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ABSTRACT

Objective: In this study, we used resting-state fMRI data to map differences in functional connectivity between
a comprehensive set of 8 distinct cortical and subcortical brain regions in healthy controls and Internet addicts.
We also investigated the relationship between resting state connectivity strength and the level of psycho-

pathology (ex. score of internet addiction scale and score of Barratt impulsiveness scale).

Background: There is a lot of evidence of relationshop between Internet Addiction and impaired inhibitory
control. Clinical evidence suggests that Internet addicts have a high level of impulsivity as measured by

behavioral task of response inhibition and a self report questionnaire.

Method: 15 Internet addicts and 15 demographically similar non-addicts participated in the current rs fMRI
experiment. For the connectivity analysis, regions of interests (ROls) were defined based on previous studies of
addictions. Functional connectivity assessment for each subject was obtained by correlating time-series across
the ROIs, resulting in 8x8 matrixs for each subject. Within-group functional connectivity patterns were ob-
served by entering the z maps of the ROIs of each subject into second-level one sample ¢test. Two sample ¢

test was also performed to examine between group differences.

Results: Between group analysis revealed that the connectivity in between the orbito frontal cortex and
inferior parietal cortex, between orbito frontal cortex and putamen, between the orbito frontal cortex and
anterior cingulate cortex, between the insula and anterior cingulate cortex, and between amydgala and insula
were significantly stronger in control group than in the Internet addicts, while the connectivity in between the
orbito frontal cortex and insula showed stronger negative correlation in the Internet addicts relative to control
group (p < 0.001, uncorrected). No significant relationship between functional connectivity strength and

current degree of Internet addiction and degree of impulsitivy was seen.

Conclusion: This study found that Internet addicts had declined connectivity strength in the orbitofrontal
cortex (OFC) and other regions (e.g., ACC, IPC, and insula) during resting-state. It may reflect deficits in the

OFC function to process information from different area in the corticostriatal reward network.
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Application: The results might help to develop theoretical modeling of Internet Addiction for Internet Ad-

diction discrimination.
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1. Introduction

PIHY S=0[2t XLHE FEE QHUE ARESHALE 55t QI Ul Mﬂ% ZHESIALE SHISHA| X510,
HelH, ARH, 2RHoz 0| Ydste AS 20[etCHYoung, 1998). &

Loz Qo QHU S=X| =7t HMAXSE S43] 575t 91% = OfL[2} CIHU A= Qlot
Aeld, AME, Me[d Z2HEEE Qlet maivr ds] o w2t QIHWA S=0f et 2o =O0X|1
MEf(Kim et al, 2010; Shaw and Black, 2008; Dong et al, 2011).

SHX|ZE Ol2fet QIHU B=9| dZdo= =75t QU =0 2ot JEL g7is o
HEO|NY, HEHQl SAH7F 253 5ol HAFO =M FITH Lf2{0F st=7t0f 2tet =2to] Y UCH
DSM-V(APA, 2013)0A QIHY S=Z QIHU A AE Fojz=A FHstn UX|TH HS H
ZOZL} TIEH 7|F0f 25 2o|F2 O|FOfX|X| @t ULt efLfstH QIHYU S=2 &

U7| MHZ0|CHAboujaoude et al, 2006). QIEY F=2 AR 5
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Cao et al(2007)2 Go-No taskit At7| HAl MEX| (BIS-2 scale)S O|E2310] QEUl FEXS0| &2
&30 AN =H S0 20| JUSS UASIRULCE £ Al B M| (event-related potential, ERP)2}
Go-No task& 0|83t0] 2EHU S=Ate| s HET AFOME QAHU S=X7H SHE T HISK
Moz FHE NeoHK| R, s3x2F Ao 2 YR CHDong et al, 2010). EE3H X7
AAE K| (functional magnetic resonance imaging, fMRI)2} color-word stroop IHA|E 0|83t AN =
U ZS5A7F Z0lof Hish Bt AN M2l 30| oKX= AR LIENSCHDong et al, 2012). O|E %
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HHHe = k(o 7|&H &0 &40 JUCHH, Ol Xt=0| MA| Z|X| QR
EfQ| i|01|A1E 715X O|40| En&|0{oF & Zio|Ct.
2 2AF X=0[L £ ool =& o] JX|7| HEjo| /U= & 7I&2 o5t A7t O|FO{X|1
UCE QIZHO| k|= TA| MEQ| 2%0f XILIX| 4X[2H HA| O4X|Q] 20%S _+_E3._H1H'_ 224X UACKShulman,
2004) ETF Z|O|M ARl OHX| & 60-80%2| OLHX|ZF SX|7|0f AMEED RUACID 22 U2, QX
e B0 227t StEl= CHAFREO| |X[710] ARESH= O|HX|Q] 0.5%01A 1%D0[THAS Z4erstel EH
SX|7| oEfol =|of CHet O|si7t ZRSICI & 4= QUCHRaichle and Mintun, 2006).
]X7| HEfe] 7|&X HEE2 Cidet & YoM MBSt X 72 FHE= | 2SEo| AlZHA
HZM(temporal connectivity)2 2|0|SHH, fmri 0|A= FX|7| AE{0] AHLUHOZ HO|& S FOb(<0.1 H)
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XZIt BOLD signal 2 =| LM 2EXM o= EMst= MAN 252 BHgsts AR x| e,
[ AME MR 2 X (synaptic activity)2t T=&=7| ™ 2|(dendritic potential) it 2HEE[0f RJCHD HNE| JUCH
O|EX k[ JX|7| HEHQ| O[si7t STz =8t OFRIIK| QUHUW S=XES| FX|7| HEHO|AQ
718X Aol Chel 2nE A= Aol giCh M2t 2 AF0Me Xp7| SBIYEKE AHESHY 2IHUl
o
?

SIS BA7| JEIQ o s HEEe ZYs oAt SCL F A= HMA| [Hie

MAATO| ZAuet 2 QU S=AE0| JX|7| dEfOME L[| 75X =40 EY QK| E Lk[of
7™ AgS H0|= g9o| S4 X =FEt AHE K| HAQIX|E [ HS XL SHRICE
2. Method

2.1 Participants

1582 QIR = 2led E (HE, EBadUOol= 2220, #FEA= 307)2 1532 YU tistn stds
(548, ot LIl pcd A

S
EILIO|= 2247, EEEX}t= 2,53)0] fMRI AE0| HOSIAUCE 2+l AHA|TD
HEAO] AAEES Sl 29 AAZIE QEU FEO0[2tn M2 FE|i =
o2 ME7tetel IHFRE Sl 14+ MES SHQICE 2|1 MR A0 Fog 2T A Oﬂfe #Y
7] lo 1xt MEE 25HE CHYO 2 h=0{2 M/l Internet Addiction Scale (IAS) (Young, 1998; Kim,
2000)2f K MEet=ad QIEY 5= X7t RITHAEE, Korea Agency for Digital Opportunity and Promotion, 2002).
Lee et al.2001)2| AN THZH |ASO| LA UX|Z(Cronbach's o coefficient)y= 09 ZiC} 1AS= QIE{Hl
=9 He[HQl ARE( ZEE AL, Sl A, ME Hal QIEUl AREO0| e OXl= Fgho
Oigt A7) B0 M2 & 20822 E[0QUCE 2t 222 58 ME(dE: 8 %X @it ~ 53 0%
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O| &2l AHEE 9IHY S=T(M=70.80, SD= 10312 275t 398 0|50 AtE2 HAH HRIEITHM= 28.60,

SD= 73522 2F3IALCHP< 0.001).
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2.2 Functional MRI Image Acquisition

fMRI 2E2 7H0|AE0Q| = MRI scanner (ISOL Forte 3.0T) S AFESIRALE fMRI AtZ2E T2*-weighted gradient
echo-planar imaging(EPI) sequenceE AMESIRALE Parameter =712 TR/TE 3000/40ms, Flip Angle 80°, FOV
(field of view) 240mx24cm, Matrix Size 64x64 mm, Slice thickness 4mm without gap, 35 slices@C}. HA=
dummy Z3HSH0] 369 SOt LR, A2 dummyS 9XE MGt 120 volumesE ARUCH FX|7|
HEfS| L& HFESH| 5t mAXIA = | Feh HAE St= sQ Hebs| &8 42 HEjolM EoHE

H| @20, +=8S FotALE EX| HES X|AISHRACE

-
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2.3 Analysis- Psychological data

T 2t 59 2| XHO|E YOt 7| 2|8 SPSS 18.0 (Statistical Package for the Social Science, release 15.0,

SPSS, Inc,Chicago IE 0|&5t0] =EITE t-testE AA[SIRALCE
2.4 Analysis- Functional Connectivity of MRI data

Chel SXI7] SEfC| 715X FZ2 G0 &t 249 =A== I8 11t 2Lt

——
Slice timing
4
Motion correction Preprocessing of
8 == functional MRI data
Co-registration & Nomalization - SPM 8 Software
g
Smoothing (8mm FWHM)
‘., ——
Linear detrend & Temporal filtering ™ )
3 Preprocessing for
Regressing out nuisance variables functional connectivity of
3 MRI data
ROI region definition : CONN Software
‘ —
ROI wise functional connectivity =
2 Functional connectivity
Fisher’s z transformation == analysis
A 4 : CONN Software
Group Analysis o3

Figure 1. The flow chart of resting-state functional connectivity analysis

fMRI Xt=2& SPM8  (http://wwwfil.ion.ucl.ac.uk/spm/software/spm8)df CONN  (http://www.nitrc.org/projects/
conn)2 O0|238}10] BM3IRALE 3-D rigid body registrationS 0| 2310] THXIS| 02| SEYUS 2% =, HE|
B IPYHoIM 2MBHE Z(x, y, z%)9| translationDt rotation2] MEE FOIGUCL FABIE A M=

o
sliceZto| AIZFXLE slice timingdF8S Aot 2ot =, 2t 7)219f | HEHH Xj0|§ wgstr| <oto]



SPMOIA | ZEl template image(Montreal Neurologic Institute: MNI)E O|8310] EESIE | S7tOZ QK|
A2l (Normalization)otd] 2t mXte| 7|8H X7| SBEHE HESE ZHAZ FLSIRUCL 0|2 8mm
(FWHM)2| Isotrophic Gaussian Kernel2 AME5IY S7H8 HBRGIY %|F o= YACE £ 7|5H
M-S SIHHOZ BFES| A7l F, AZHE EFSH(temporal normalization)S A|&isto], ZE THXO| 22

QIX|o] B ff 29| O3 LX|Z(voxel by voxel correspondence)S 2 ALY,
SPM8S O[83%10] fMRI Fde| ZTME| 1Pd(pre-processing)0| 2Ht T, RTX|Z
Zdd(connectivity) =42 2[et TXe2| EE F=AHSIRALE Band-pass filtering 7| &2
Moot HHE EF Fht Y| L2 E FESIACK001Hz<f<0.08Hz). £ MFMZ| 235 Al=of
2= noiseE MAHSH7| QUSHA residual signalE AlIMHSHRACE k| TA| HY, WA L Xz 6710| HE|
Y 28 OE0[HE nuisance covariates2 AFESI0] 2|24 (regression analysis)& &3l residual signal
SHACE.
Al ATE HIEOZ QU S=Xto| HAl7|s of 20idt= & Y= (Inferior parietal cortex (IPC), anterior
cingulate gyrus, caudate nucleus, putamen, orbito frontal cortex (OFC), dorsolateral prefrontal cortex (DLPFC))=
ROIsZ X|'HSFACHR! 2)(Dong et al, 2012; Cabeza and Nyberg,, 2000). WFU PickAtlas Tool 245 0|-835t0{ Zt
ROI2| mask imageE ‘82| LHRICL ROISE X[FE k| FAQ| ZE voxeld|A MZE FFstn, 1 Az9|
o2 HEAMZZR 510 ZF ROIsel &2 Hox oA (pearson's correlation coefficient)E Sl
ALt O oA 2 o FHBE 510 RO 7ISH k| HAE XZE AMSIACE AFUe
SHRME fI5te, 2k mEXe| 7|8 & HZd X=E one sample ttest®2 245N, Mo SHH
X|=0f CHgt CHS H|X(multiple comparison) =410f= False Discovery Rate &2 0|83, p<0.05
FE0AM SAHQ Xz=E THEACE T TS| KO EM5H7| /51 =LA (permutation test)S
z FOIAM ABSIAULCE ROIs FAQ| Fisher's Z342
}
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Putamen OFC DLPFC Amygdala

Figure 2. Selected ROls for connectivity
(ACC, Anterior Cingulate Cortex; IPC, Inferior Parietal Cortex; OFC, Orbito Frontal Cortex;
DLPFC, DorsolLateral PreFrontal Cortex)



3. Results

3.1 Result of Psychological data

ro

Hul 5% ZIthM = 18.27, SD= 5.29)0| HAF MOIZICH (M = 7.87, SD = 5.35)0] H|3 {ol6tH Z5M0| =2
O 2 LIEFICHt28=-5.34, p < 0.001).

Y

3.2 Within Group Analysis

A golrtt2 BX|7] MEfOA caudate nucleus - anterior cingulate cortex, putamen - insula, putamen -
caudate nucleus, dorso lateral prefrontal cortex - inferior parietal cortex, dorso lateral prefrontal cortex - orbito
frontal cotrex, amygdala — putamen 2| 7|&% HZFUAM X HE= ER2H, dorso lateral prefrontal cortex
—insula | 7|5& AZHON F& 20| LIEHGCHp < 0.05, FDR)(FE 1).

QIEHl 5= TEH2 caudate nucleus - anterior cingulate cortex, putamen - anterior cingulate cortex, putamen -
insula, caudate nucleus - putamen, dorso lateral prefrontal cortex - inferior parietal cortex, dorso lateral prefrontal
cortex - orbito frontal cotrex, amygdala — putamen2| S0 7|53 AZHoM FX AHg 22H, orbito
frontal cortex - insula, dorso lateral prefrontal cortex - insula®| @ZH0| 7|65 HZEON £ Azte
ECHp < 005, FOR)(E 2). FA+ g2l &kt Z2l orbito frontal cortex - anterior cingulate cortex, orbito frontal

cortex - inferior parietal cortex, orbito frontal cortex - putamen, amygdala - insula®| 7|s& Z40| FoI5HH
LIEFLER] QEQLLCE.

Table 1. Correlation coefficient between two ROls in Healthy Controls (P<0.05, FDR)
(*p<0.05, *p<0.01, ***p<0.001, Abbreviations: ACC, Anterior Cingulate Cortex; IPC, Inferior Parietal Cortex; OFC,
Orbito Frontal Cortex; DLPFC, Dorso Lateral Prefrontal Cortex, Black: Significant functional connectivity in both

groups Red: Significant functional connectivity in healthy controls only)
ACC IPC Insula Cau- Puta- OFC DLPF Amyg
date men C dala
ACC 0.13%* 0.17%* 0.16%* 0.21**
IPC 0.16%* 0.65**

Insula 0.33%* -0.19* 0.22%*

Cau- 0.17*%*
date

Puta- 0.17%** 0.34**
men

OFC 0.19**

DLPFC



Table 2. Correlation coefficient between two ROIs in Sexual Addicts (P<0.05, FDR)
(*p<0.05, *p<0.01, ***p<0.001, Abbreviations: ACC, Anterior Cingulate Cortex; IPC, Inferior Parietal Cortex; OFC,
Orbito Frontal Cortex; DLPFC, Dorso Lateral Prefrontal Cortex, Black: Significant functional connectivity in both

groups Red: Significant functional connectivity in sexual addicts only)

0.17** 0.15%*
0.65**
0.19%* -0.12%* -0.20%*

0.23**

3.3 Between Group Analysis

o
LIEFSCE & dof gel "E2 Y = ETHo| HISH orbito frontal cortex - pu-
tamen, orbito frontal cortex - anterior cingulate cortex 2| 7|&%& AHZAH0| |FI5H SIHSHAUCKAE 3). QU
= AT HA gol AT HISH orbito frontal cortex - insula o 7|5 HZMO| XotEl Ho=Z

LIEFGCHE 4).



Lonnectnaty with source (voxel-level)

Figure 3. Group differences of resting state functional connectivity- Healthy controls > Internet addicts

(1- Anterior cingulate cortex; 2- Orbitofrontal cortex; 3- Putamen, p<0.05 FDR correction).

Connectivity with source (voxel-level)

Figure 4. Group differences of resting state functional connectivity- Healthy controls < Internet addicts

(1- Orbitofrontal cortex; 2- Putamen, p < 0.001 uncorrected).

3.4 Relationship between Resting State Connectivity Strength and Degree of Internet Addiction

4. Conclusion

= AF0M CIHYl S50
insula) AZ40| 7(‘|0f5| A=
|

BX|7| MENOIM orbitofrontal cortex@t HZAZl CHE FA0| A 2|0, ACC, IPC,
FZAQUCE Ol mE-M=X EM3|Ro| & HASERH JEE 2ot X2[dH=

|

=]

=
SREREE

orbito frontal cortex 7|50 == 2|0|3t= ZLO|CE orbito frontal cortex= vetromedial prefrontal

cortex0| 2ot D= prefrontal cortex?| Y5 0|H, amygdala, dorsolateral prefrontal corte, anterior

cingulate cortexS ZEatot FAS0IAM CHEC| FAE 2 BHOISQ FEE Ells 922 oiftd 28X
olCt
AN .
MU0 2™ orbito frontal cortexe= —'?'—’5‘"7‘ F—W—, =25t 23t A= HEL WdSd 2HE M
2= (neural activity) XSO ZMN HENZ| U HESHZE A| MK Of(executive contro)Z dHe AT SHCtD

SHRILCE At S "MK 2|Qf 2ot AMZ A0 [Efﬁ._ orbito frontal cortex2| X 7|52 HEE # OfL[Z}
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RFENZF 7|2 Soll E&F B Nt 2HE
Birbaumer et al.(2005)2 A}O|RI{ASO|
Motz QaS YHSH}D, HAH-HMNME 2|2

e Al SRt 9gs §Y ols A2z HHRLL
A

ox U

MOl H[8H orbito frontal cortex®| Ed3Hactivation)?t
| Z4F 2dot iiHE 22 ASSHRUCL
IS Fo| ZAEZOfj(Attention Deficit Hyperactivity Disorder) ZHAME CHYCZ 3 AFOME FO|H
ZAETY) 2HXpel 87, B, s5dE SHSk=H 02i2E8 4= A0l orbito frontal cortexE Zgot Chk|
HY 220 75X &4 20| ASS SHRUCHFox et al, 2009).

t

ofN, 718X dEalek 2ol ATtD SRl o
ol

|10

orbito frontal cortex2| S

S 21)S0]| striato-thalamo-orbito frontal circuit®]

Ct SERICE CIHUl S=1F fASH A 5522 YT HA TH SIXHE2 orbito frontal
o

O Olz Qlsff AHMV|s0| Z=H0| ULt
A

0x
=]
£Q

cortex@t ventromedial prefrontal cortex0l AZAETHE &

H1g| 0 QCHCavedini et al, 2002). Bi& ZHIXIO| =2 HM SAXO| AMAMBIMELL XX SSH|M=
HCHE 2ME EO[X| X[CH QAMZEA| Zupt Z7[A k=0 EH 23H0|2ts Ae F&3| XSt
AeWME CH7|Moz X3 HE S = e FLEQ UEg =75t ETS HQICL ol2{3t oJAEFe|
et F=3Fel EF2 HWH Hf ¥ ofLZt ECE AW 52 2HUY ISSTO0ME LEE
£/40|CHKo et al, 2010). =, orbito frontal cortex2| H|I'SA&Ql 2dst TiHO| 55X 0|0 FxQAst AF0

oot 7|2 Agetd elap 20| ot |3 4= UL

2 A7 ZANoME QIEY S=0| Ha=of Hs SAHEE X 55 SHE Bt 22 orbito frontal
cortex?t ZAEl functional connectivity?} XMotel A2 LIEtGOn, QHU S5 REH0| HAZE Ao
I 55-d0| RSt =2 A= LIERRCE

= HAIE S8 Ml JX|7| HEfE 0|88t & a7 AuE FUsHEH QAU Z
QL9 AGIO| orbito frontal cortex?| 7|5 = U 7| A0 ¢l
O Z QIHU SEA| 22X dS(QES A et =9, 2Y

frontal cortex2| 7|sA Zgtat 2HH0| JUSS A|AFSICE

= g9l 2ME2 St 20k E7HAS0] gl 2lHU S50] EEst AZIE 2R Zot0, IEU
=2 7E7[20| [ME orbito frontal cortex2| & FEo| d&= EX| X5t AHU =29 H4-d0
e el 7152l ¢ =8 o= + 8itk= FOoloh ot 2IHU ME0 7+ A =E=0 U=
AYO7L Hadr[Eks "HoM, £ HFE0| 7Y 22ots AlZIEls oM YaEE UYLz o =2
A7 Eog Aoz HQltt

of2fet MotHol: =70t AMIA| UMz QAHU S=AS0 2EE X 7ls @71 A fle
HE0AM 2R S50 et A= AHU S== FeoHez IH WE Fast Az7t @ Aok
Lot 2 7S Sof et AHU SFJ0Me FF-O/FE o 2= oo Ciet Zits o AYH
Sds 7He R ZREOUE S0 TUHEFH Aol 72N SEE + US A= J|HECf
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