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#2 SFS-) OMAESR LM

A kmiER/ HexWmE

BEE o/l

F il F fli
UvaZsl 33.2* 40.2°*
st ABE 26.4** 37:7*
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abstract
Reliability and validity of the Social Functioning Scale Japanese version (SFS-J)

Takahiro Nemoto', Chiyo Fujii*?, Yuta Miura", Bun Chino", Hiroyuki Kobayashi’,
Ryoko Yamazawa', Masaaki Murakami®, Haruo Kashima, Masafumi Mizuno®

Individuals with schizophrenia show impairments in various aspects of daily lives. The Social
Functioning Scale (SFS) by Birchwood et al. was developed to measure the effect of family
interventions in schizophrenia from the viewpoint of social functioning. We developed a Japanese
version of the Social Functioning Scale (SFS-J) and examined its reliability and validity. The
scale demonstrated high reliability and validity. The SFS is one of the most frequently reported
social functioning scales used in the assessment of schizophrenia. It is expected that the SFS-] will
contribute to the cross-cultural research on the disabilities of people with schizophrenia and the
development of psychosocial rehabilitation in Japan.

JPN Bull Soc Psychiat 17 : 188-195, 2008

" Department of Neuropsychiatry, School of Medicine, Keio University. 35 Shinanomachi, Shinjuku
~ku, Tokyo 160-8582, Japan

¥ Department of Social Work, Saitama Prefectural Universily

Y Department of Sociology and Social Work, Meiji Gakuin University

4 Department of Newropsychiatry, School of Medicine, Toho University
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Cognitive impairment in older patients with schizophrenia or depression
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Takahiro Nemota Masafumi Mizuno

Department of Psychiatry and Biobehavioral Sciences, David Geffen Schoal of Medicine at UCLA®'
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Anomalous Cerebral Asymmetry in Patients
with Schizophrenia Demonstrated by
Voxel-Based Morphometry

Yasuhiro Kawasaki, Michio Suzuki, Tutomu Takahashi, Shigeru Nohara, Philip K. McGuire, Hikaru Seto,
and Masayoshi Kurachi

Background: Evaluating cerebral asymmetryin schizophrenia patients potentially leads to understanding the extent towhich the disorder
involves a neurodeveloprental failure. We sought to clarify inwhich brain regions of the patient the normal cerebral asymmetry is disrupted
and the extent of disruption.

Methods: Voxel-based morphometry to evaluate gray matter asymmetry was carried out with magnetic resonance images from a total of
120 right-handed subjects. They comprised four groups of 30 subjects (l.e, male schizophrenia, female schizophrenia, male control, and
fernale control). To examine gray matter asymmetry we generated images of the lateralization index.

Results: The analysis within each of four groups revealed a consistent pattern of gray matter asymmetry over all groups. However group
comparison between all patients and all healthy subjects showed significant difference in the cerebral lateralization in the pars triangularis
and planum temporale. Frequency distributions of the lateralization index showed a skew toward rightward asymmetry in the pars
trianglaris and a reduction in leftward asymmetry in the planum temporale In patients relative to control subjects.

Conclusions: Adisturbance of cerebral asymmetry in schizophrenia was suggested to be present in language-related regions, which might

reflect a perturbation in the lateralization process underlying left cerebral dominance for language.

Key Words: Broca's area, cerebral asymmetry, magnetic resonance
imaging, planum temporale, schizophrenia

brain asymmetry and functional cerebral dominance for
language is well established. In the normal brain, there are
inter-hemispherie differences in frontal and occipital extensions,
namely brain torque or petalia (1-3), Sylvian fissure length and
angle (4.5), the sizes of the posterior language area such as the
planum temporale and Heschl's gyrus (6-9), and the anterior
language area of the pars triangularis and pars opercularis of the
inferior frontal gyrus (10,11). These anatomical asymmetries are
genetically programmed, and the extent of such lateralized
patterns is modulated by handedness and gender (12,13).
Evaluating cerebral asymmetry in schizophrenia patients po-
tentially leads to understanding the extent to which the disorder
involves a neurodevelopmental failure. A number of magnetic
resonance imaging (MRI) studies have found an absence or an
inversion of normal cortical asymmetry in patients with schizo-
phrenia (14,15). Research interest has panticularly focused on the
superior temporal gyrus (16-18), the frontal and occipital regions
(19-22), and the Sylvian fissure (23,24). Crow (25) has postulated
that observed loss of cerebral asymmetry in schizophrenia is

T he existence of hemisphenc laterality in morphological
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related 1o a failure in establishing cerebral dominance for lan-
guage and is most likely under genetic control.

In the present study we used voxel-based morphometry
(VBM) (26), which allows us to examine the entire brain and thus
1o assess the involvement of all these regions in the same
individuals, With regard to hemispheric laterality, VBM has been
shown to replicate previous region of interest (ROI) findings of
normal adult human brains (27-30). Our aim was 10 clarify in
which brain regions of the schizophrenia patient the normal
pattern of cerebral asymmetry is disrupted and to what extent
this disruption takes place. Owing to the hypothesis that the
lateralization process underlying left cerebral dominunce for
language might be perturbed in schizophrenia (25), we predicted
that a disturbance of cerebral asymmetry would be evident in
language-related regions.

Methods and Materials

Subjects

Clinical and demographic characteristics of subjects are pre-
sented in Table 1. All patients and control subjects were Japanese
(i.e., Mongoloid), ages between 18 and 45 at the time of
assessment, and their first language was Japanese, All subjects
were definitely right-handed, because all items of a handedness
inventory (31) indicated as nght-handed. Thity men and 30
women of patient groups fulfilling 1CD-10 diagnostic criteria for
research on schizophrenia (32), as shown in Table 1, were
recruited from the inpatient and outpatient clinics of the Depart-
ment of Neuropsychiatry, Toyama, University Hospital. All pa-
tients were being treated with antipsychotic medications at the
time of scanning. Seventeen were mainly receiving typical anti-
psychotic medications, and 43 were being trealed with atypical
antipsychotic medications. There was no significant difference in
age, educational achievement, age at the onset of the initial
psychotic episode, duration of illness, or haloperidol equivalent
dose between male and lemale patient groups. All patients were
physically healthy at the time of the study, and none had a
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Table 1. Demographic and Clinical Characteristics of Subjects

Schizophrenia Control Subjects
Male Mean  Female Male Female

Varlable (SD} Mean (5D) Mean (SD) Mean (SD)
Age (yrs) 259(48)  266(46)  251(51) 244(66)
Helight (cm) 1685 (45) 1589 (4.1) 1724(39) 1584 (4.)
Weight (kg) 685(133) 556(84) 64.6(7.1) 51.1(54)
Education (yrs) 140(22) 13.7 (21) 163(24) 142012)
Age of Onset of lliness

[yrs) 21.1 (48) 221 (38)
Duration of lliness

(yrs) 52 (46) 49 (42)
Medication (mg/day”) 78(53) 12201.0)

"Haloperidol equivalent dose,

history of head trauma, serious medical or surgical illness. or
substance abuse.

The conirol subjects consisted of 30 male and 30 female healthy
volunteers recruited from hospital staff, medical or pharmaceutical
students, and volunteers from the community. Subjects were
excluded if they had a history of psychiatric illness, head tauma,
neurological illness, serious medical or surgical illness, or sub-
stance abuse. The control subjects matched the patients for age,
height, and body weight. Although the male control subjects had
significantly higher educational achievemenl than the female
control subjects and the male and female patients, the educa-
tional achievement of their parents was counterbalanced among
subject groups.

After the purpose and procedures of the present study were
fully explained, written informed consent was obtained individ-
ually from each subject, and the details were entered in their
clinical records. This study was approved by the Commiltee on
Medical Ethics of University of Toyama.

MRI Acquisition and Image Analysis

The subjects underwent brain MRI scans with a Siemens 1.5-T
Magnetom Vision system (Siemens, Erlangen, Germany). A
three-dimensional gmdient-echo sequence (fast low-angle shot,
FLASH) yielding 160-180 contiguous slices of 1.0-mm thickness
in the sagittal plane was used for volume analysis. This sequence
provided high-resolution Tl-weighted images with good contrast
between gray and white matter. Imaging parameters were: echo
tire = § msec; repetition time = 24 mse; flip angle = 40°; field
of view = 256 mmy; matnx size = 256 X 256: voxel size =1 X 1 X
1 mm.

Image processing was performed with statistical parametric
mapping (SPM) 2 software (Wellcome Department of Cognitive
Neurology, Institute of Neurology, London, United Kingdom)
implemented in MATLAB 6.5.1 (Mathworks, Sherborn, Massa-
chusetts). Image analysis was petformed according to the opti-
mized protocol for spatial normalization and segmentation (33).
Adopted programs for creating a customized symimetric template
and a prion maps and for VBM procedure provided by C, Gaser
(hitpy//dbm.neuro.uni-jena. de/vbm.html) were employed. The
symmetric T1-weighted and gray matter templates as well as the
symmetric gray matter, white matter and cerebrospinal fluid a
priori maps were created by averaging all 120 subjects with
individual left-right Mlipped versions. Spatial normalization in-
volved transforming all the subjects’ MRI images to a symmetric
template, which approximated the stereotactic space of Talairach
and Tournoux. The spatially normalized images were resliced to
a voxel size of 1 X 1 X I mm. To correct for volume change
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induced during spatial transformation, the partitioned images
were modulated by Jacobian determinants from spatial normal-
ization. This effectively converts segments of gray matter density
into gray matter volume,

To examine lateralization effects (29), flipped images were
obtained by flipping the original images horizontally in the mid-
sagittal plane (i.e., x = 0). We generated images for calculation of
the lateralization index with a function (i.e., cg lat_index.mat)
provided by C. Gaser (hnp://dbm.neuro.uni-jena.de/vbm html) that
applied the following formula:

lateralization index = 2(original image
— flipped image)/(original image + flipped image)

These lateralization index images represent gray matter dif-
ferences between the two hemispheres for each voxel. Positive
voxel values on the lelt side of the image indicate that the lefi
hemisphere had higher gray matter volume than the right
hemisphere and vice versa. Images were then smoothed with a
12-mm full-width-at-half-maximal isotropic Gaussian kemnel.

Statistical Analysis

Voxel-Based Analysis for Gray Matter Asymmetry. We used
a simple analysis of variance (ANOVA) model to make inferences
about the gray matter asymmetry measures, modeling each of the
four groups separately. This is the same as modeling the main
effect of diagnosis, gender, and the diagnosis X gender interac-
tion. We created the following contrast. First we tested for a
simple effect of asymmetry within each of the four groups with a
single-sample [ test. Second we looked at the main effect of
diagnosis by specifying a contrast that compared the two patient
groups with the two control groups. Third we tested for a main
effect of gender by comparing the men and women. Finally we
assessed the difference between men and women in terms of a
diagnosis-specific asymmetry with the diagnosis X gender inter-
action. Level of significance in the voxel-level analysis was set at
p < .05 family-wise error (FWE)-corrected for muliiple compar-
isons across the entire brain volume. Significant peak coordinates
and the number of significant voxels within the cluster were also
reported.

Pearson's product-moment correlation coefficient was calcu-
lated to estimate relationships between the asymmetry measures
at the voxel of the most significant diagnosis effects and clinical
variables such as age of onset of the initial psychotic episode,
duration of illness, or haloperidol equivalent dose. Statistical
significance level was set at p < .05,

To clarify whether the significant gray matter volume differ-
ence was observed in the patients compared with control
subjects in the brain regions showing abnormal asymmetry, VBM
was performed with non-flipped original gray matter images. We
used a simple ANOVA model and an analysis of covariance
(ANCOVA) model with global measures as a covariate to evalu-
ate the absolute and relative gray matter volume difference,
respectively. We tested gray matter dilference only at the peak
voxel where the most significant diagnosis effects were detected
by the asymmetry analysis, Level of significance was set at p <
05 FWE-corrected for multiple comparisons across the entire
brain volume.

Verification of VBM Employing Traditional ROI-Based
Measures. We expected 1o find a positive correlation between
asymmetry scores of the traditional ROl method and lateraliza-
tion index images of the present study at a discrete brain region,
if VBM is as sensitive as uaditional ROl methods in detecting
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cerebral asymmetries. Among the 120 present subjects, 00,
including 15 each of male or temale patients or control subjects,
were selected in a correlation study. The asymmetry index,
calculated from the volumes of the planum temporale with the
formula 2 % (left — right/left + right) in our previous ROI-based
volumetric study (34), was pul as a covariale into a simple
regression model. Level of significance was set at p < .05
FWE-corrected for multiple comparisons across the entire brain
volume.

Results

Voxel-Based Analysis for Gray Matter Asymmetry

The analysis of a simple elfect of asymmetry within each of
the four groups revealed an extensive and consistent pattern of
gray matter asymmetry over all groups (Figure 1), Table 2 shows
brain regions with voxel-wise coordinates of significantly more
gray matter in comparison with the contra-lateral brain region. A
larger right orbitofrontal gyrus and left inferior temporo-occipital

Figure 1. Statistical parametric mapping (T) maps of one-sample contrast
evaluating lateralized gray matter difference In each subject group of fe-
male control subjects (A), male control subjects (B), female patients (C), and
male patients (D). All maps are thresholded at p < .05 family-wise error
(FWE)-carrected for the entire volume. Nate that voxels behind the surface
are displayed on the surface of the brain. 1, orbitofrontal region; 2, tempora-
r.rr.r.lpltalreglon;3,planurnllsrnpnra}e;d,rnedmlpruflunmlregnon;b,cuneus;
6, cingulate gyrus; 7, precentral gyrus; 8, paracentral gyrus; 9, middle term-
poral region; 10, cerebellum
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regions suggested the presence of the most robust asymmetry in the
brain, namely brain torque or the right frontal and lelt occipital
petalias. More focal leftward asymmetry was detected in the planum
temporale, medial prefrontal region, and inferior pan of the precen-
tral gyrus, Focal rightward asymmetry was observed in the cuneus,
dorsal pant of the postenor cingulate gyrus, paracentral gyrus,
middle temporal gyrus, and medial cerebellum

Group comparison between all patients and all healthy sub-
jects showed significant main effect of diagnosis for the cerebral
lateralization only in the pars triangularis and planum temporale,
which correspond to the anterior and posterior language regions
(Table 3 and Figure 2). The main effect of gender by comparing
all men and all women did not reach a signilicant level. Moreover
there was no signilicant diagnosis X gender inleraction even
when the relatively mild Bonferreni correction for the number of
significant voxels showing a main effect of diagnosis was applied
(1.e., small volume correction).

Frequency histograms of the lateralization index at a peak
voxel of the most significant diagnosis effects in the pars
triangularis (x = —46, y = 35, z = 9) and the planum temporale
(x = —46, y = =32,z = 14) are illustrated in Figure 3. The
distributions showed drifts in the expected directions, suggesting
that schizophrenia patients tended to shift toward being right-
ward lateralized rather than symmetric in the pars triangularis
and lended to be less leftward lateralized in the planum tempo-
rale compared with control subjects

A correlational study revealed that there was no significant
relationship between the clinical variables and the lateralization
measures at a peak voxel of the most significant diagnosis effects
in the pars triangularis (x = =46, y = 35, 2 = 9) or the planum
temporale (x = —46,y = =32,z = 14)

The simple ANOVA model demonstrated that there were
significant gray mauer reductions at the peak voxels in the pars
triangularis (x = —46, y = 35, z = 9, T = 5.21, FWE-corrected
£ = 0.013) and the planum temporale (x = —46,y = =32,z =
14; T = 5.63, FWE-corrected p = 0.003) of the left hemisphere
but not those (x = 46,y =35,z =% x = 46,y = =32,z = 14)
Employing an ANCOVA model with
global measures as a covariate did not affect the result.

of the right hemisphere.

Verification of VBM Employing Traditional ROI-Based Measures

The linear regression analysis revealed a highly significamt
positive correlation in the planum temporale (Figure 4). The
peak voxel was located at x = =55,y = =35,z =18 (T = 7.94,
FWE-corrected p < 001). The number of significant voxels
within the cluster was 986.

Discussion

The SPM results of single-sample 1test within each of the tour
groups demonstrated an extensive and consistent pattern of gray
matter asymmetry over all groups including normal bran torque
and leftward planum temporale laterality. However, group com-
parison between all patients and all healthy subjects showed
significant difference in the cerebral lateralization in the pars
triangularis and planum temporale. These regions showed left
sided gray matter volume reductions in the patients compared
with healthy control subjects. To the best of our knowledge, this
is the first investigation administrating the VBM to examine
structural cerebral asymmelries in patients with schizophrenia

Several ROI-based MRI studies have demonstrated reduced or
reversed asymmetry of the planum temporale in schizophrenia
patients (34-306). Others have found associations between re-
versed asymmetry and the severity of psychotic symptoms
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Table 3. Brain Regions Showing a Significant Difference in the Cerebral Lateralization Between All Patients and All

Healthy Contral Subjects

Voxel-Level
MNI Coordinates
Number of FWE-Comected

Brain Reglon and Brodmann Area Vaoxels Peak T P X y z Laterality
Pars Trlangles

45 70 51 o8 —46 35 9 Lt.> Rt
Pranum Temporale

4 80 4.9 m9 -46 -32 14 Lt.> Rt

42 16 48 032 -58 -33 17 Lt.> Rt

FWE, family-wise errors; MNI, Montreal Neurclogical Institute.

(37-40). Negative findings, however, have been reponed with
regard to either the reversed asymmetry (41-43) or the correla-
tion with symptomatology (44,45). Our data demonstrated that
right-handed patients and healthy subjects represented left later-
alized planum temporale asymmetry; however, the degrees ol
lateralization were obviously declining in the patients from those
in healthy subjects. The present study provides a replication of
previous ROl-based studies by VBM.

Structural asymmetries in Broca's area and its homologue
have been less frequently studied than in the planum temporale.
Leftward asymmetry has been reponted in Broca's area including
the pars triangularis and/or pars opercularis (6,10,11,27 46,47).
Not all studies, however, have found structural asymmetry in this
area (28-30). Although the present apalysis did not show
significant asymmetry in Broca's area of any subject group, group
comparison revealed a significant difference in gray matter
laterality between schizophrenia patients and healthy subjects.
The frequency distribution of the lateralization index in each
individual indicated that healthy subjects showed a slight lefi-
ward skew, close to the point of symmetry, whereas schizophre-

B

nia patients tended to have a rightward skew. To our knowledge,
there has been no study regarding disrupted structural asymme-
try in Broca's area of schizophrenia, Several VBM studies to-
gether with the present results, however, found a volume
reduction in the inferior frontal region of the left hemisphere
rather than of the right hemisphere (48-50). Functional neuro-
imaging studies have demonstrated that schizophrenia patients
showed reduced language lateralization of the anterior language-
related area compared with healthy control subjects (51-53).
Further studies should be made to clarify the interrelationship
between functional and structural lateralization in Broca's area
and its pathophysiological signilicance.

Previous ROI-based studies have indicated that normal torque
is diminished or absent in schizophrenia with an early onset (54),
first episode schizophrenia (19), chronic schizophrenia (55), and
schizophrenia patients with a family history of psychosis (56). By
analyzing with the whole brain technique of VBM, however, we
found that normal orque was common to both the patients and
control subjects irrespective of gender. Our lindings were con-
sistent with previous observations using a different whole brain

Figure 2. Statistical pararmnetric mapping (T) map
showing reglons exhibiting significant main effect of
diagnosis for the cerebral lateralization, thresholded
at p < .05 family-wise error (FWE)-comected for the
entire volume. The reglons are demonstrated as sym-
metric surface rendering (A). Note that voxels behind
the surface are displayed on the surface of the brain.
Orthogonal symmetric sections represent significant
voxels at Brodmann's area (BA) 41 (B), BA 42 (C), and
BA 45 (D).
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Figure 3. Distributions of the lateralization index at a peak coordinates of
the pars triangularis (x = —46,y = 35,2 = 9) In the upper row (A) and at a
peak coordinates of the planum temporale (x = —46,y = —32,7 = 14}inthe
lower row (B), Blue bars, healthy control subjects; red bars, schizophrenia
patients.

technique for estimating cerebral asymmetry (22) and also
ROl-based studies of brain torque of schizophrenia patients
(21.57). Considering the discrepancy among previous results,
Chance et al (58) cautioned that brain torque is a combination of
hemispheric shift and differential tissue distribution and, there-
fore, reported that only tissue distribution was changed in
schizophrenia. The symmetrical spatial normalization procedure
of the present VEM enables us to evaluate inter-hemispheric
differences in tissue volume by means of reducing an inter-
hemispheric positional shift. Thus, more sophisticated measures
of a positional shift are necessary for resolving an issue of
whether significant differences in brain torque is lacking be-
tween patients with schizophrenia and control subjects.

To test the validity of VBM for detecting gray matter asymme-
try we compared the lateralization index obtained automatically
on a voxel-by-voxel basis with the asymmetry index obtained
manually with a conventional ROl-based approach (34). The
significant positive correlation between both sets of asymmetry
scores of the planum temporale indicates that VBM is a sulli-
ciently sensitive method for detecting cerebral asymmetry. This
observation is in close agreement with the previous lindings
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(29,48) of the methodological validity of VBM. However, one of
the problems with interpreting VBM data is the dependence on
the registration algorithm (59.60). Even with non-linear registra-
tion the VBM procedure does not always indicate a good
correspondence between the template and each individual sub-
ject. A more sophisticated registration algonthm would enable us
to attribute observed differences to volumetric differences more
precisely.

Several limitations of the present study must be taken into
account. First, it is conceivable that longitudinal cerebral volume
changes, especially after disease onset, could modily genetically
programmed asymmetry. Recent studies have demonstrated pro-
gressive cortical volume loss in the superior temporal region (61)
as well as in the prefrontal region (62) in the first episode of
schizophrenia, whereas antipsychotic treatments have been sug-
gested 1o affect cerebral volumes (62,63). These possible degen-
erating and/or modulating process after disease onset might have
influenced our result of the language related regions. Second, the
present study did not replicate the finding ol the gender differ-
ences in the planum temporale asymmetry, which have been
frequently reponed (64). One previous VBM study with a large
sample of 465 adults replicated the gender difference (27),
whereas another VBM study with a smaller sample of 142 adulis
tailed (30). Thus, our negative result might also be due to the
relatively small sample size. Third, increased prevalence of
lefi-handedness in schizophrenia has been repornted previously
(14). Because all the subjects of the present study were right-
handed, left-handed or non-right-handed subjects with poten-
tially inverse asymmetry were excluded. Histograms of the
lateralization index might reveal distinguishing features, il we
examine subject groups with a more representative proportion
including non-right-handed subjects.

In summary, the present whole brain analysis of gray mater
volume laterality showed that schizophrenia patients have slight
but significant alterations of normal distribution of cerebral

Figure 4. Statistical parametric mapping (T) map showing regions of posi-
tive correlations between the planum temporale asymmetry scores of the
traditional region of interest (ROI) method and lateralization index images,
thresholded at p < .05 family-wise arror (FWE)-corrected for the entire
volume. An orthogonal symmetric template image showing significant vox-
els at Brodmann's area 42.
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lateralization in the pars triangularis and planum temporale.
These findings suggest that a disturbance of cerebral asymmetry
is evident in language-related regions in schizophrenia, which
might reflect a perturbation in the lateralization process under-
lying left cerebral dominance for language.
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