous MRI study, Paus et al (1996) reported the
intrasulcus gray matter volume of the anterior part of the
cingulate sulcus to be significantly larger in female than in
male control subjects. Our finding of normal gender
differences in the perigenual cingulate gyrus volume is in
agreement with these previous observations. In healthy
subjects, gender differences that occur during fetal devel-
opment, such as differences in shape of the corpus
callosum (De Lacoste et al 1986) or in cortical asymme-
tries (De Lacoste et al 1991), have been reported. Given
that the gender differences of the perigenual cingulate
gyrus are also regulated prenatally, our finding of a lack of
normal gender differences in patients may suggest a
process involving abnormal neurodevelopment in schizo-
phrenic brains. Lack of the normal structural gender
differences in schizophrenia has also been reported in
other brain regions. For example, a left-greater-than-right
asymmetry in the planum temporale is seen more often in
healthy male subjects than in their females counterparts
(reviewed by Pearlson and Marsh 1999). In schizophrenia,
several MRI (Barta et al 1997; Kulynych et al 1996) and
postmortem (Falkai et al 1995) studies have reported a
lack of the normal structural asymmetry of the planum
temporale, especially in male patients. From the stand-
point of gender differences, this finding could be inter-
preted as a disruption of the normal patterns of gender
differences of the planum temporale in schizophrenia.
Interestingly, Goldstein et al (2002) conducted a compre-
hensive assessment of all the brain regions using a
sophisticated novel method based on MRI; these research-
ers also reported that the normal patterns of sexual
dimorphisms, particularly in the cortex, was disrupted in
patients with schizophrenia. These previous studies, as
well as the study we report here, suggest that disruption of
the normal patterns of gender differences in the brain
might be a common feature in schizophrenia.

Male and female patients in our study did not differ on
symptom ratings, suggesting that they were similar in the
severity of their illness; however, significant volume

Perigenual Cingulate Gyrus Volume in Schizophrenia 597BIOL PSYCHIATRY
2003;53:593–600



reduction of the gray matter of the perigenual cingulate
gyrus was observed only in the female patients. In schizo-
phrenia, structural brain abnormalities such as ventricular
enlargement or volume reductions of the temporal lobe
structures have been suggested to be greater in male than
in female patients (Lawrie and Abukmeil 1998; Pearlson
and Marsh 1999). On the contrary, gray matter reductions
in the frontal areas (Nasrallah et al 1990; Suzuki et al
2002) and the caudal part of the ACG (Takahashi et al
2002) have been observed predominantly in female pa-
tients. It thus may be assumed that male and female
patients with schizophrenia have, at least in part, different
patterns of structural brain abnormalities.

Several limitations of this study need to be taken into
account before any conclusion can be drawn. First, most
patients with schizophrenia in this study were chronically
medicated. In schizophrenia, the relation between brain
morphologic features and certain clinical factors, such as
duration of illness (DeLisi et al 1997; Gur et al 1998) and
neuroleptics (Chakos et al 1995; Gur et al 1998; Keshavan
et al 1994, 1998), have been reported. We did not exclude
these factors, although perigenual cingulate gyrus volume
was not correlated with duration of illness, neuroleptic
dosage, or duration of neuroleptic medication. A second
limitation is that the control subjects in our study were not
selected to be educationally equivalent to the patients with
schizophrenia, and there was a gender difference in
educational level among control subjects (higher in men
than in women); however, we optimally matched the
parental education among the male and female patients
and control subjects in our study according to the notion
that matching on the basis of educational level of parents
may reduce confounding factors in selection of control
groups when brain measures are studied (Andreasen et al
1990). A third limitation of our study is that we used the
corpus callosum as an anatomic landmark for definition of
the perigenual cingulate gyrus. The corpus callosum is one
of several brain regions suggested to be abnormal in
schizophrenic brains (Downhill et al 2000; Tibbo et al
1998; Woodruff et al 1993, 1995). We are not excluding
the possibility that differences in size or shape of the
corpus callosum between the patients with schizophrenia
and control subjects biased the results. In addition to these
limitations, the anterior end of the cingulate sulcus was
often difficult to identify because of several variations
among individuals in the course of the sulcus; however,
the variation generally did not affect the accuracy of the
measurement because the anterior end is positioned pos-
teriorly to the anterior margin of the corpus callosum in
most cases (Ono et al 1990).

In conclusion, we found a volume reduction of the
perigenual cingulate gyrus in patients with schizophrenia,
especially in female patients. As a result, gender differ-

ences in the perigenual cingulate gyrus volume in normal
control subjects (larger in female than in male subjects)
were reduced in patients with schizophrenia. This lack of
normal gender difference in schizophrenic brains may
represent a neurodevelopmental origin of the disease. It is
also suggested that rostral and caudal portions of the ACG
have a partly different pattern of structural brain abnor-
malities in schizophrenia. Patients with other psychiatric
disorders, such as affective disorders or obsessive–com-
pulsive disorder, and patients with schizophrenia who
have obsessive–compulsive symptoms, should be in-
cluded in further studies to clarify the diagnostic specific-
ity of our findings and to assess whether perigenual
cingulate morphology is related to affective or obsessive–
compulsive symptoms of schizophrenia.

This study was supported in part by a Research Grant (11–3) for Nervous
and Mental Disorders from the Ministry of Health and Welfare (Japan).
We are grateful to all attending doctors who collected clinical data on
their patients.
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