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AEUAY FAHEAL FA7) AFHZ

2 T
2 2 5w 3 oe 7
FANSR AT ES - AAAGAE BFaTE A

A7E HUAYEE AFS Bole MM 7 B4 329 vAH 75 924 54
ol AL FHEHAT 53] BAFe g AT Aol TAshE BZ A ZFA(ventral striatum)
9} 714 B g9sle BUlE A A 53 dventromedial prefrontal cortex) S T4 02 ZA) 0]
2ok ol 9Ash AEUAY FAHE ko = 197 BHNE Uoka = 202 RO FA
R R GOl GEHAT. B3 MZAG} HhF DATILL seed FAOE HAHHOH,
o8 dY9 AAYG Aaste] HBAFE V5 ?“iﬁ“ AEZ 78t AA T Gl dis)

Mo riz
mlo

il

A 3 Rl AFS sk 1 AR BUS AT A 7e dAAdAM Y He Aol F
o] A & AEH 74A] Bt Bfste ZoE éﬂﬂl 3} 74 Y H(inferior parietal region)ll A1
AR AT, Atz Aol Hla) AEUAIY A o] 715 AFAe] aEo] At

= o

F712 JAHUAIY FAMEY BAZE e JIENdA EE A=A BeE dAF9E
(ventrolateral prefrontal cortex) k2] F3 715 dAA F7F Ag=
Aol thg ARAZ vX= AA FAY dAH FTF %5& B 7)AE AARETE ol2idt
Ade B 34 7 999 A SAY Fo 2™l ¥ T4 9 F49d39] 7]
s 924 Ade] AN HALE EAlol HFsHA = ’L7§-L7§| ZIAY 7FsdS AlAFET

r_‘; mlO
_&
ﬁ_l
rr
=)

Eal

FHo ¢ QA MAE, SUE MAFYE, S5 MEA, Ed 2|2, WY Jls oEy

F R ATE FFATAVS B veRaAsRe YRS AR ARG RE Aol +4

(NRF-2006-2005112).

ol

=R AR A8 WA 3T =R UNE EHel ATHHAL,

=
=
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st=dElEElA] s X W=

S99 Al 2El(dopamine system), 53] T
g ZHA  BAA 2B(mesocorticolimbic  reward
syseem)®] 715 Adte 5 oA Hily]
© 75 B4 9 5ol o BAHA F7¢
A7 B (natural reward)ol] T 571 A8}
EAF UHS FAo] ThFeltenstein & See,
2008; Kalivas & Volkow, 2014). 52| A 5
) F 2K (preoccupation), AW (craving), L/FA
g BAHG T 22 EAo] B A
Aol #Ast= T3 9 724 2 UE
Z Wslel AE" Zoz d#A rhKoob
& Le Moal, 2008; Wise, 1988). Q1EJUlAI A% ol
(internet gaming disorder, IGD)= HE3+ AlY
Ao E QIS thlEA,
Ao A EAAHQl ZA|(negative consequence)”t
AT Esta AY AHES 2Ede=

7

g oHes As

Fo}mo:

s, A4 5 9%

= AEE 3R, 2F 53 2L F59
A4 EAS T3 UTHGrant, Potenza,

Weinstein, & Gorelick, 2010; Koepp et al., 1998).
Atz o g F=o HAAAT A Hst
F5 F99 7w ol #dol sna
HA Aok tjaEzQl BAAAE A4 T8
3t Yo7 EB= MZEA|(ventral striatum, VS)
2 BY=  AAFI)H(ventromedial prefrontal
cortex, vimPFO)S £ & Ut} vs&= B A=
o] dZo] A3 (Schulez, 1997), B A
o] wk&-ste] A3t =71E HATH(Knutson,
Adams, Fong, & Hommer, 2001). U3 A4 F
3] A(medial orbitofrontal cortex, medial OFC)&
T3 ympRCE A 7HXE REdsla &

AA PFE sk o dAITL dHA

rr

.

l:l:l

ATHGrabenhorst & Rolls, 2011). UEIUIA Y%
NE 71 JIRlE tide s HAAAE T F
M S5s AR ol HIY A= QE
Aol A i BAdAE] F99 7154
Aglo] Q&S HYFa AThDong, Hu, &
Lin, 2013; Dong, Huang, & Du, 2011; Hahn et
al, 2014; Kim, 2016). & E°f, 2AAA
IRIE AREARA 513 BAAS dS5se
Bt AzxA g4 727 RuE A Hahn et
al, 2014), 7IEAIY % e S B
gk kAT T §Rgo] ARl
B3l S71E AIHDong et al, 2011)7F RE
vh Qth 7 B 3R] 753 A ol¢]
NE JENALZNE HD MQAA AzA)|
(Cai et al, 2015)% WS AAFado 304
B3 9 FA ZrA(Hong et al, 2013; Wang et
al., 2015; Yuan et al., 2011) & 92 E3A A
SKLin et al., 2012; Weng et al, 2013)% &=
ATt ol TN BA Alxgle] F2H A

o] AEPAINAZ ol 711 7Fs = HERA

F

Az 350 B A4HYSE Az B
4, 57, BAA $4, A4 BAE BPets
) S Z Tt Adg Aol AET

S THBaler & Volkow, 2006; Koob & Volkow,
2010; Ma et al., 2010; Sutherland, McHugh,
Pariyadath, & Stein, 2012). T4 Y EY I
Age dsks 7IHeR, oF Aoy
Al oF A FFol (e FALH
(resting-state) &S+ SAHE T ALz &
fluctuation)®] FHAA

He FA4H 7%

& (spontaneous & (temporal

.o
correlation) = AZAA

(resting-state functional connectivity)o] ga ARg
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5| - 4ex / CHUAY DALE

HThBiswal, Zerrin Yetkin, Haughton, & Hyde,
1995; Van Den Heuvel & Hulshoff Pol, 2010). ©]
d AFHe YA A oﬂ@’%’(intrinsic connectivity)
< B T dte Ae

o] E o]t HE= AREE AL ATKDing et al,
2013; Li et al., 2014; Wang et al., 2015; Yuan
et al., 2016; Zhang et al., 2016). ATEAAILA
ool Al FAAE JE AZAH EAES AuE
Ao A8 A7l o8k vt 22 54
5ol RuHa Stk F¥HA BAA 2~H o
3t B=9 7] 9 H(ventral tegmental area)
M(nucleus accumbens) 1+ 715 AZAA #
7h wgteon, A" Ve A2 A=Y
Aldel a3 2%} #do] AAUTHZhang et
al, 2015). 9, £3 ZUEY, FA 247
3}3k2] Zﬂ(top down control)ol] =873k
g9 A= Ho5 HAdFo4d
(dorsolateral prefrontal cortex, DLPFC), F3] &
A o)/ A (anterior cingulate
cortex, ACC) 5% XF3 AATA UESA
s 924 2%

Aol gldl AHUAY

d

Hl O

L
Erlo

%)
skl

J

(parietal cortex),

(cognitive control network)®] 7]
5 BAESAKDong, Lin,
Kithn & Gallinat, 2015; Yuan et al., 2016). 53]
oldl AT oz} MzA 7+l AAA o] =9
Ha e, Jin 5001609 ATE FHAFY
o3t w4 (caudate nucleus), FFTH(pallidum)
5o HHdat 4o o] 7w Aol ofslet
o AS B ol AEUFE S/l AT
ARdes O AEA ARt

& Potenza, 2015;

EN
[¢)
SobgE B
T
-

AT JAEUALAANE Hol= HadoA
o= ool Histe D]dst Y97 AT Al
slol Sjgais Qo gk BUsAE S B2
A A X 3 (Hong et al., 2013)%F A3 o

Gallinat, 2015). ©]¢]o= <l
AN e B45E EO]”% AR A
< HlEAd SHdeactivation)’} YEHU= AES &
Aog 3= 7|BAE Y ES Jdefault mode
network, DMN)Gusnard, Akbudak, Shulman, &
Raichle, 200D)° %= F&E P|A= Xttt
UIAD ] Hetell Al DMN B9 zHe] FA4%4
g 7% 94 F=rt X‘]E‘]-Qﬂ\/}(Ding et al,

2013), 4AIFA FQF 2318 DMNE &40
AA = A Zsta HIAGAQD BEE Z7HWang
et al, 20167} HiH7| = sl

APATFe] AHso] BT A= AAH
F59) A 542 olaale ul o) 54

7o Y99 nAGA Wslel tiEo] T U

83 7ke] Wl == AES dolrR:= A9
T840l ZFxHE FAOIthMa et al, 2010).
B ATE AHWAY F50 54 A B

= O
7Fede ;‘:’J’S}EJP FHHJY. 53 T=
3} #dsto] 7_*1:‘% R ‘2}0”% 3H%‘f HES

ol AS3] Al seed
718 T 7% A8 M (seed-based
resting state functional connectivity analysis) S ©]

gate] B B F oseed FHI THE Y
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B Al2I8HEIR| : QUK U ME

e 7 AA% Art JAEUAY A

HAdellA Aoz Jdd Aoyt AeAE

dotrgitt ojd 7

gl 7 S 7w
< HoleAE Tt

AGZNE B AJAAN BZE B A

BAe] £4€ & 9 Zol odF F e
Zelt.

A7
IR B ATl ASE HE FAE 9

0
d AEe JEUAY A A 188 =
222, SD = 20, internet game over-user: 10 7
Sy gz Jd 20MM = 212, SD =
2‘%)231?—3 =5
At e B LEEFew A
A7 o] gl Aot A Y
< 27 AHe| st Ay~ g9 pc W X
2H, SAIE BHFIE B3 o] FAXTh
Aesta Al e 5 Al
] BE B AAG GAIE HEsto
AEZAb SEHT EAS R 12} oH
Hehs sttt o) Sl
9 73 T AY ARl T
7HkE sk 93 Ao E < Hﬂl‘ﬂ%
5 A S(@ee & Ahn, 200202 UEU AL
ANZro| #3 AR Foz FAHY Utk A
o EHE Vi F AEHUAYNSTS
9] &9l 20%677)°ll S A ol
et o IEUle] F ARE-EE7F Al
THES oH] 10 oz AAYT on]
ARE 7SS SR Kim, Lee®t Oh

2.1, normal control: NC

Lo

b M
to X

o

T

2003)ll ]3] MU Young®] JEY 5
S(Internet  Addiction Test, IAT)(Young, 1998)%
At AALR AAEEATE IATH == JIEY
T5Y AHHEZA FAFoE “El AR5
I Ae Aotk gEA, 5
Ay aga WA e9ls 23E
203K (Cronbach’s a
=091)(Kim et al, 200322 TAE o] It}
IATHENA 5 AFAE E75e 50
Z|[Eo 2 HFAR! 10 T AE AA
SFFTHIO T M = 62.8, SD = 10.3; NC F

M = 297, SD = 59). 24, 10 H
PJrOﬂ/H dH o= 01“15? 2

o[N
>

rlr o

EEE

STEIY

A AR A

U Y AYE A A e WHAE
AREAY. B ATe Addidta s
A3l FAKWNUIRB-2015-02-006-003)=
Higtom BE F7iabe #Al 716k MRI 2
Aol AASHAl 2 FAEH AV eHEId &
Foll oIk 583 Hatel] sl T AHES
2 3 AR Fosth

: TR = 2000ms, TE
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i

30ms, flip angle = 90°, field of view = 240
x240 mm’, 36 slices, descending sequential, 254
volumes, matrix size = 80x80, voxel size =
3.0x3.0x3.0mm’. FAGH G FATEAEC]
HEA e A e AT s
254 7 B ASHG, TAAE F2H

’$2 Tl-weighted 3D fast-field echo sequences

Agste] FE5FHTE TR = 1900ms, TE =
2.52ms, flip angle = 9° field of view = 256 x
256 mm’, matrix size = 256x256x192, voxel size
= 1.0x1.0x1.0mm’.

A 94 24 % FAE CONN 75
AAA  EHF(CONN  functional
toolbox, v16)(Whitfield-Gabrieli & Nieto-Castanon,
20125 ARESE] o] RolFn 2 2] g5
& G B dES glolr] st A
= BANA AAG F 2508 ¥

T B4 AREEATE G AAE
AL My Y EA(realign), =W W &
5 AIZE Aol B A (slice-timing), 378 ¥/}

3 7r3}

r 9]
715 B A Rcoregistration), FF FH%
(normalization to Montreal Neurological Institute

connectivity

ol of

152-brain template), &%+ 3H3Ksmoothing, full
width at half maximum = 6mm)%] o2 Al
HAutk dAe] FHol B FAE Bl
sl ot 2 F7F 4L shnh "A,
AAE Al S (time series signal)Oﬂ/‘i Ay FA7}1
A Alinear detrending) =™, 2 534
At g5 93t As FeS AASL
2+ 0.01~0.08 Hzol Bigk Azt FE|Fo] A&
Huok wHy Yol AEfsta el 9
e e AZE BAS] 98 &2 BA

o H5% 249 seeie e} 0,

Haelo]l BOLD 1w oisf F484- 7%k
Folz ®A 7@
correction method)(Behzadi, Restom, Liau, & Liu,
2007)= 283t F2H ASE HFA Wl
o7 AATAY. o] Haks kolz HAY 7]
Hel AA ] A& 3] F(global signal regression)
o 93 QAFErtifac)ZA AAAE HY
AAAe FA B Al(negative
correlation, = anti-correlation)”} 2FEH = A
<= FA] Sfs 2y AgEHE W E]
TK(Chai, Castaién, Ongiir, & Whitfield-Gabrieli,
2012).

FARE 71 d2A 4o AHEE seed
P F DAY HAE Mgt g5H3
th. WA, vs¢t vmPFCY| 12} mirdE 47

=

AR Gy L J)E BE I HES 0§

component-based  noise

t 7%

slo] 5319 VSE  WFU-PickAdas(human-
atlas TD Brodmann's areas +) oAl A|&3sl=
") A ™ B (caudate head)?} Harvard - Oxford
subcortical structural atlasOl|A] A Fdh= &3O
2 TAFATHk = 615, volumes = 4920 mm?’).
vmPFCE 7FA] H7} 753 #Ed 8199
=Te MEEAS A7 Clithero & Rangel,
2014)2] FFEMNI coordinate x, y, z = -2, 40,
45 o] E3FAT). Marsbar toolbox(Brett, Anton,
Valabregue, & Poline, 2002) ©]&3&to] s
#HRE Ve R A AU vk2Abox
mask, x = 20, y = 10, z = 10mm, k = 275,
2200 mm)E FS5GTE B AT
52 B A #HAst= vmPECY vse
7% AZAA o 2EE Fa Q. o
Aall sEE AT JEES tFeE & A
ZI9E MR 97HKim, 20165 A3t HA}

volumes
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r=yEleElR] X H =

A F< vmPFCS} VSolA EAdstEE T

d9e A7t Jqo| 2z} wpaaE jol A&
SRt 7L vk Hogel wet AlF
He A ve JRE o]fste] <yt
Wk A ME W] ATAL Sk 3
£ SplE FUsE B T g4 953
S g A T g wa Hsu),
244 43 eshur A wcue, 2
A% 953t el felapl o 2 B4
g ol 9e(dn F=y > A sy
4] G2, uncorrected p < 00122 25}

oh 1A} pR2A9} MR ATRolA ES5E tiv]
Gl SHE = GolA(dustenES VS seed
FHk = 384, volumes = 3072mm’)¥} vmPFC
seed Gk = 260, volumes = 2080mm’)>.Z
k7t A8kt

HE seed 992 AAHYAA S £
k50l HEE 0] seed FY 7IH -?:_ré]@"EH 7]
s 924 4 AHEEHAT BE X
3l seed BH 7s AEAH IS
7l 9% 12k JR/IEAo] o] FojH
o] AAYE AEE seed FYES T4

P20 BEgE olgste] AS5HIU

Norlr &
i
I

o
N
N

7}
A7 :éltﬂaok(temporal covariance) <

o
P
o

P . .
“(correlation coefficient,

r value)E FAHEATE o)le V5o E AR

™ol e T+ AL 99 e A

T whgo] ARbFo® =2 AABAE o

T AE Aolghs Ve wEeR dh
A

BE WhAe 7 AEA 93 48

o
T
¢ value)y e ATEEZE Q5 I ;. HE

VS seed®} vmPFC seed AZAA FAo] o

242 ol RofFT. SA AFel frold ad
T B dErluAdSeR JIF 1% &

Z71E BASY) 9 Fula 4o folE
TEp < 00)FF Folh ARk > 1495
Hg3 7)Ee AeasT Hole 5ol §
Al ZAZ(cluster-level corrected p < 050l AH8=
gola 7)== AFNI program 3dClustSim(voxel
p-value = 0.001, number of voxels in mask =
262,958, fwhmxyz = 10.5, 10.7, 10.5)2] ZH7}
E2 AlEY o] AMonte Carlo simulation)S ©]&
atol 100009 WHES AX FAEHAG F7}
2 7 seed 99H FAVG 7157 AEAS
Holz Ty FI=dd g AAl 7+ A=
(map)s AHESH] flste] 7 ez dds
=2 t%".?(one—sample t-test)= }‘e]/\lé‘}ﬁWFigure
1B-C, and Supplementary Table 1). T seed G
of Fat mugdsaAA Fo3 7Is AAA A
o Holx T3 dYol disf AAALR

of A=IAT HE Mot AHUAY AREA

e HEPS Goprgith la Sk

vmPFCY 7]%

H(inferior parietal
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i

Table 1. Brain regions showing higher connectivity with two seed regions in NC group
compared with 1O group

MNI coordinate

Seed Region RIL/M  BA
X y z t value k
vmPFC (FW & AAF13)
inferior parietal region (3} FA YY) R 22 58 -48 18 4.54 186
40 -50 10 3.88
ventrial striatum (5= A1 ZA))
vIPFC (B5]5 H3-77E) L 46 56 10 14 496 67"
cluster-level corrected p < .05, Italic = " uncorrected p < .001. k = number of voxels, vmPFC: ventromedial

prefrontal cortex, vIPFC: ventrolateral prefrontal cortex.

A)

&

Seed region

R w &

Connectivity strength
between ymPFC and IPL
Solaah

inferior parietal region

B) 10 group C) NC group

cluster-level correctedp < .05

Figure 1. (A) Inferior parietal region showed significantly reduced rs-functional
connectivity with vmPFC in 10 group relative to NC. Resting state functional
connectivity map for IO group (B) and NC group (C). Warm colors represent brain
regions showing positive functional connectivity, while cool colors indicate negative
functional connectivity.
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st=dElEElA] s X W=

region)°l| A ThF Hlal Fo| = {ow|3k 77]9
Fol4ZA e A7t FAHAT, cluster-
level corrected p < .05. <, 10 F=e] vmPFCS}
st FAIS ke AFAAo] NC F el Hla)
FJ3HAl S UTHTable 1, Figure 1A). vmPFCOl
A b gdYsE gdS Al ostd

< ymPFCO} Fom|& 7153 d24
T8 Hols 3 FHYY(Figure 1B, BA 22,
MNI x y z = 50, -52, 22, T = 5.3, k = 457,
volume = 3656mm’)2] =77} tieks] A2 o
2 gle 9, NC JdelAe s 7899

o)

i=]
10 Ao

o

(Figure 1C, BA 22, MNI x y z = 54, 50, 18, T
= 1044)9 @old F77F FHATK = 2535,
AANTH

volume = 20280mm)S & F

(Supplementary Table 1).

vIPEC, BA 44/6, MNI x y z = -56, 10, 14, T
= 496, k = 6N°lA FJ3 S Zpol7h A
ATt vmPEC-3F FAHYEY 2 VSvIPFCE]
A A=t JIHUAIY B SAA 119
L Y 2 dEA8 A

= IATAHE Hsh dEUAY ARSAIRER
)

B aTN mgxY BE R 9l
vmPECTH VSE FAOE SIEMAY HAE

Hbo] tizydd3d & WAZ 7 944
< Hole e AYE Az JIEJAY #
ARE Foll A ymPFCH 3F FAY 1o A
7% QA4 ATt HAEHIY ol ¥
7% 9A48 AT AEUAID Al 9
AFMAE A8 7Heds s Erol
kA, vmPFC7} YREHOE AAAE THAE
Ty dYEe FJuEz AnE BEXo o3}
H(Supplementary Table 1), 3} F8YYH] HE
o] = gy, S5 Q(temporal cortex) o
o] ZFHo IY5e & F UMk ol Y
S DMNO| &3k FYO Z(Fox & Raichle,
2007; Greicius, Krasnow, Reiss, & Menon, 2003),
DMN ¥ 7to] 444 Zi4e =2FT50Ma
ec al, 2010001} JENAILAN(Ding et al,
20135 2t WEF ZAE 7 el
Al &3 BaE+e d4dolth o] DMN F
53] vmPFC7} 8t FHIGHE] Js dEA
o ZAE Bt HE FHdoF & 7]
=3

vmPFCE THE 73 A|2=’l#e] Jaag-&
Bl O3 FR/Y 7HA B #e3itar
4 A
Clithero & Rangel, 2014). vmPFC®} 3} FAE A
e 7% dAA AstE Hole 10 FJE
EAL 3t FAEYY dEd F A 7ls,
Z 7o 9 A FA 715H AEA 7HAH
7} 71l Z1xste siME = ok AR
st FAGHo] Aol tF FoE A&
d] #3}H(Corbetta & Shulman, 2002), A
FA|(Buschman & Miller, 2007)° %l FQ.3
qgs #@stal ok R FYolEhs

Mol 2AT Aol FHYLY T2

QI THBartra, McGuire, & Kable, 2013;

Ly
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71ed Ay 9% dde] Sle dee=w

Fog Ay 9 Y85 H N (atention  deficit

and hyperactivity disorder; ADHD)E & & U
H)(Carmona et al., 2005; Cubillo, Smith,
Taylor, & Rubia, 2012), ADHD+ UEYA L%+
oA 2 FHES Hole A3 T shiol
THYoo et al, 2004). FF3h= © oE2°] A
A BFofg el AEUAIGA ol A 7
WHEHA RaE+ 59 2 (Yen, Ko, Yen, Chen,
& Chen, 2009), °l&3 Fo¥ ZF A7t
vmPFCS} 3F FAHYY A48 A Aol
Ae 7HeAE AT A= 3 FAHYY
o] A3 W AEAE 7y wEe] ok
dF 5o BAdES tEoE 3 AFA
vmPFCS} 3t FAHYHS 75 A2 A=
© ABA B tigk 7S =4 Brlkeke
Ao}l BH 3 (Smith, Clithero, Boltuck, &
Huettel, 2014), ARG EFQIS 913 374
Aee sk 59 1 A=7F AskA vEhdt

Halari,

¢
¢

= 7d%K(Janowski, Camerer, & Rangel, 2013)°]
AJT. FHLYG 7lss BFANATIAS
(transcranial magnetic stimulation) &2 3| 5}H4,
A3 BRRIE FE8te HA o &4
YEHH A THUddin, Zaidel, &
Tacoboni, 2006). ©]+= SCIE|UIAIYA ) E Ho|=
MelSo] e Ag) A wizbd 713 Agks B

Molnar-Szakacs,

Qlth+= M Ii(Tsukamoto et al., 20062} F&HO]
de & AT F, dHUAIYEANE Hol=
A]— =8 VmpFCg]. 6‘]— l:rx-lOdOﬂg] o:]g/ﬂ 7r
2% AEA BA wgEA LAY Z7A
Nejol A BY b5l ek 2ol

del ¥ 74 ME, 7o AP mE A

d

.—ﬂ

il

f
o
_)&
AU
iy
ﬂ
rlo
o
=
rir
PR
o
o

y
v

s
N,
3
fo
iih)
_E
it

i
fo
ok
i<}
fo
ﬁ&
%0,
o
e
rO

- P et %7417&%01]/‘ = skl ¢
Aoy Fah 5o B2 FAA VEs 4
£33 o vipFColl A A AT Hd vs
9] 75 AAA EAS AuEd Ne Hdel
Ae 7 39 T Fovg dZFAol A
WA 10 Heke] 739 vsek vIPFC 1Fe] frefH]
& 74 7]% AAAol FIFUT ol B

VSQ]- vIPEC 7t Fe z}o]
£ vse} vipFCe] £

7% °d7é %7}011 719 AYs HolEnh
e R Al 2y g ded
54 ge o) A Juad) 23E 43
= o Forh Basit a5k 9y A
Helshel g kAol AlskE vt
A2 H(Murphy, Birn, Handwerker, Jones, &

Bandettini, 2009), L &4l #3F =27} o
A3 Y] Q7] wfEo]thMurphy & Fox,
2016). sHAIEE o APATolA FY 119
2 7s 9A4el MR & dA Jse
g3ste UEYA 7+ E-2(segregation)(Fair
2007) EE A 45 A -B(inhibitory
interaction)(Greicius et al., ElaskiasR

Q1A 7] (Hampson, Driesen, Roth, Gore, &

et al.,

2003)=

Constable, 2010; Keller et al, 2015)% % HHS
A s 9ee mol 9o 1 3 %
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Aa4el FH 7wl s2% ARE AlES)

= AU Eath dEAYE N
& Oge=s isgod:rLOin et al., 2016; Wen
& Hsich, 2016)NAE &£ A7 A7 FAS
A37r 2ad vk glo] 10 é]u}gl z78 5

il

]
HoFE odE S0, AFA
Z YHES(ACC-putamen, OFC-caudate, DLPFC-
pallidum)ﬂ'-/] 7% A2 AE7F JAEAAY
=5 AL A met wobxlsd, JEA
PEZol A% Agdes 99 U 24
o] 23| H4 7|5 dZAo| AeiAs FF
S 2 Yehdtts FA(Jin et al, 2016)°] Hil
HAoh
vIPFCE  E¥ete 8 AT A(inferior
< 94 2 A7l ZUH
H(self-monitoring)°ll TA3E FHo 2 LA
Q) THAron, Robbins, & Poldrack, 2004; Swick,
Ashley, & Turken, 2008). L&A ThF3k Q1A
A FA AHAAD R NS H THdE0]
el vsiA & dFudel Hagst
(hyperactivation) & Ho|&= Zlo] o9 AL
A AFree YFH A¥Fes B
(cornperlsation)g]'%f Aoz M
7]1% ¥ThDong, DeVito, Du, & Cui, 2012;
Dong, Hu, Lin, & Lu, 2013). IAFA F2] F
H g 7Y dFEAdS AEE old AT
(Lorenz et al, 2013)°1A4 AlY TH ©GAHE B
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Impaired resting-state functional connectivity of

frontostriatal regions in internet game over-user

Jinhee Kim"? Eunjoo Kang”

YDepartment of Psychology, Kangwon National University
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The aim of this research was to examine the intrinsic functional connectivity of the brain reward system
in individuals at risk for Internet Gaming Disorder (IGD). Here we focus on the ventral striatum (VS)
and ventromedial prefrontal cortex (vinPFC), the key brain regions for reward hedonic processing and
evaluation, respectively. Resting state functional magnetic resonance imaging was acquired from 18 young
male participants with Internet-game overuse (IO) and 20 comparable normal subjects (NCs) to compare
the intrinsic connectivities of the VS and vmPFC as the two seed regions. The group comparison was
made between the functional connectivity maps of these two groups, where resting-state functional
connectivity was examined using correlation analysis on the signal fluctuations of each voxel and that of a
seed region. The results indicate that the vmPFC functional connectivity of the IO group was reduced
relative to the NC group in the inferior parietal region, which is known for attention control and social
evaluation. In addition, the IO groups exhibited increased negative functional connectivity between the VS
and the ventrolateral prefrontal cortex, suggesting a compensatory mechanism via an inhibitory influence of
cognitive executive function on the reward system. These observations suggest that impaired functional
connectivity between reward processing regions and cognitive control regions in the frontal and parietal

areas is a neurological risk factor for IGD.
Key words : internet game over-user, vmPFC, ventral striatum, reward system, intrinsic functional connectivity
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Supplementary Table 1. Functional connectivity of vmPFC and VS for each group

1O group NC group
MNI MNI
Seed Region RL/M BA t t
coordinate k coordinate k
value ———  value
X y z X y z

vmPFC

Positive connectivity

vmPFC/ACC M -2 40 -4 25.64 28077 -2 40 -4 27.42 45234
superior temporal gyrus R 42 42 -16 0 6.74 890
mddle temporal gyrus L 21 -56 -2 -20 6.10 1082
inferior parietal region R 22 50 -52 22 5.30 457 54 -50 18 10.44 2535
L 22 -52 -66 34 7.17 874 48 -70 38 9.08 2927
cerebellum(IX) M - -10 -56 -34 5.19 417 8 -48 -42 7.36 670
cerebellum(Vlla Crus2) L - =52 56 44 7.33 2997
R - 20 -84 -38 5.33 301
cerebellum(Vlla Crus1) R - 52 -58 -38 4.50 175 50 -48 -46 5.63 289
Negative connectivity
supramarginal gyrus L 2 -S54 32 34 529 148" -58 32 30 839 511
L 2 -34 42 36 5.53 513
R 2 38 0 32 448 254 58 14 6 6.06 510
R 2 64 -24 36 5.79 729
inferior opercular gyrus L 48 -48 10 16 6.16 936 -46 10 16 601 681
ventral striatum
Positive connectivity
ventral striatum M - -10 16 -2 2541 14861 -10 16 -2 26.16 20735
brain stem M - -4 34 -18 6.02 1370
posterior cingulate cortex M 23 -6 -22 28 6.66 1568
cerebellum (crusl) R - 38 -56 -44 7.82 5241 18 -78 -28 591 1577
angular gyrus L 39 48 62 48 5.84 964 44 76 42 572 661
R 7 38 -68 56 7.19 1160
posterior insula R 48 48 -16 8 493 288
precentral gyrus L 6 -30 12 68 5.10 272 -32 -4 70 445 167
Negative connectivity
n.s
ventrolateral prefrontalcortex L 6 -58 10 14 7.25 158
supramarginal gyrus L 48 -54 -28 30 5.19 300

R 48 44 -24 32 4.62 356

cluster-level corrected p < .05, Italic = " uncorrecred p < .001
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