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A growing body of evidence supports that Internet gaming disorder (IGD) is considered as ‘be-
havioral addiction” with neurobiological alterations. We have reviewed previous research into the
clinical and neurobiological features of IGD, and suggest a flowchart for the comprehensive evalu-
ation of IGD. Several self-rating screening tests based on Diagnostic and Statistical Manual of
Mental Disorder, 5th edition (DSM-5) IGD criteria were developed. IGD is often comorbid with de-
pressive disorder, social anxiety disorder, attention deficit/hyperactivity disorder (ADHD), and
smartphone addiction. Individuals with IGD are prone to act impulsively and make risky decisions,
especially in response to game-related cues. Functional neuroimaging results have shown altered
functional activities in prefrontal cortex, cingulate cortex, superior temporal gyrus and nucleus ac-
cumbens (NAc). Structural neuroimaging demonstrated gray matter volume changes in prefrontal
cortex and NAc, while showing white matter integrity disruption in thalamus and posterior cingu-
late cortex. There are few evidences on the attribution of specific genes to IGD. To evaluate IGD
comprehensively, self-rating scales based on DSM-5 are useful, but a diagnostic interview by a
clinician is more helpful to assess functional impairments of IGD. Presence of psychiatric comor-
bidities such as depressive disorder, social anxiety disorder, ADHD, and smartphone addiction
should be evaluated. Neurocognitive tests that assess impulsivity, decision-making under risk,
and cue-reactivity are helpful when planning individualized IGD treatment.
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HZ 57H(Diagnostic and Statistical Manual of Mental Dis-
order, 5th edition, ©]3F DSM-5)°ll4+= “QTE|El Al Aol
(internet gaming disorder, ©|3} IGD) & F7} d4-7} 23k
kA A (Conditions for Further Study)oll #5152
] ¥ A| A 2.7 7]7-(World Health Organization)= =42
E3 11HA 7§43 #e} Z2H(International Classification of
Disease and Related Health Problems 11th revision, ICD-11
beta draft)®] E2 4 Y| 55 A3 Hof Al Aol (gam-
ing disorder) 52 Al A5k

o] A AU A ZA7E AR A o2 diFE ZA49
e L7731 MBS 2 ARe 511 9lou ARz
& Aol A AR 7hHeE AR PFER] otk whebA

2 S0l A= AE U Al Aol ] A, 4173
= zksto] JIEUl Al Aol o] 2&A AdE7tE 9%t
AE vhskaL, dolA AL 4= Sl Y SAEE

QAN ™7 Clinical Evaluation)

QIE{S A Eol M 2 ZITKScreening and diagnosis)
DSM-5 OIXM]E olE Yl 7]]01 ZEO /Hl:ﬂo].j_y_ /\upE%

g 0}‘«]3} Young Internet Addiction Test(®] OP YIAT)
o} Z+o Aurzle] oYl 258 Hrlet= A rE ALEEHY
th. DSM-5 H3E o] DSM-59] "Il Al el o] Zitk
7]l A £ ?L"é?} Hreso] e ek

Pontes 522 207 &80 & 1A% H =2l Internet Gam-
ing Disorder Test(] 0} IGD-20 Test) & A|etalon, &kl
2] 2124 At &K (salience), 718
tion), W4 (tolerance), = %H(withdrawal symptoms), Z-5-(con-
flict), A2 (relapse)2] 67 891 mo] HA3 Ao = e}
Wk B IGD-20 Test®] 5H¢f 291> DSM-5914 QIEUl
A ef o] 71zl AAE7] el Ak Ao 2 2[THA
DSM-5¢] EfE a1 gtk 27| o Hrh” o] % Pontes
©} Griffiths'”ol| 28} DSM-5 7|20] whet lEjul A|¢] Aol
= W7}sh= 7FASE 2 =21 Internet Gaming Disorder Scale—
Short Form(¢]3} IGDS9-SF)©] 7j# =] it} IGDS9-SF=
DSM—S-O/] Z]r 7]Z£ H}Oﬂ*a—]__‘: 97H Uz‘ﬂ—oi Ill/HE]D:] 575;
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Lemmens 57| 7i&¥&}F The Internet Gaming Disorder
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5} A =9} 97l 8 2= (The Short, Nine-Item IGD Scales)
B2 AE A= 27 £ FEet ol 3 HEE
H] 1 FASEAL, 7t X—iEi O]—E— T E FAsh= WA 6
7 Likert® Bt Bl thafiA = gAstle). 277 &
g A o] el A Ecﬂ—"i—ﬁ At} 97l 5191 8.219] second-
order X o] Aaal Ao 7 Uehyton 97 B3k o|E
23 o].L 7&57} 57:"31 =2 7 ok A o]Oh;]. r,].\ﬂ— 97H
Uzﬂ-o o] =] .dx% o}: ;QEE XLXH;H 75]]2 H A A (latent class
analysis)SHH 37] It = L OIEW\ A 7ol ] vl&
o] 4% A =2 YeRLE DSM-59] Ztt 7|52 2851 2]
Hull Al oo &0l 5% O]’%}Qi 7= o], IGDSY]
71 A57t oha A AAE S 7R Aol Ak

ol A= 20131 Cho 5'70] DSM-59] X%t 7152 &4
3t A}7F HarA] A A =9 Internet Gaming Use—Elicited
Symptom Screen(©]3} IGUESS)S 7i9Hs}4ict. IGUESS]
A= AU AY Aol 2k 7] 9742 58 2 1270
b 79t Hlof whet 0ol A 3 o= sk, 108S 4
A= AAstat AE A= Ay, of
Ie], Heldea 3 718 WelAk 121 % o= o
/\oﬂ‘d— ﬁJ,]_ &r_o A]g]E Eﬂ E]—‘%}'EE 593\
W (Cronbach’s alpha=0.94, K 2= 4 YIATQ}—J AFA|
Y7}k 0.896, 0.902), LRt JIF-E thAf o= BgE} A+ =
Y= 2] grof 7} A+L7F Ha sttt

Cho 5'7-& DSM-59] S1E|Yl Al Zofj2] 7]Z&of 273
A Yl 59 AAEE S45ke HeE skl on,
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T2 A WY=L JIEY, A9, SNS F= HH
(Diagnostic Interview for Internet, game, SNS, and etc., Ad-
diction, ©|3} DIA)ZE 7H&sl3iet. DIA 2.0 DSM-5¢]
G 7)ol A FUHA” 7o 82 STkl A E LS
o, HoAe} oAb WA AEE FHEs] QAL A
&, SNS Zzbol| gt S5 o 15 F7igteh 71 #el DIA
3.00l= DIA 2.00] ‘2221 AFSld A =7} S271E o Blga)
2rejo] 73y Fo|t},
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531 Zo] 9lo] @3]
2 Mz 2 DSM-5 Rk 7129 o
3 Zguto 2= ool Al 9 ko] o] L 4= Qlck &

A 2t 7]Z=(gold standard)

o] o] & H o= Azt
%E}. E}EW DSM—54 LH A|Q) ol 7150l LA 3} 7
vkl H %ol [GD-20 test,” IGDS9-SE," IGDS” ¥ IGUESS"
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25t WI7HComorbidity assessment)
|9 A 734"“ w2 Yl F5-2 dol|, AR
Eobbofl, oA 193540l (attention deficit/hy-
peractivity disorder, ©]3} ADHD)S} ¢13to] 9l ith 2 2114
5O FAWI5~23M)S o= aeE AollA, QIEU
504 ADHD, &%, At 94 A&l 7} iﬁ}
A FHrE 9o P 2Azte) A ﬁﬂr Yl 7HA] 2=
gl 35—4 S o &e 4 9l AAALEY Eot 57“‘
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Lee 572 201490] =t} 5 - 1153HY 12592 oiAto.
2 3230 YA " (Structured Clinical Interview for
DSM-1V)& Al em, AUl S22 38 7% A -2
7ol 35.5%°1 41 ADHD7} 5-E3hs 2hlskqith. =3 QlE
U S5te G4 Aol 2dk 3 A HE A4 (Diagnostic
and Statistical Manual of Mental Disorders, 4th edition)
o 24 B Ao 71Z] Wt FE2Y JELOR HE
sho] u] gt Ak, dgol A S-24ofo] B]s) ADHDS]
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MAME
(Neurobiological Assessment)

stx my}

MZAIX|7 |5 H7HNeurocognitive assessment)

Iyl AlY Aol e} AAF t 2+-2] Cambridge Neuropsy-
chological Test Automated Battery =3 A1}& v gt ¢l
ol oJatH, AAEYl A Aot S5/ A 52 (re-
sponse inhibition)2 H7}8}l= stop signal test(©]d} SST)ol|
A A ) Z2gtof Bl =8)o] A Z5FaL, SST A1ket 54
7ol AR A 7} TR Y @ QY AlY Aoll, =
ol X Ad3E ARG ol Al 29 S84 S vl
AgE Aol A=, A tiztoll vlsl QIE A9 o2t
A2 AN Aofli= 54 2 %= (Barratt Impulsiveness Scale
version 11, ©]3} BIS-11)9] AA =2} 35 55/ (motor
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o] )8l BIS-114F ¢12] %A (cognitive impulsivity) A4 3] 7ZFAa ok ¥ w3t A9 3 Go/No-Co task| 4] No-
7} =11 71 S H7)51= intra—extra dimensional set shift — Go trial error’} &2 @A 0] =2 YJAPAA (risky de-
74/\}011 /\1 total trial and error7} =ofrh E5e £ uff, 254 cision making)®] ¥1%=7} w=okeh? whabA Qe Al Aol

AZARIAA EAoH, 7 & AlY I Aol QLo W S5 A o] of2f& Hut ohy
M2 =t %‘5-‘:4 %‘—iﬁl E4 O'% FEY otk o} AMAA Y = 5] W eHA] Lsto] AlYS FHEhe

1T o0 bl =

TSN O] 52 B 5 Qi ABIAY SAAHY o olele e S AR ARHY,
2 BISHE cups task® S W), A A Aoh  olige] a2 E 10] stk AU AY Foh &
7} oA ARAE o] So] glat ST Ak B BAo] wor] 913 AHE HEst 714 2NE 1
A5 50, B3] FAko] AZUSE IR Alsle] Hgo] & lshA] ok gkl Atk 53] A Bl Aol glod ut
o}m” R AR Ao of de S $YT A, & oA 5 N AYSo) WA oA 3 3

= HOI‘%& T AEE she Ao &outh? ofolool &% 7]%—*3 | . whebA U A9 24
=8} 34 (lowa gambling task) S 4636}% AolA, o = WS u) FEA, WS oA 5, AR 9 43
Z AY A] W4 E L Ppots AUS A5 whgAel digt AR AT HARE Saete] olAF Fok
shal IHA) 8 AL Wk & QU AY Aot AL utelsid, i QAR U F5ays AYshs o
W2 s 95 4 AN Ao ghEo] 2 eSS A =fo] F Aotk
B3k 47149 A4S meist Ao zte
A= BE3/d (cue-reactivity)}& 55 E2 ) ¥HE AR & &G &(Neuroimaging)
A HAE A= eEHUS o Uehve 553 A4
2 ZyA urgo g =0l 2935 EAolrt ¥ gy AW 7ISH LA |ZEEA(Functional magnetic resonance
ot Whg- oA 8 1A HA48E B7FShe Stroop  imaging, fMRI)
test 2 Go/No-Go HARE S uf, TH =T 1
g 5)0] A = A4 2ty v]sgt AakE o, FX]7] fMRI(Resting-state fMRI)
A} A A=A AH 17 5)o] e o] TA] EY S5 4] 5417] functional magnetic resonance
Table 1. Neurocognitive impairments associated with Internet gaming disorder
Neurocognitive -
. . Assessment tools Findings Reference
dimension
Response inhibition  Stop signal test from CANTAB  Lower successful stop . SST variables were correlated with 33,34)
impulsivity measured by the BIS-11
Impulsivity BIS-11 Higher total and motor impulsivity score 33,34)
Decision making Cups task Generally greater risk faking tendencies ; making more 35)
disadvantageous risky choice in the loss domain, but not in
the gain domain ; higher internet addiction severity scores
were associated with percentage of disadvantageous risky
options in loss domain
Game of dice task Reduced decision-making ability under risky condition 36)
lowa gambling task Hours per week and pathological symptoms predicted 37)
greater risk-taking and worse overall performance
Cue reactivity Game-related Go/No-Go Inhibition deficit during performance of the gaming-related 41)
task and cups task task : errors on No-Go trial during the gaming-related Go/
No-Go task were positively associated with decision making
impairment under risk
Internet game-shift task Cognitive bias, response inhibition, shifting deficit toward 40)
(variant of Go/No-Go task) internet gaming
BIS-11 : Barratt Impulsiveness Scale version 11, SST : Stop signal test, CANTAB : Cambridge Neuropsychological Test Automated
Battery
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imaging(©]3} MRS A A2 o2 123 do] ok

QTE Yl A ofjof| A A A2 B 1111]%- H3= superior
temporal gyrus(°|3} STG), #A47] 24 9 F5 243 A
% medial frontal cortex(¢]3} MFC), &4 A<} odis

HAA 2 SFY 5219 ol o] E5HA eyt <l
Ul Al Aoll, S ARl 9 A4 ti2te FA)7]
fMRIE Hl2 EARE uf, AUl A ool A& AL
Zroll ol A default mode networkE B@3h= posterior cin-
gulate cortex(©]3} PCC)9] regional homogeneity(©]3}
ReHo)7} S7Fek3l ot IEUl A Aot Avt =55t
Al 2 STG2| ReHo7l H4stAth” STGE A1z} &zt
A== & APstar Al ZE JEo| 719kt A 21Z](emo-
tional perception)2t 34| 2 (inhibitory control)f] T+ s}
£ B2 HY oA 23 IS Y= IMRI Aol
JAEU AY ool A A i =<toll v]éll STGE] 24 %7
l““oh—% 9wt °]E1L“ 7'”%! Zolinke] HE3 A7 ESH
N

Network topology& ] 8 5}@] =] 0] ZAnbA ]l AAAE S
A Aol A, JIEU Al Aol B
global efficiency*= =24} local efficiency= FAE ot
o= ¥ 9] 7|54 dZol A *JEHOH 7}7h& random topo-
logical architecture® H3HE AL A|AFsHH, Qg A ¢l A
offoll A AlY& sk = Aeoll e = o] ANHA ¢l A9
oldol Ala= Akt
A =3 fMRI(Task-related fMRI)

T o5 AR MY F83 S F sl s A"
*o“e(oss of control)' ¥} ¢kl )lom, AUl A Hof <]
- 583k 417 Q1A 4 E4olth. Go/No-Go ZHA|E 3
fMRIE 29 5_ :rLoﬂ/\i JAEU A ol B4 tix
o] v|3)] 4~34 A& A] = orbitofrontal cortex(¢]8}F OFC)
o] A5} %5—5&3‘/} 8 2 F(commission error) Aloll&
© = insula,” supplementary motor area(¢]d} SMA) %
preSMAQ] ZA4Jo] 7rastgeh” ol SlEul A Hofol
A oA -3}t @ F 2T (error processing) ol =238 &L
Hoh= insula®l 7|5 AskE BAst7] fisl OFC7h g
Hi}g} ;(4146]- ou L 2 HE”’E?_TL 7\1—231_ ‘?_}8 o E%—B‘}%
SMA®] 7|5 ool 2= onlgtth

A B A=E & F o SE vSkE AT RS
o, QJUE A Holit2 Al #A A]ZF A=o] S
OFC, dorsolateral prefrontal cortex(¢]8} DLPFC), MFC,
precuneus, parahippocampus, anterior cingulate cortex(©]
3} ACC), PCC, nucleus accumbens(©]|3} NAc), caudate nu-
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-
lo
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cleus®] A =7} A WERGTE Y E3F QTE Y AU Aol
oA Ardo] H =} F= prefrontal cortex(¢]3} PFC), ACC,
2= inferior parietal lobe®] A& 7= 7tof ko] AbttA|
7F Q1 E? eyl Al Aot 3Bt AA 229
fMRIE |l EA%F Aol A, 382 ZLOH:rLOﬂ H]sff 7

o) e A=) g3t $-2 DLPRCY] 8go] Zhashih” &
3t 657} bupropion /\‘]HWQ Eokslal 2|2 A3.0] fMRIS
v WS W), A7 F FH= DLPFCO| T4 sty

DLPFCE A A9} e thoFst AR E H3talo] 240
ﬁX—LQ_]_HaL 71 D:}54)7]'UPJ4—O#_\.]—Q —‘V\}'éx
"ﬂ Zasieh? 2l ElLi 7!]%‘ Aofjol 4] DLPFC2] o)A A

A=l whs ’6}04 A skl AlY AlA 78

e

D

o2 o

1

é%io} o A e & Aoz A7
BAYo]| st ‘ﬂ e g Brtshe a“iéﬂrxﬂ (guessing task)
S T o, AU AY ol OI—E— FelA 2= OFC

CC-/] SIA] o] 7k
155 73“-/—‘7— Mol AdzE 1t
Ao A, A AY Holl= A4} ol vls) A& o]
= superior frontal gyruse] BHAIE7} =QFo L) A< 2 u)
= PCCY| A =7} gt} Auprl oz Qlejul Al¢) Aol
+ AEAE WE do 7Hgat B L(emotlon and reward
in decision making)oll 83 &S k= OFC7} &

3tE|o] F2/o]5l tsli A= wIFsHA §Egshs A= 9
S FAl FAA 7#E T5= 245 flalf 9A
2d590] ¥ agt ABAS Ae A= o 7
= Bol= PCCOl &/do] #Hast|ar sfjulj/=A ol =l A]
ANE FHoHA] 1 A 02 o4 FETh

84 hof(swearing words) = e, AT 59 s
HAZQ AAES FHst= FHORE A5 o] & u, QJE Ul
5 Aode FAHCR st E4 dolE AMESh=
o] Eatr}, &4 thojof ofsf faE ZFEtt S Q1A
oz e S IMRIZ AR ¢lLofA, ¢l
Al Folflit-2 B4 dixtol vls &4 dolg 52 o ¢
= OFC®} dorsal ACCO| &/do] AstE|glon, 95 Hert
BASEPE B 24 o] AstE It o] Qe
Al oflxto]l FAA A 3 A4S ATk A5
= Hl e =71aL AFS A A e AlAFsEIT

TEH HXP7 1S EGa(Structural MRI)

k] gje] KulE 2 Hrkshs 24 MR, JEY
A Aofito] A thz<tol] vlsl BT =l A3k NAc
4 caudate®] H7) = F7HE om0 FE 24 W A9 7]

53 Ak AT 9 (precuneus, DLPEC, SMA, insula,

N
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PRO)?] F3t s 9lck ™ o] cledl A Fohel A
FAS gste AUEGT HAS st A 119
T2 ijo] 7% A BT Eubelo] 98-S Al

=4, = genu of corpus callosum ¥ external capsule.i
fraction anisotropy(©]3} FA)7} % "5\_8} EEE]("” thalamus2}
5 PCCY FAE A53Het” ek 5 A7 BEofA] FA
oF e Yl F5 HA(YIAT) Zholl AA7F 91t ol
eF A A2 JAEY Al ool A ] o) oyt
Hl 2] o] m| |20 = o] AH(microstructural abnormality)©]
LFEfLp, R 2] o] 0] Ao F4F0] AZH I Thof] A
o] AUs= A TR
9] 71554, 24 MRI 975 &8l QI Al o2t
71t S5 AR FEHEAFY, HAA, B3R
7154, F2A ol 5) R AR SHESTGY 7154 ol
e eld 4= Qo). 53] AR W AAFYHY ol
tho] Atoll A A or Huwn 7 e &
Sh= SAC R, AEU AY Aoli7h 9] Q1R7]50] A5t
Ei”r lﬂl‘—’i 714, T
BRI,

i&

O

A Slelel ol Ao
2 olafo] ollEw F2A A 2
2 7hushof & Zolck.

S8 21X} HIHGenetic assessment)
| S, UEHE 9 S0l A =385 AEo] Aol
Bl $E9] 48~66%2 SA 89107 AW 5 glrp=
W7t BHaE ek @7k 2hegt ?lﬁ‘ﬂl ¥ 2
AL AHARE o= ARk vl ]D}ﬁé /J(Single
Nucleotide Polymorphism, ©]3} SNP)& ZHeldl= L7}
Az AFEoH 470 & mbﬂomﬁﬂﬂ‘zith o1
9] T3t QlE| Yl AR8-Z(excessive internet use)S TAIC.=
3F ArollA AZEY 45420 5-HTTLPRY] short allelic
variant”} B3| FaE o P 759 2] 3wt QlEyl A
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Fig. 1. Flow chart for Comprehensive Evaluation of Internet Gam-
ing Disorder. IGD-20 test : Internet Gaming Disorder Test, IGDS9-
SF : Internet Gaming Disorder Scale-Short Form, IGDS : Internet
Gaming Disorder Scale, IGUESS : Internet Gaming Use-Elicited
Symptom Screen, ADHD : Attention deficit/hyperactivity disorder.
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