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Background: Although clinical and neuropsychological findings have implicated functional
deficits of the orbitofrontal cortex (OFC) in schizophrenia, structural magnetic resonance imaging
(MRI) studies of this region have yielded inconsistent findings. In addition, it remains elusive
whether the OFC morphology in first-episode patients is related to their clinical features.
Method: MR images were acquired from 42 (24 males, 18 females) first-episode schizophrenia
patients and 35 (20 males, 15 females) age-, gender-, and parental socio-economic status (SES)-
matched healthy subjects. The OFC sub-regions (orbital gyrus and straight gyrus) were measured
on contiguous 1-mm-thick coronal slices. The OFC sulco-gyral pattern was also evaluated for each
subject. Furthermore, the relationships between OFC morphology and clinical measures were
examined.
Results: The volumes of the bilateral orbital gyri were significantly reduced in schizophrenia
patients compared with healthy subjects, whereas the volumes of the straight gyri did not show
differences between the groups. Among the schizophrenia patients, the volume of the left orbital
gyrus was inversely correlated with their SES and illness duration. The OFC sulco-gyral patterns
were significantly different between the patients and controls in the right hemisphere.
Conclusion: This study demonstrated morphologic abnormalities of the OFC in first-episode
schizophrenia patients, which may have reflected neurodevelopmental aberrations and
neurodegenerative changes during the first episode of the illness. Our findings also suggest that
such brain structural changes are related to the social dysfunction observed in schizophrenia.

© 2010 Elsevier B.V. All rights reserved.
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is a core component of the social brain network (Kringelbach,
2005; Rolls and Grabenhorst, 2008). The OFC, which has
mutual connections with the amygdala, cingulate gyrus,
dorsolateral prefrontal cortex (DLPFC), and hypothalamus
(Carmichael and Price, 1995a,b; Rempel-Clower and Barbas,
1998; Ongiir and Price, 2000), is thought to modulate human
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behavior through a stimulus-reinforcer association learning
process, and it is also involved in various cognitive functions
such as emotional processing and decision making ability
(Haas, 2001; Kringelbach, 2005; Murray et al., 2007; Rolls and
Grabenhorst, 2008). Individuals with OFC lesions have been
reported to suffer social dysfunction due to impairment of
decision making, lack of affects, inappropriate behavior, and
irresponsibility, which are often observed in patients with
schizophrenia (Eslinger and Damasio, 1985; Anderson et al.,
1999; Blair and Cipolotti, 2000; Hornak et al., 2003).

Functional abnormalities of the OFC in schizophrenia have
been demonstrated in neuropsychological studies using
decision making (Shurman et al., 2005; Kester et al., 2006;
Lee et al., 2007; Martino et al, 2007; Nakamura et al., 2008;
Yip et al., 2009) and reversal learning (Waltz and Gold, 2007)
tasks. Several functional neuroimaging studies have impli-
cated dysfunctional neural networks including the OFC in
emotional processing deficits (Dolan and Fullam, 2009; Reske
et al., 2009) as well as in positive symptomatology (Parellada
et al., 2008) of schizophrenia. However, structural magnetic
resonance imaging (MRI) studies of schizophrenia have
reported variable findings in this region, with decreased
(Gur et al., 2000; Convit et al., 2001; Chemerinski et al., 2002;
Kawasaki et al., 2004; Suzuki et al., 2005; Kim et al,, 2007;
Nakamura et al., 2008; Venkatasubramanian et al., 2008),
normal (Baaré et al, 1999; Crespo-Facorro et al, 2000;
Yamasue et al., 2004; Shad et al., 2006; Sapara et al,, 2007),
and even increased (Lacerda et al, 2007) volumes compared
with healthy control subjects. The OFC volume deficits in
schizophrenia have been associated with several clinical
variables such as illness duration (Nakamura et al., 2008) and
the severity of both positive (Nakamura et al, 2008) and
negative (Baaré et al,, 1999; Gur et al., 2000; Koutsouleris et al,,
2007) symptoms, but others did not show these relationships
(e.g., Suzuki et al., 2005; Kim et al.,, 2007; Venkatasubramanian
et al,, 2008). These inconsistencies between reports could be
partly related to methodological differences, including different
imaging techniques [e.g., region-of-interest (ROI) based or
voxel-based, differences in anatomical ROl boundaries] and
sample characteristics (e.g., first-episode versus chronic
patients, medications status, and symptom severity). Interest-
ingly, recent longitudinal MRI studies have demonstrated
progressive gray matter reduction of the OFC during the earliest
phases of schizophrenia (Pantelis et al., 2003; Borgwardt et al,,
2008), suggesting a neurodegenerative pathology of the illness
(Pantelis et al,, 2005; Wood et al., 2008). However, most MRI
studies of the OFC in schizophrenia have examined chronic
patients who had already been exposed to several confounding
factors such as antipsychotic medication or chronicity of the
illness. In addition, only one ROI-based MRI study has
investigated the OFC subregions (i.e., orbital gyrus and straight
gyrus) in first-episode schizophrenia (Crespo-Facorro et al,
2000) and the relationship between these subregional volumes
and the clinical features seen at the first-episode of the illness
remains largely unknown.

The structural heterogeneity of the OFC sulco-gyral pattern
is also an important consideration, since altered gross cortical
folding patterns have been reported in schizophrenia, possibly
reflecting a disturbance in neurodevelopment (Yiicel et al,
2002; Le Provost et al,, 2003; Fujiwara et al, 2007; Nakamura
et al.,, 2007a, 2008). As for the high inter-individual structural

variability of the OFC, Chiavaras and Petrides (2000) classified
its sulco-gyral pattern into three types (Types I, II, and lII) using
the variations of the “H-shaped” sulcus. Based on this method,
Nakamura et al. (2007a) demonstrated a significant difference
in the distribution of the OFC sulco-gyral pattern between
chronically medicated schizophrenia patients and healthy
subjects, suggesting that the OFC deficits in schizophrenia at
least partly reflect neurodevelopmental abnormalities. Fur-
thermore, they demonstrated that the rarest form, Type Ill, was
associated with poor socioeconomic status, poor cognitive
functioning, and severe symptoms in schizophrenia. To the best
of our knowledge, however, no MRI study has investigated the
OFC sulco-gyral pattern in first-episode schizophrenia patients.

In this study, we used MRI to examine the OFC subregional
volume and sulco-gyral pattern in patients with first-episode
schizophrenia and matched healthy subjects. On the basis of
previous neuroimaging findings, we hypothesized that (1)
the OFC volume would be reduced even in first-episode
schizophrenia patients compared with healthy subjects and
that (2) the distribution of sulco-gyral patterns in patients
would be different from that of the controls. We also explored
the relationship between OFC morphology and clinical
variables in schizophrenia.

2. Methods
2.1. Subjects

Forty-two patients (24 males, 18 females) with first-epi-
sode schizophrenia were recruited from the inpatient popula-
tion at the Tokyo Metropolitan Matsuzawa Hospital. Inclusion
criteria were (1) first psychiatric hospitalization, (2) younger
than 465 years old, (3) currently psychotic as reflected by the
presence of at least one “positive” symptom, and (4) a duration
of psychosis of at least one month. Diagnoses were made
according to the ICD-10 research criteria for schizophrenia
(World Health Organization, 1993), based on direct interview
as well as medical chart review. At least two experienced
psychiatrists separately examined the patients within two
weeks of admission and diagnostic consensus was confirmed.
Furthermore, we checked the diagnostic stability of all the
patients included in the present study during the follow-up
periods (1 to 5 years) after first admission. All but three males
were right-handed. All patients had already been treated with
neuroleptics at the time of scanning (medication duration
median =57.4 days). Twenty patients were treated with
atypical antipsychotics alone, and 22 patients received both
typical and atypical antipsychotics. Clinical symptoms were
assessed using the Brief Psychiatric Rating Scale (BPRS) (Overall
and Gorham, 1962).

The control subjects consisted of 35 healthy volunteers (20
males, 15 females) who were recruited from the hospital staff
and college students. All of the control subjects were right-
handed. Control subjects with a personal or family history of
psychiatric illness were excluded.

The premorbid IQ for schizophrenia patients and the
present IQ for control subjects were estimated using the
shortened version of the Japanese version of the National
Adult Reading Test (JART) (Matsuoka et al., 2006; Matsuoka
and Kim, 2006; Uetsuki et al., 2007).
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The subjects' socio-economic status (SES) as well as
parental SES was assessed using the Hollingshead's Index
(Hollingshead, 1975). The educational level was scored on a
seven-point scale according to the completed years of school,
and occupation was coded on a nine-point scale. Greater
score indicates higher educational/occupational level. When a
patient was on a leave of absence due to the onset of
psychosis, the occupational factor was scored by the current
job unless he/she had quit it. The SES score was calculated by
multiplying the scale value for education by a weight of 3 and
the scale value for occupation by a weight of 5. Then the SES

category (1 to 5) was assigned according to the SES score. A

smaller numerical value indicates a higher social position.

Table 1 shows the demographic and clinical data of the
subjects. The two groups (ie., schizophrenia patients and
control subjects) were matched for age, gender, and parental
SES. The control subjects had a higher SES [ANOVA, F=33.17
(df=1,72), p<0.001] and a higher estimated IQ [ANQVA,
F=8.02(df=1,72), p=0.006].

All subjects were physically healthy at the time of the
study, and none had a lifetime history of serious head trauma,
neurological illness, serious medical or surgical illness, or
significant alcohol or substance abuse disorder. All subjects
participated in this study after providing written informed
consent. This study was approved by the Committee on
Medical Ethics of Tokyo Metropolitan Matsuzawa Hospital.

2.2. Magnetic resonance imaging procedures

MR images were obtained using a Philips Intera 1.5-T
scanner (Philips Medical Systems, Best, The Netherlands) with
a three-dimensional sequence yielding 192 contiguous T1-
weighted slices of 1.0-mm thickness in the axial plane. The
imaging parameters were as follows: repetition time =21 ms,
echo time =9.2 ms, flip angle =30°, field of view =256 mm,
matrix size = 256 x 256 pixels, voxel size = 1.0x 1.0 x 1.0 mm°.
The intensity non-uniformity in MR data was corrected by the
non-parametric non-uniform intensity normalization (N3)
method (Sled et al., 1998).

Detailed procedures for the image volumetric analysis have
beendescribed elsewhere (Takayanagi et al., 2010). Briefly, on a
UNIX workstation (Silicon Graphics, Inc., Mountain View, CA),
the image data were randomly coded and analyzed with the Dr.

Table 1
Demographic and clinical characteristics of the subjects.

57

View 5.3 software package (Asahi Kasei Joho System, Tokyo,
Japan). Head tilt during the scanning was corrected in three
dimensions. Brain images were then reconstructed into entire
contiguous coronal images of 1-mm thickness vertical to the
anterior commissure-posterior commissure line. The signal-
intensity histogram distributions from the T1-weighted images
across the whole brain for each subject were used to segment
the voxels semi-automatically into gray matter, white matter,
and cerebrospinal fluid (CSF) according to the Alpert algorithm
(Alpert et al,, 1996). Finally, obtained gray matter images were
carefully inspected and corrected manually if a segmentation
error was found, although we employed a signal intensity-
inhomogeneity correction (N3) method.

2.3. Brain volumetric measurements

2.3.1. Orbitofrontal cortex volume measurements

Gray matter volumes of the orbital and straight gyri were
measured in consecutive 1-mm thick coronal slices. As the
lateral orbital sulcus (the lateral ramus of the “H-shaped”
sulcus) and olfactory sulcus are less variable than other OFC
sulci, we employed these two stably observed sulci as
anatomical boundaries of the regions of interest (ROI), as
was the case in a recent study (Nakamura et al., 2008). The
boundaries of each ROI were defined as described in Table 2.
Fig. 1 presents the delineation of both cortical regions.

2.3.2. Intracranial volume (ICV) measurements

For following statistical analyses, ICV was measured to
correct for differences in head size. Brain images were
reformatted into consecutive 5-mm-thick sagittal slices with
each voxel as 1x1x5mm° The intracranial cavity was
manually traced in each slice, using the anatomical landmarks
shown by Eritaia et al. (2000).

2.4. Identification of the OFC sulco-gyral pattern

We used the OFC sulco-gyral pattern classification method
demonstrated by Chiavaras and Petrides (2000). Briefly, OFC
sulco-gyral patterns were classified into the following three
types according to the continuity of the “H-shaped” sulcus
consisting of the medial orbital sulcus, transverse orbital
sulcus, and lateral orbital sulcus. In type I, the medial orbital

Schizophrenia patients

Control subjects Analysis of variance

Male Female Male Female Diagnosis Gender
(n=24) (n=18) (n=20) (n=15) F p F P
Age (years) 286+59 297 +5.7 306+55 285445 0.11 0.741 0.16 0.688
Handedness (number of right handed subjects) 21 18 20 15
Socio-economic status 27+12 294141 1.74+05 1.6+05 33.17  <0.001 0.07 0.800
Parental socio-economic status 24409 27+08 23+0.7 23406 135 0249 124 0270
Estimated 1Q° 1026498 102.1+7.7 108.9+7.2 107.2+90 8.02 0006 081 0.776
Duration of untreated psychosis (months) 7.7+103 99+136
Duration of illness (months) 1054120 13.7+131
Duration of medication (days) 4184672 795+£7189
Medication (mg/day, chlorpromazine equiv.) 1007.1£516.7 901.34+465.9
Total BPRS score 407 +£111 379495

BPRS, Brief Psychiatric Rating Scale.

* Estimated IQ was measured using the shortened version of the Japanese version of the National Adult Reading Test (JART) (Matsuoka et al,, 2006; Uetsuki et al,, 2007).
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Table 2
Anatomical boundaries of the regions of interest.
Region Anatornical landmark
Orbital gyrus
Anterior border Frontomarginal sulcus
Lateral border, anterior part® Frontomarginal sulcus
Lateral border, intermediate part  Lateral orbital sulcus (lateral
ramus of “H-shaped” sulcus)
Lateral border, posterior part? Inferior circular sulcus
Medial border, anterior part Superior rostral sulcus
Medial border, intermediate Olfactory sulcus
and posterior part !
Posterior border Most posterior slice in which inferior
circular sulcus was clearly seen
Straight gyrus
Anterior border Most anterior slice in which
olfactory sulcus was clearly seen
Lateral border Olfactory sulcus
Medial border The nearest point on the midline
from the deepest point of the
olfactory sulcus
Posterior border Olfactory trigone

2 When two sulci were seen in the same slice, the lateral orbital sulcus was
used as the lateral border.

sulcus was clearly interrupted between the rostral and caudal
portions while other sulci were connected. In Type I, the H-
shaped sulcus was uninterrupted. In Type IIi, the rostral and
caudal portions of both the medial orbital sulcus and lateral
orbital sulcus were interrupted (Fig. 2. Also see figures of
Chiavaras and Petrides, 2000).

2.5. Reliability

All ROI measurements and the OFC sulco-gyral pattern
classification were carried out by one rater (Y.T.) without
knowledge of the subjects’ gender or diagnosis. To evaluate
the inter-rater reliability, a second rater (N.M.) blinded to the
subjects' identity performed both the ROI delineation and
sulco-gyral pattern classification. The intra- and inter-rater
reliability for ROl measurements were established by mea-
suring all regions in five randomly selected subjects. The
intra- and inter-rater intraclass correlation ceefficients (ICC)
for ROl measurements ranged from 0.97 to 0.99 and from 0.91
to 0.96, respectively. To assess the intra- and inter-rater
reliability for the OFC sulco-gyral pattern identification, 25
randomly chosen cases were evaluated (50 hemispheres).
The intra- and inter-rater 1CC (kappa) for the OFC sulco-gyral
pattern classification were 0.93 and 0.83, respectively.

2.6. Statistical analysis

Al] statistical analyses were performed using the STATIS-
TICA 06] software package (Statsoft, Tulsa, OK). Statistical
differences in the regional volumetric measures were analyzed
for each ROI, using repeated measures of analysis of covariance
(ANCOVA) with ICV and age as covariates, group (patients,
controls) and gender (male, female) as between-subject
factors, and hemisphere (left, right) as a within-subject factor.
For the comparison of [CV, only age was treated as a covariate.
Group differences in sulco-gyral pattern distribution were
evaluated using the Chi-square test. One-way ANCOVA using

the OFC sulco-gyral pattern (Types I-1II) as a between-subject
factor was conducted for each hemisphere in order to
investigate regional volumetric changes associated with differ-
ent sulcogyral patterns, The relationships between sulco-gyral
pattern and clinical parameters (e.g., SES, illness duration, BPRS
scores) were analyzed for each hemisphere using ANOVA with
the OFC sulco-gyral pattern (Types I-IIl) as a between-subject
factor. Post hoc Tukey's honestly significant difference tests
were used to follow up significant main effects or interactions.
The relationships between the ROI volumes and estimated IQ,
total and subscale BPRS scores, the medication dosage and the
exact SES scores were examined with Pearson's r on the basis of
normal distribution of these variables {Kolmogorov-Smirnov
test), whereas Spearman's tho was used for analyses involving
duration of untreated psychosis, duration of illness and
duration of medication due to their skewed distribution, or
the SES category (ranged 1 t0 5), due to the ordinal nature of the
data, To control for differences in head size, relative volume
{regional volume/ICV) was used for correlation analyses. For
these analyses, statistical significance was defined as P<0.05
(two-tailed).

3. Results

3.1, Comparison of volumes of regions of interest (ROI) between
groups

Repeated measures ANCOVA revealed a significant main
effect of diagnosis for the orbital gyrus (F=7.18, df=1,71,
p=0.009), but not for the straight gyrus (F=2.53, df=1, 71,
p==:0.116). The post hoc test showed a significant cortical
volume reduction of the bilateral orbital gyri in the
schizophrenia patients (p=0.022 for the left hemisphere
and p<0.001 for the right hemisphere, respectively). There
was no significant difference in the ICV between the groups.
Neither a significant main effect of gender/hemisphere nor an
interaction among the factors was observed (Table 3).

3.2. Sulco-gyral pattern and volume of ROI

In schizophrenia patients, the OFC sulco-gyral pattern
distribution of the right hemisphere was significantly
different from that of the healthy subjects (¥*=7.73,
p=0.021), while that of the left hemisphere did not differ
between the groups ( y°=0.24, p=089). The alterations in
the distribution of the right OFC sulco-gyral pattern in the
schizophrenia patients was accounted for by decreased Type |
expression and increased Type lll expression among the
patients compared with the healthy subjects (Table 4).

One-way ANCOVAs for volumes of the orbital gyrus and
the straight gyrus with the OFC sulco-gyral pattern as a
between-subject factor did not show any significant main
effect or interaction.

3.3. OFC volume and clinical measures

For schizophrenia patients, the relative left orbital gyrus
volume was significantly correlated with their SES scores
(r=10.360, p=10.019), SES category (rho = —0.393, p=0.010)
(Fig. 3), and illness duration (rho = — 0347, p=0.024) (Fig. 4).
When we analyzed the education/occupation scores of SES
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Left hemisphere

Fig. 1. Examples of regions of interest measured in this study on coronal view [(A) anterior part, (B) (C) intermediate part, and (D) posterior part] and ventral view
(E). The OFC subregions are differentially colored in blue (orbital gyrus) and red (straight gyrus). Lt, left hemisphere; Rt, right hemisphere; FMS, frontomarginal
sulcus; [CS, inferior circular sulcus; LOS, lateral orbital sulcus; OLF, olfactory sulcus; SRS, superior rostral sulcus.
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Fig. 2. Examples of the OFC sulco-gyral patterns (Types I, II, and IIl) from three left hemispheres on the axial view.

separately, both the education scores (r=0.325,p =0.037) and
the occupation scores (r=0.305, p=0.049) were correlated
with the left orbital gyrus volume. No significant correlation
was found between ROI volumes and other clinical variables
among patients (i.e, parental SES, duration of untreated
psychosis, duration of medication, daily antipsychotic dosage,
BPRS total and positive/negative scores).

In healthy subjects, no significant correlation was found
between regional brain volumes and demographic measures
including the SES.

3.4. Sulco-gyral pattern and clinical measures

In schizophrenia patients, ANOVA did not show any
significant main effect of the OFC sulco-gyral pattern on any
of the clinical measures used as a dependent variable (Table 5).
Among the control subjects, a significant main effect of the OFC
sulco-gyral pattern for parental SES was observed in the left
hemisphere (F=3.59, p=0.040). However, a post hoc test did
not show statistical significance (p=0.095 for Type 1 versus
Type II, p=0.095 for Type I versus Type lII, and p=0.944 for
Type Il versus Type IlI, respectively) (Table 5).

4. Discussion
To the best of our knowledge, this is the first MRI study to

report both the subregional volumes and sulco-gyral pattern

Table 3
Comparison of the ROI volumes.

of the OFC in first-episode schizophrenia. In this study, we
demonstrated bilateral gray matter reduction of the orbital
gyrus, but not of the straight gyrus, in patients with first-
episode schizophrenia. These patients also exhibited altered
OFC sulco-gyral patterns (decreased Type I and increased
Type Il expression) compared with the healthy controls in
the right hemisphere. In addition, the smaller volume of the
left orbital gyrus seen in the schizophrenia patients was
related to lower SES and longer illness duration. Our findings
implicate OFC morphologic changes, which are unlikely to be
due to chronicity of the illness or medication effects, in the
pathophysiology of schizophrenia.

4.1. OFC volume reduction in schizophrenia patients

Consistent with recent MRI studies (Kim et al., 2007;
Nakamura et al, 2008; Venkatasubramanian et al, 2008;
Schobel et al., 2009; Witthaus et al., 2009), we demonstrated
that the cortical volumes of the bilateral orbital gyri were
significantly reduced in schizophrenia patients compared
with those in healthy subjects. The discrepancy between the
results of this study and those of other ROI-based studies
(Baaré et al, 1999; Crespo-Facorro et al., 2000; Yamasue et al,,
2004; Shad et al., 2006; Lacerda et al., 2007; Sapara et al,,
2007) can be partly explained by the different ROI definitions
used. We measured the OFC subregions (i.e., the orbital gyrus
and straight gyrus) on the basis of the optimized ROI
definition used by Nakamura et al. (2008), who found similar

Schizophrenia patients
(n=42)

Control subjects
(n=35)

Regions of interest

ANCOVA main effects

Diagnosis Gender Hemisphere
F p F p F p
Intracranial volume 1492.14+ 1418 1533941279 2,70 0.105
Orbital gyrus B
Left 12.07 +£2.01 13.254+1.99 7.18 0.009 0.04 0.841 0.15 0.699
Right 11.56 +£1.63 12.914-2.60
Straight gyrus
Left 3.054+046 3241042 253 0.116 0.07 0.789 1.81 0.183
Right 3.36+0.56 3.644058

Values represent mean + SD of measured volume (cm?). ANCOVA, analysis of covariance.

* For the results of the post-hoc tests, see the text.
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Table 4
Distribution of OFC sulco-gyral pattern.

Schizophrenia  Control  Chi-square

patients subjects  test
N $ N % 2 p
Left hemisphere
Sulco-gyral pattern
Type | 20 48 18 51
Type 1l 13 31 11 31 024 089
Type Ill 9 P S R )
Right hemisphere
Sulco-gyral pattern
Type | 13 31520 57
Type II 16 38 12 34 773 0.021
Type 11 13 31 3 9

OFC changes as in this study. Lacerda et al. (2007)
demonstrated volume increase of the left OFC in first-episode
schizophrenia, but their ‘geometrical method' only assessed
the anterior part of the OFC. Differences in sample character-
istics (first-episode or chronic patients, gender ratio, severity
of symptoms) might have also been related to the inconsis-
tent OFC findings. The negative findings of several previous
studies that mainly employed chronically treated patients
(Baaré et al., 1999; Yamasue et al., 2004; Sapara et al., 2007)
might have been partly due to the neuroprotective effect of
antipsychotics (Lieberman et al., 2005; Molina et al., 2005;
Van Haren et al.,, 2007). Several ROl-based studies examined
only male patients (Baaré et al,, 1999; Crespo-Facorro et al.,
2000; Convit et al., 2001; Chemerinski et al., 2002; Nakamura
et al,, 2008), whereas one study demonstrated OFC volume
reduction in female patients only (Gur et al., 2000). Since the
severity of both positive (Nakamura et al., 2008) and negative
(Baaré et al., 1999; Gur et al,, 2000) symptoms as well as poor
social functioning (Gur et al., 2000; Chemerinski et al., 2002;
Koutsouleris et al., 2007) has been linked with smaller OFC
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Fig. 3. Correlation between schizophrenia patients' SES and the relative volume
of the left orbital gyrus. A smaller left orbital gyrus volume was negatively
associated with the patients' SES (rho = — 0.395, p=0.010). Note that a smaller
numerical value of SES indicates a higher social position.
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Fig. 4. Correlation between duration of illness and relative volume of the left
orbital gyrus. There was a significant inverse correlation between the illness
duration and the volume of the left orbital gyrus (rho= —0.347, p=0.024).

volumes in schizophrenia, differences in these clinical factors
might also be relevant to the discrepancies in OFC volumetric
analysis results.

There is evidence for gender differences in brain struc-
tures among healthy subjects (Cosgrove et al., 2007) and
gender-specific brain morphologic changes have been de-
scribed in schizophrenia (Goldstein et al.,, 2002; Gur et al,,

- 2000; Takahashi et al.,, 2002). Especially, Gur et al. (2000)

demonstrated volume reduction of the OFC only in female
patients. Although the present study showed no gender
effects on the OFC volume in both schizophrenia patients and
healthy controls, possible gender differences of the OFC
morphology need to be further tested in a larger sample.
Qur finding of a negative correlation between the volume
of the left orbital gyrus and illness duration suggests the
possibility of progressive volume reduction of the OFC during
the early course of schizophrenia. Although no ROI-based MRI
study has ever specifically examined OFC volume changes
over time, recent longitudinal MRI studies demonstrated
progressive volume reduction of the PFC in first-episode
schizophrenia (Farrow et al., 2005; Nakamura et al., 2007b;
Reig et al., 2009; Sun et al., 2008). Moreover, VBM studies in
individuals at high risk of developing psychosis have
demonstrated progressive OFC volume decrease during the
transition to psychosis (Pantelis et al., 2003; Borgwardt et al.,
2008). The present and these previous findings thus support
the notion that dynamic brain changes occur during the
earliest stages of schizophrenia (Pantelis et al., 2005).

4.2. OFC sulco-gyral pattern

In the present study, the distribution of OFC sulco-gyral
patterns in the schizophrenia patients was significantly
different from that of the healthy subjects. Consistent with
a previous study (Nakamura et al., 2007a), alterations in the
OFC sulco-gyral pattern distribution due to deceased Type I
expression and increased Type Il expression in schizophrenia
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Fig. 2. Examples of the OFC sulco-gyral patterns (Types [, II, and III) from three left hemispheres on the axial view.

separately, both the education scores (r=0.325, p=0.037) and
the occupation scores (r=0.305, p=0.049) were correlated
with the left orbital gyrus volume. No significant correlation
was found between ROl volumes and other clinical variables
among patients (i.e., parental SES, duration of untreated
psychosis, duration of medication, daily antipsychotic dosage,
BPRS total and positive/negative scores).

In healthy subjects, no significant correlation was found
between regional brain volumes and demographic measures
including the SES.

3.4. Sulco-gyral pattern and clinical measures

In schizophrenia patients, ANOVA did not show any
significant main effect of the OFC sulco-gyral pattern on any
of the clinical measures used as a dependent variable (Table 5).
Among the control subjects, a significant main effect of the OFC
sulco-gyral pattern for parental SES was observed in the left
hemisphere (F=3.59, p=0.040). However, a post hoc test did
not show statistical significance (p=0.095 for Type I versus
Type 11, p=0.095 for Type I versus Type I, and p=0.944 for
Type 11 versus Type IlI, respectively) (Table 5).

4. Discussion
To the best of our knowledge, this is the first MRI study to

report both the subregional volumes and sulco-gyral pattern

Table 3
Comparison of the ROl volumes.

of the OFC in first-episode schizophrenia. In this study, we
demonstrated bilateral gray matter reduction of the orbital
gyrus, but not of the straight gyrus, in patients with first-
episode schizophrenia. These patients also exhibited altered
OFC sulco-gyral patterns (decreased Type I and increased
Type Ill expression) compared with the healthy controls in
the right hemisphere. In addition, the smaller volume of the
left orbital gyrus seen in the schizophrenia patients was
related to lower SES and longer illness duration. Our findings
implicate OFC morphologic changes, which are unlikely to be
due to chronicity of the illness or medication effects, in the
pathophysiology of schizophrenia.

4.1. OFC volume reduction in schizophrenia patients

Consistent with recent MRI studies (Kim et al, 2007;
Nakamura et al, 2008; Venkatasubramanian et al., 2008;
Schobel et al., 2009; Witthaus et al., 2009), we demonstrated
that the cortical volumes of the bilateral orbital gyri were
significantly reduced in schizophrenia patients compared
with those in healthy subjects. The discrepancy between the
results of this study and those of other ROI-based studies
(Baaré et al., 1999; Crespo-Facorro et al., 2000; Yamasue et al.,
2004; Shad et al, 2006; Lacerda et al., 2007; Sapara et al.,
2007) can be partly explained by the different ROI definitions
used. We measured the OFC subregions (i.e., the orbital gyrus
and straight gyrus) on the basis of the optimized ROI
definition used by Nakamura et al. (2008), who found similar

Regions of interest Schizophrenia patients Control subjects

ANCOVA main effects

(=42} (n ) Diagnosis Gender Hemisphere
F p F p F p

Intracranial volume 1492.1 £ 1418 1533.9+127.9 2.70 0.105
Orbital gyrus

Left 12.07 £2.01 13254199 7.18 0.009 ™ 0.04 0.841 0.15 0.699

Right 11.56 +1.63 129142.60
Straight gyrus

Left 3.054+046 3244+042 253 0116 0.07 0.789 1.81 0.183

Right 3364056 3644058

Values represent mean = SD of measured volume (cm?). ANCOVA, analysis of covariance.

* For the results of the post-hoc tests, see the text.
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Table 5
Clinical parameters and sulco-gyral pattern.

Hemisphere ANOVA main effect of sulco-gyral
pattern {Types 1-IIl)

Clinical measures

Schizophrenia  Control subjects

patients
F P F P
Subjects’ SES Left 0.61 0212 323 0.053
Right 0.59 0.558 0.00 0.995
Parental SES Left 146 0.246 3.59 0.040*
Right 142 0254 038 0.69
Estimated IQ Left 132 0279 001 0.931
Right 1.08 0350 0.85 0435
Duration of untreated  Left 011 0.900
psychosis Right 018 0834
Duration of illness Left 0.04 0.965
Right 0.25 0.781
BPRS total score Left 0.52 0.600
Right 0.71 0.500
BPRS pesitive score Left 0.13 0.875
Right 142 0.254
BPRS negative score Left “1.58 0.218
Right 0.68 0514

ANOVA, Analysis of variance; BPRS, Brief Psychiatric Rating Scale; SES, Socio-
economic status.
* For the results of the post-hoc tests, see the text.

patients was limited to the right hemisphere. Moreover, in
our sample, the alteration of the OFC sulco-gyral pattern
distribution in patients was independent of the OFC volume
changes. Since sulcal/gyral folding is almost completed by the
third trimester of gestation (Chi et al,, 1977; Worthen et al.,
1986) and structural stability of the folding is generally
achieved from soon after birth (Armstrong et al,, 1995), the
altered sulco-gyral pattern of the OFC seen in the patient
group may reflect a neurodevelopmental abnormality in
schizophrenia.

Gross brain abnormalities in schizophrenia have already
been reported, including the lack of normal leftward sulcal
asymmetry of the anterior cingulate cortex (Yiicel et al,, 2002;
Le Provost et al., 2003; Fujiwara et al, 2007). Abnormal
asymmetry of prefrontal gyral complexity in schizophrenia
has also been demonstrated by both postmortem (Vogeley
et al., 2000) and MRI studies (Vogeley et al., 2001; Wiegand
et al., 2005). The altered OFC sulco-gyral pattern confined to
the right hemisphere in the patient group may have been
caused by a neurodevelopmental abnormality occurring in
the earliest period of life. Genetic aberrations and/or their
interactions with the environment may have contributed to
these hemisphere specific-changes, since several sets of genes
have been identified as candidates for the evolution of human
hemispheric asymmetry (Sun et al., 2005; Sun et al,, 2006),
which is present as early as 20-22 weeks gestational age
(Hering-Hanit et al,, 2001).

Nakamura et al. (2007a) examined the OFC sulco-gyral
pattern of established schizophrenia patients (duration of
illness median = 19.5 years) and found relationships between
Type Ill expression, which was increased among patients, and
lower SES, poorer cognitive function, and more severe
symptoms, whereas Type I expression was implicated in better
cognitive function and milder symptoms. However, we did not
find any relationship between the OFC sulco-gyral pattern and
clinical variables in first-episode patients. These findings

suggest that the altered sulco-gyral pattern could affect the
later clinical course of schizophrenia, as demonstrated in
chronic patients (Nakamura et al, 2007a), rather than the
clinical features of the early phase of illness.

4.3. OFC volume and socio-economic status in schizophrenia
patients

In this study, the SES of the first-episode schizophrenia
patients was significantly related to the left orbital gyrus volume
reduction. Lower social functioning and social status have been
repeatedly described in schizophrenia patients (Goldberg and
Morrison, 1963; Cohen, 1993; Agerbo et al, 2004). The social
dysfunction of schizophrenia patients is probably due to
multiple factors such as neurocognitive deficits, lower child-
hood socio-economic status, and positive and negative symp-
toms (Wicks et al, 2005; Mohamed et al, 2008). Given the
functional significance of the OFC in various cognitive and
emotional functions (Hornak et al, 2003; Kringelbach, 2005;
Rolls and Grabenhorst, 2008), it can be speculated that the OFC
volume deficit gives rise to impaired decision making, lack of
affects, inappropriate behavior, and irresponsibility, ali of which
could affect their social functioning.

Epidemiologic studies have shown that such social
impairments are already seen in individuals in the prodromal
phase (Hafner et al,, 1995; Yung et al., 2003; Mason et al.,
2004; Addington et al., 2008). Although the current study
cannot address the question of whether the OFC volume
reduction occurs and affects subjects' social functioning
during the prodromal phase of schizophrenia, the relation-
ship between smaller OFC volume and worse premorbid
social functioning in chronic schizophrenia patients (Gur
et al., 2000; Chemerinski et al., 2002) and the progressive OFC
volume decrease during the transition to psychosis demon-
strated previously (Pantelis et al., 2003; Borgwardt et al,
2008) suggest that the structural changes in the OFC and
social dysfunction may have developed before/during the
onset of overt psychosis.

4.4, Limitations

A few potential confounding factors in this study should
be taken into account, First, this study was partly limited by a
lack of a comprehensive assessment of neuropsychological
functioning (e.g., decision making ability), as previous MRI
studies demonstrated the relationship between OFC mor-
phology and cognitive functioning in both schizophrenia
patients and healthy control subjects (Nakamura et al,, 2007a,
2008). Second, other brain regions that might be associated
with social functioning were not measured in the current
study. For example, several studies have suggested relation-
ships between social impairment and structural changes in
brain regions including the DLPFC (Prasad et al, 2005),
anterior cingulate cortex (Fujiwara et al., 2008), and fusiform
gyrus (Onitsuka et al., 2005) in patients with schizophrenia.
Third, although we examined the patients during their first-
episode, all patients had received antipsychotics prior to
scanning, even if only for a short period. As there is evidence
for antipsychotic medication affecting brain morphology
(Lieberman et al, 2005; Molina et al, 2005; Van Haren
et al, 2007), future research should examine drug-naive
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patients to fully exclude the influence of antipsychotic
medication. Fourth, the patient group in this study was
relatively old for first-episode psychosis group (approximate-
ly 29 years old), raising the possibility that our sample might
not be representative of the general population. Thus,
potential sampling bias may limit the ability to generalize
the findings from the present study. Finally, since abnormal-
ities of the OFC are likely to be involved in the pathophys-
iology of other psychiatric disorders (e.g., bipolar disorder;
Stanfield et al., 2009), the disease specificity of our findings
needs to be tested in future studies.

5. Conclusion

We demonstrated both gray matter reduction, which was
localized to the orbital gyrus, and an altered sulco-gyral
pattern of the OFC in patients with first-episode schizophre-
nia. These OFC structural abnormalities might reflect both
neurodevelopmental (sulco-gyral pattern) and neurodegen-
erative (gray matter reduction) changes in schizophrenia
patients. Our findings also suggested a relationship between
the OFC volume deficits and social functioning impairment in
schizophrenia patients even at their first hospitalization.
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