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Objectives  Abnormalities in various subcortical regions have been reported in previous structural
neuroimaging studies for schizophrenia. To understand the subcortical abnormalities as a whole,
all subcortical regions should be explored in each subject unlike most previous studies. Here, we
explored major subcortical structures using volume measurement and shape analysis for schizo-
phrenic patients (S2), their unaffected siblings (Sib) and healthy controls without affected sibling
(HC).

Methods  Structural magnetic resonance images were acquired from 24 SZ, 24 Sib and 19 HC.
Both segmentation and shape analysis for subcortical structures was performed using FMRIB In-
tegrated Registration and Segmentation Tool integrated within the FSL software. The group com-
parison of subcortical volumes was performed with multivariate analysis of variance (MANOVA).

Results In SZ group, shape deformities were observed in the left nucleus caudates, left thala-
mus, left putamen and bilateral pallidus were increased compared with HC group. In Sib group,
shape deformities were observed in the left pallidus, left putamen and left putamen was decreased
compared with HC group. In Sib group, left nucleus accumbens was increased compared with SZ
group.
Conclusion The result of this study using volume measurement and shape analysis suggest that
subcortical structural abnormalities in cortico-striato-pallido-thalamic and reward circuits are relat-
ed with both the pathology of schizophrenia and genetic predisposition.
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Table 1. Demographic data and clinical characteristics of schizophrenic patients (SZ), unaffected siblings (Sib), healthy controls without

affected sibling (HC)

Variables SZ Sib

HC F df p value

Sex, M : F 13:11 14:10 13:6 0.448 2 0.641
Age, yr 32.2+7.8 31.9£10.0 29.0+6.2 0.924 2 0.402
Education, yr 12.7+2.0 13.8+3.2 16.9+1.1 17.064 2 <0.001
Duration of disease, mo 81.5+79.8
Number of Episode 2.9+2.3
Duration from last episode, mo 2.5+5.0
PANSS 80.5+24.9

Positive 18.3+16.3

Negative 20.3£9.0

Global 41.9+12.4

Data given as meantSD. PANSS : Positive and Negative Syndrome Scale, SD : Standard deviation
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Table 2. Brain volume measurements of schizophrenic patients (SZ), unaffected siblings (Sib), healthy controls without affected sibling

(HC)
. Group Statistics
Brain Structure - - —
Schizophrenia Sibling Healthy control F p value Post-hoc
Subcortical relative volume, %
N.accumbens, left 0.04+0.01 0.04+0.01 0.04+0.01 3.10 0.05 Sib>SZ
Amygdala, left 0.09+0.02 0.09+0.02 0.09+0.01 0.63 0.54
N.caudates, left 0.31+0.05 0.30+0.04 0.31+0.04 0.78 0.46
Hippocampus, left 0.25+0.04 0.25+0.04 0.25+0.03 0.79 0.46
Pallidus, left 0.16+0.02 0.15£0.01 0.15£0.01 3.90 0.03 SI>HC
Putamen, left 0.37+0.05 0.34+0.07 0.38+0.05 5.27 0.01 HC>Sib
Thalamus, left 0.69+0.03 0.69+0.03 0.68+0.04 2.33 0.1
N.accumbens, right 0.03+0.01 0.03+0.01 0.03+0.01 0.71 0.50
Amygdala, right 0.09+0.02 0.08+0.02 0.07+0.02 2.94 0.06
N.caudates, right 0.31+£0.04 0.29+0.05 0.30+0.03 2.74 0.07
Hippocampus, right 0.28+0.04 0.26+0.05 0.27+0.03 1.78 0.18
Pallidus, right 0.15+0.02 0.14+0.02 0.14+0.02 3.89 0.03 SI>HC
Putamen, right 0.36£0.05 0.34+0.05 0.35+£0.07 2.08 0.13
Thalamus, right 0.66+0.04 0.66+0.05 0.66+0.04 1.05 0.36
Brain volumes (cm?)
Peripheral GM 401.49+8.33 437.83+£8.33 480.92+8.17 23.26 0.00 HC>Sib>SZ
Ventricular CSF 28.20+2.20 22.80+2.20 22.88+2.16 1.99 0.14
Total GM 502.39+9.90 543.48+9.90 594.76£9.70 22.35 <0.01 HC>Sib>SZ
WM 596.43%£13.75 618.81+£13.75 614.97+£13.47 0.76 0.47
Total brain 1098.82.£17.60 1162.30+17.60 1209.73+£17.25 10.18 <0.01 HC, Sib>Sz

Data given as mean+SD, Volumes measured in cm®. A MANOVA was applied for estimating between group differences (p<0.05),
Relative volume (%) represents absolute volume/Brain volumex100. CSF : Cerebrospinal fluid space, GM : Gray matter, WM : White
matter, MANOVA : Multivariate analysis of variance, SD : Standard deviation
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Superior view Inferior view

Anterior
Left Left
Right | Right

A Posterior

Unaffected siblings vs. Healthy controls

29

Siblings>Controls

Schizophrenics vs. Healthy controls

(A
ANA

l 5.00
L 425
i 3.50
. 275
C l 2.00

Unaffected siblings vs. Schizophrenics

Fig. 1. Significant shape differences between different subject groups. For the SZ versus HC comparison, there are green-to-blue shading
which denotes regions of inward deformation compared with healthy controls without affected sibling in the anterolateral part of the left
thalamus (A), the anterolateral part of the left putamen (B) and the posteromedial part of the left nucleus caudates (C). For the Sib versus
HC comparison, unaffected siblings showed deformity of the left globus pallidus (D), the left putamen (E) compared with healthy controls
without affected sibling. Figures represent inward deformation in posterolateral region, outward deformation in posteromedial region of
both structures. For the SZ versus Sib comparison, unaffected siblings showed outward deformation of left putamen (F) compared with
schizophrenic patients. But there were no significant differences between schizophrenic patients and unaffected siblings after multiple
comparison correction. SZ : Schizophrenic patients, Sib : Unaffected siblings, HC : Healthy controls without affected sibling.
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thy controls without affected sibling (HC)
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N.caudates, left Sz

Pallidus, left SZ>HC Sib
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Thalamus, left SZ

Pallidus, right SI>HC
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