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Gray Matter Changes in Patients with Pathological Gambling :
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ABSTRACT

thological gambling(PG) using voxel—based morphometry.

Methods : We compared gray matter(GM) volumes between 10 patients with PG and 14 age— and 1Q—
matched healthy controls and examined the relationship of GM volumes with clinical variables in patients with
PG.

Results : We found significant increase of GM volume in the superior, middle, and inferior frontal gyri, the
midbrain, the middle temporal gyrus, the precuneus, and the fusiform gyrus of patients with PG. A significant
decrease of GM volume was observed in the parahippocampal gyrus and the lingual gyrus of the patient group.
In addition, GM volumes in some of these regions were positively associated with South Oaks Gambling Screen
score and negatively with age of onset in patients with PG.

O bjectives : The purpose of this study was to examine structural abnormalities of brain in patients with pa-
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Conclusion : Current findings indicate that structural abnormalities in the fronto—temporal cortex, the midbrain,
and the precuneus might be involved in the pathophysiology of PG, and contribute to some of the behavioral

changes observed in patients with PG.

KEY WORDS : Pathological gambling - Voxel—based morphometry.
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ol AF, Hold(insula), dlmHhippocampus), A%+
(thalamus), 18]31 43 (cerebellum) &) 394 (gray
matter) 9] 78 ¥ Franklin 57 517}
Q1 ol <kebAF Y (orbitofrontal gyrus), Wol@
(cingulate gyrus), Ao|F¥ S5F99 3Wd Fuj7}
Azt ik &, EF e5oMe FE A5
WAL 24 olde] Bk gtk

Zdarhd ol HY ATe FE AR AR A
B glow AF-HxA-A4 3= (fronto—stri-
ato—thalamic circuit) ¢] o}go] %
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thY # Chamberlain 5122 7k Aojlo]] £31=
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I 5 3 (trichotillomania) $AFel|A] &JuA Hsi] o] o))
B s}t 3% 8k (habit learning), QA19F A

A ol dofeke ¥ 99, F AxA, BE-divt 5

BN o

=

Al (amygdalo—hippocampal formation), AF%< 3%
et ofe] die] 9] ool R dxfe] sy
17} A4 thzatel vl bkt W gelAe] v
o) STRs 4 F5elA e Hd Atehs AdntE s
o3t

AR A BH ot B2 o o]Foln 23
HGd A7E BarER] ¢kar Qluh 2 ATl €3
3}aof 71%3F FEEA (voxel—based morphometry,
ola} VBM) & ol&3to] B4 F53 7t ols}
THEEE A B S0 724 W ols v
1A gk

1. A0

Aol A dighgde g Syl Struc-
tured Clinical Interview for DSM—IV (¢]3} SCID) ¥
£ o] &3] HA wulo R ke 107 9] HA} A}
(28.30+3.924) 9} o)} IQE #7147 2] %4 ol
ZT(25.29£4.07A4) 0] Folaiint. A wuke] xgk
7} HA =8k 32 (lifetime gambling activity) 2] B7}
2 ]3] South Oaks Gambling Screen ()3 SOGS) '
T F7HoR AlEgl o 51 o)l e A 7k
s Sfolth 7 IRkl 1 FEelE ol d ko]
7h folon 178 ¥A st SxE Al9ld B o
Ak 28 oGty WA =8 49 AT Bk
Yale—Brown Obsessive Compulsive Scale modified
for pathological gambling ()3} PG-YBOCS)® & o]
FolRL g3 Ag Ve v k) A4
T S WEo] ole A, 2) oks dEolv |
73 Aol W, 3) FAA S4e] WEe] e A
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A ETS ol d oW PAAY A WY
Sl el 2 Al ol Zhsaigic.
BE QT gAES FA5 ok 28] glglo.

] The Wechsler Adult Intelligence Scale (°]3} K—
WAIS) ghol¥ks o]&3to] IQE St
2 AE s AEdY] 9skae] 93] (institu-
tional review board) &] &2 9 - A3} A7) A
AL T4t AT BE dPdArEelA A #ed
Aol A W& Wlel disl AEE & AW s9A
£ Witk

j

¢

32

2. 5 9 "5(Image acquisition) X M2

2171574942 1.5 T scanner (Siemens, AVANTO,
Erlangen, Germany) & AFE38131.0™ 13452 a4
b‘]—X’] AAFS- 23 oqz_.l:zic‘)_ 0.9mm __,_yﬂ_,] AAPE T1
J#S magnetization prepared rapid gradient
echo (¢]3} MPRAGE) sequence (TR 1160ms, TE 4.76
ms, FOV 230x230mm, FA 15°, 208slices, 0.45 X
0.45x0.9 mm®) 7oz FJsich

HE AeHGd Ass W Y Ae 2233l
ANALYZE version 7.0(Mayo Foundation, New York,
USA) < o] &
@ (posterior commissure) A& FAOZ
ik

Statistical Parameter Mapping, version 2 (|3} SP-
M2) (Math—Works, Natick, MA, USA) eIl Al 5-dh=
15278 9] 4 4Akel Montreal Neurological Institute
tem-plate (VINI, Montreal, Canada) °l| ®%] &8} gz}
A Ozl o dE 33t Atsh(spatial normaliza-
tion) ¢k % B YIS TSIk o] HYdE 8—mm
9] full width half maximum (¢]3} FWHM) & 2= 7}
$-A19t A (Gaussian kernel) 2 F3 4 -slo H43}
(smoothing) 3F3iTE. oEAl AdE AT 54 RSl
Z4ze] Al QS S A S rekE
e 2.0%2.0%2.0mm’9] HF s w92 Wkl
th 28], SPM2el WiAle TR o s sy
83 HHedor Feleigitt A7) Qs 5%
3ol Bl R W o' P Afslels WEEAE
o]gafo] A Fu|Eta} F5-5 sk ES Jacobian
determinantE 7o} ol& 7+ WA el w3tk
HZIES AR GAE 12—mm 7FAI0 AR 54

3to] A # (anterior commissure) —5-al
AR 248t

o2

b3

ol A o] VBM

3. 51 24
WA ) et Y a9 Q7 v
of Blm QT thA 57k 2] 2] Mann-Whit-

ney U testE ©]&3to] F45151 01, 3| F-3] zo]
= SPM2U9] t—test(p<0.001, uncorrected) & 4]
SLh Ha 840 A7le 25347 s9oH yolgt
FA 23] (intracranial volume, ©]3} ICV) <] 33ks
AT 223 $AlellA g guld Fajgl ¢l
7 ekl Aes EAEk] f1sko] simple regres-
sions AHE-SF T

Hh Sbal= 1865.98+148.25mL,
+125.73mLE F 2187 A
2 o5t Aol EOW FIHt=—0.965 ; p=0.345).
g HHpde] Hajr A Tty
T ZF gk &folzh GISivh(E WA, 781.28+
65.36mL vs. 739.00+50.05mL, t=—1.797, p=0.086
;WA 456.54+28.47ml vs. 454.32+35.25mL, t=
—0.164, p=0.871 ; A&, 628.15+67.53mL vs.
618.53+60.24mL, t=—0.367, p=0.717).
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Table 1. Demographic and clinical characteristics the subjects

Variables Control(N=14) PG(N=10) p*
Demographic data
Age (years) 25.29( 4.07) 28.30( 3.92) 0.08
Education (years) 14.14( 1.23) 14.90( 1.85) 0.22
1Q score 112.43(10.20) 111.80(11.89) 0.93
Clinical data
Age of onset (years) 26.20( 4.16) -
Duration of iliness (years) 2.14( 1.14) -
PG-YBOCS -
Total score 15.80( 7.90)
Obsession score 8.40( 3.86) -
Compulsion score 7.40( 4.17) -
SOGS 15.90( 1.73)

Data are given as mean(SD). * : Statistical significance test was done by Mann-Whitney U-test. PG : pathological
gambling, 1Q : intelligence quotient, PG-YBOCS : Yale-Brown Obsessive Compulsive Scale modified for patho-
logical gambling, SOGS : South Oaks Gambling Screen

Table 2. Gray matter changes in patients with pathological gambling compared with healthy controls

MNI coordinates

Regions L/R Z-value BA P
X y z
Decrease
Lingual gyrus R 20 —66 1 3.46 19 <0.001
Parahippocampal gyrus L -27 -57 0 3.45 30 <0.001
Increase
Superior frontal gyrus R 26 71 6 3.55 10 <0.001
Middle frontal gyrus L —24 65 25 3.51 10 <0.001
Inferior frontal gyrus R 51 6 18 3.49 44 <0.001
L —54 20 28 3.33 9 <0.001
Middle temporal gyrus L —58 -50 -3 3.25 21 0.001
Precuneus R 6 —82 41 3.33 7 <0.001
L =70 48 3.71 7 <0.001
Fusiform gyrus R 44 —47 -16 3.24 37 0.001
Midbrain L -3 -13 -13 3.35 <0.001

Clusters showing a spatial extent of at least 25 contiguous voxels, p<0.001, uncorrected, are reported. R : right,
L left

A% (precuneus), $3 Wo|F (fusiform gyrus) I #)2ke] A4 Bl iy 24813k HA =uk gxp
211 F= FY (midbrain) 9 3™z Fuj7l A tix 9] lifetime gambling activity S ®FJsH= SOGS H4
ol vlE oAl S7kE Tk b 95 & o] & Ty Felx g A Fujg)l okl A HAE B
(lingual gyrus)2 2= djvtdo|=(parahippocampal  %TH(at p<0.001, uncorrected, k>25) : #F HHF

gyrus) M= BA = Sl A 3wz Hulo] 744 o] [510 344, Z—-max=4.38, coordinate(x, y, z) =

7h #EE T —24,9, 571, 5 F3t AFolF[125 k4, Z—max=
3.42, coordinate (x, v, z) =—26, —10, 55], 5 34

4, O|UA HI|Q} QI AL AT B Fol3H1573 i}}\ Z—max=3.51, coordinate (x, v, 2)=
2 AFelM e T S5 FRjelA] 3] Rojel 35, 26, 0], = H7144 (25, 869 34, Z-
A W4=(SOGS A4, PG-YBOCS F A4, ¥ 1 max=3.44, coordinate (x, y, z)=—30, =73, 32 ; =,
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Fig. 1. Brain regions with significant differences in gray matter volume in pathological gambling group (N=14) com-
pared to healthy controls(N=10), superimposed on coronal slices of an average gray matter template
and highlighted in yellow color scale (increase) and blue color scale (decrease) (p<0.001, uncorrected for
multiple comparisons, k>25 voxels) (A). Note that significant increases of gray matter volume are identified
in the midbrain(B) and the right inferior frontal gyrus(C). The color scale shows t values for each significant

voxel.

1235 3}4, Z—max=4.51, coordinate (x, y, z) =20,
=70, 46], 183l $F Aol [insula, 1573 34, Z—
max=3.39, coordinate (x, y, z) =38, 12, 2] (I 2).
Hidel SOGS Hrsl &2 4 TAE Bl 992 ¢l
ATk A2 WA muke] =S Hiedsk= PG—YBOCS
& ArelMe A 3ol A IAE Hole 99

EREA] ekott. Wb AR} sjwF B Alole] &
4 AE B ] Y92 v A S 5
Z5Fo]3H4343 344, Z—max=4.79, coordinate (x,

4

1o o ol
Oij

y, 2=-43, 19, 29], %5 3kdFe|=#[9957 s, Z-
max=4.03, coordinate (x, y, z)=59, 33, 9], A5 u
o|#[anterior cingulate, 996 3}%, Z—max=5.17, co-
ordinate (x, y, z2)=—11, 35, 28], #5 sF+d%[843
3}, Z—max=4.48, coordinate (x, y, z) =—43, —46,
411, $=5 71 £%4[932 34, Z—max=4.00, coor-
dinate (x, v, 2)=14, =53, 42], 9= T3 FFolF
(#FZ, 1025 34, Z—max=3.68, coordinate (x, v, z) =
-39, =73, 2; $5, 2129 3}4, Z-max=4.3, coordi-
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Fig. 2. Significant correlations between gray matter volume and clinical variables in patients with pathological gam-
bling. A : Positive correlation between gray matter volume in the left superior frontal cortex and South Oaks
Gambling Screen (SOGS) score in the pathological gambling group (N=10). B : Negative correlation be-
tween gray matter volume in the left middle frontal cortex and age of onset in the pathological gambling
group (N= 10). Results are superimposed on an average gray matter template and shown at p<0.001 uncor-

rected and minimum cluster size of 25 voxels.

nate (x, y, z) =52, =75, —16), 181 5 do]H[506
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