Reviews and Monographs ERud=gars

0) )L S i R
Progress in Biochemistry and Biophysics
' '12022,49(10);19014909

www.pibb.ac.cn

0¥ 2% 3 X5 R R ) 32 5 IR TR B 5 EL#eR 22 AL 1

)g]%ﬁ.ﬁﬁlﬂ) i%ﬁﬁlj)

ﬁﬁﬁ_iﬂ 1,2)

(" EBL A OB R SR, P EREE O T, dEE 100101
D EREEE AR PRER, JEET 100049; Y ERREEAZEOHLZR, JEIT 100049)

BE REINTSE2MEkE (internet gaming disorder, IGD) #% /U HHEZ —, IEHIWFFE LS SN G Bl A3 AR X
IGD AL TR R 3, IGD S5 254 BORa A AE AR ol 22 3Eml , (AR IEAE A 2 . AR SO | R0 T
BB T IGD AR FOM LAY RS . 1IGD ABETEIF AN LR T, KB HI (reward anticipation) FrBEAY3 5 RS0
T BE SRR | TE AR AR R B INE OC, [FIR, 1GD ABEXT B4R BRI B — SO IR, R IE B2
AL RIPAE  (outcome evaluation) BBL. AR AT LAHEBRILIGIN R | 45 G AL SR BRI, JE— 3o R R T

FIGEFFAl S 1 W45 IGD Y K Jig

KA
hE4ZES B842, B84s

) 6% Ui 0 B — > A BR R () 4 2 S a5 ()
B, R4 Newzoo KA s, #IZE 20204F )%, 4
BRA 274U IC R o MR R — R A T
FEN1G% I, (B — LB o R A T
e OGSO RE, g pR AR (I
BB, M. EEIEESE) . haThRe . 2l
AN RG] 2 4% U W B i (internet gaming
disorder, IGD) V¥R HEN 4.7% ', AN HLIX
FIAF B RRAE 9 JE 30 28 S AR (0.7%~27.5%) 1,
YN AR TP T R UL S ARk, X4
BRI AR EOGA, TERUS TR S 4 RS
Ja, MR TDA4Z! (World Health Organization) 7E
CHEFBREE 28D 55 1L RABTTAS A T 28 Tk
BEfG (0 HIt, ORI 2 2R3 OCTE B LT S AIA
Ml RMEmE R, THEXERSEN
[ A
HEFR G T R AR IR G A DG B A
ZHUZ — o IARHERR T e A 50R:, Lan,
WS AT LIRS g hn . dr kv HEs Lot
A, RIS A 2 8t o] DA IR SR A il 174 5 IR
FRE iy IEPE OB T B ik BB . 7R
SRR g v, R DG TR T AR A B A

PIZEIERR R, TN T, YA, b

DOI: 10.16476/j.pibb.2021.0368

B, AR 2T B3 SE AT LA T B SR A (4
BRGSO, L, kR D& A 0 T LA G
SRigte, BRAEF — R ETERAT R 1 AR i AR
L BN TR AR B 2T RN A2 AT
fli, KBTI (reward anticipation) 8 HJ& 5K
PR R RSINURES, 25394l (outcome
evaluation) 819 &M TLHAFHT I ZE ARG 112,
AT, 2R R 2 F N T 7 o 45
WAFAE— B4y . — 5 1 IGD A RER L = 1
BB FRAER T, AR I X F R
BRI W SRR O JE 25 3T AR S R R S5 X
Hph K B R R BN T BEE . i — AT R
JR AT RGN T 558 B R e e, il
UL, IGD A F 3R GE R AAH SR S5
PR O F [ R4 B, ST, ARSOK EELEA
IGD AR BN T8 o #ei 22 AL ]y 1T A A 3
BB T 1GD AR A B A [ 4822 5 i
THHIE, SR DTN RS RAPEAE B BeJH 4
w ERAREAIES (32161133004) FHHITH .
s Sl TR R Ao

Tel: 010-64850437, E-mail: liyonghui@psych.ac.cn
Wk H 9 : 2021-11-30, 4552 H 1 2022-02-16




+1902- EMUEEEYIEER

Prog. Biochem. Biophys. 2022; 49 (10

IGD NHFRIRHE s 5o o JF5 25 Ui A B F
TEASRIAT UL, SRR AT LIJF R 7 17 o

1 MEERREEXEREETMERRT
R BHT 0 TR B

T I S R R T B PR A
YEH o v ki J A 5 DX 1) 22 L4 e B A 28 e 43 i 3812
TN TA RN, FEZWRBCIRE . 7 P RT
MRz HIERR B R AR X, 7 3 F A SR EE
M EPEAG R W7 25 R S T 2 2 i B
WX E RE R SR AT TR, HBELR AR
(reward deficiency syndrome) FRiBINN, HREE 10
TG ARG D T F IRz, il
F AT AR AN FRAZ AR Y AR, whahtE
it (impulsivity theory) ARy, BUBETT A28
G DX 3k BE OIS P 5 SR, RS X T RE T P TR 2
) SRR I L SR B S 0 B2 g R K S A
B EPEFRIS (incentive sensitization theory) I [X 43
T UREE N IR AR DG BN AR B O, RN
AR TR A > Y S R R A DG AR S R
TR, FECE N T X B IRE A I F B Rk
P, AR T X AR B R RN P SRR
AUZ BT IGD 2250 TS il SGER N R, JIF
H IGD AN HEAERURa R S M B HAh 2 5 i T3
IR AT AR, ASER 7R TR B0 H AR
BN FPERIS 7258
1.1 PIZEHEX R EE X 3 = I T AV $FAE

F Ik AR R RA T oA 07 10X 286 i X BRI A T o
TR T AT RIS N 5 T8 N TEAT N
b, IGD A AR I H KR A S o35 1 3 T A ]
T ARG ANVE SR B i . X Le AT R AR AL AT g
ERFOIMEFIANIE R RS ZE LS R, ML
IGD & J'&, A7 W BB 52 f 252 I 45 Ji X e 1)
TR 2

B X AR R R R T B w17, FEA
[FZEAIA N, MRS e B SR A X
BRI . BT AE gomogo 1155 H X e Xk ir) Y 5 1) i
JIHEEf, I HARR T PR R AR SR, AT
TE M B A A DG TRV A8 B b B PR HLERA P, 7E
ML RAES T, AT sk, 1GD AMAX] i
AR B R R R & P LR —
BN TA) ARG , TGD N ASH it AH G A4 SR 2R
TR [ SR R A ) 2 RO BV H B
TR RS i AR AL BRI RREL g R 5 |, X

fdi 45 IGD A ARIR il X AR 75 R X . B o 22 1Y
IGD XA A ) o o8 S Ak EL AT ARG RS I b 42
FEfil, EERINAEA TR G AN T TR X
LSRRI RE S o

TR 2 B B RAH LR R B R G T
TEBRAIRAS . — 7T, WA TG S a] ik £ B ke &2
5 HF OG0 il DX R4 5% B I Yk o a3 1E FL A
BHEA (PET) R Z MR UE LGOS, iif
Mt PR AR (D2 2 FEPiH]) 45455 D2%Z
R, FoRZEMR 2, I H PRz R
(RSt ) , —H s aHb, £ B R
Z 51 T, 1GD A A B I XX 3 3k A
KRR NG, BN T 5 5L 2t
ARG, OEIESULZE . RIe Ry
] 227 ERHERI G IR R CERIIR” 5
WEHEE” BYEGE,  IE SR X R I AR I (1 £,
DU B SR RS . L, Ttk il
HAEE WA C B R sl AT, Sie124 ¢
ARG . B R B G SR Y, IR RS
KBS N 27 DL RS R, AL IOl K
AL IR 22 T ek FEFH57 T FLIRE B DGR
R UM B2, KA IGD A8 SR itk

D —d
Dlo

T2 T TR AR X D RESZ 40, SRR BURE A
BT R A E R N Y 5 AMI T R 2
ATTEA AT YHIE R, IS5 RP0AAE D),
AAEHA . NI T APATRE S 2, 58 AT Wi
ST, TR R T ARG R SR T R S M
HIA R JZROE R RS, AROA R 5 i
Bl AR v oR S AR DG B R FE AR UBIRAS T
BRI Fr, WA R 2 F 5 P T A DGk
XA Dy e AR B IR AR A O s 3K
(AT B ZE VAU Theta 4 B 9 10 H BE B2 Sl REAIR,
LT IGD AR f Dire szt . i,
B -SCRAA RN A - F10H [ PR B A 25 H R D e S
5 IGD MAXFEARAL BN T2 UIAHOC, X W Bk
T X iR A e 2% B I ) 24 5 SR R i DX Dy g R
SR LA R v R T
1.2 MR REE X B AR T I TAYHIE

JCIRE Y B By 7 AN — 2 2 R BSRE A DG B Y R
1k, WA A REE TP ih 2% 2 I R GEn) H RS
o7 ARG, SRR 0 B A S 2 B Sk
22 E R 25 0 28 finh J5 B D2 A2 AR T 2 M 1) A i
1 £ iz 1K (dopamine transporter, DAT) ff)



2022; 49 (100

EER, % PRI AR A 2R 50 TEREA R B AR AL E

<1903

T AR AR ROREE X A SR B U AR A E 2
Rl 2459 0 & 22 12 ik D2 32 AR50 DL K 2 T e e
g B Ok BIETE s, 2 EUERER 4
RO AEA HER R TAEY R4 T e
W REEEENVEN . PETS R SR, M HIEA
TR LA 2 PR AZE AN AT 242 114 22 5L 1 D2 32 44T i
REAG, ELRT M S e A B S A G 7 Tkt
V) A G B A A ik 2 B 7, R v R B 1) 2 L e
W2 FEDAT H > ™ Ah, s 2 D2
SZARFINZ [ g B4 i Tl Y 6 TR 2 25 Pk 1 T 7 A4 A
T P O 28 T R AR RS, BT DA g SR, £
[L e R A 28 22 0 ()00 352 SR Py IS R 2R i Pt
5, HE T IGD AR X R 22 5 1 TIPS 2
R B U AR . H T OC T IGD A 4R 250
THBY, EEEPAESEEL TS5

SR TR HAH AT PR WY, B9
2R A B 5535 S OR B 5 1GD 1Y 25 m
TR, FERTERE AT 55D, wialnT DA BEAS )R
B 2 B o, A T A R AT ) RN — R T
B, SXFRAAH, BA IGD BT A AE AR
1N Ao = A T BNy e - A o | R
(fMRI) 5 Bon, FHE T 5 R BRI,
IGD MATE AT 4 B2 il R SORAR TS b
HRFFEHE— 2 L8 T 1GD A BE R R4 A BEXT 725
SN RN R RN, Lei 25 U Sk Bk AE
IR HE 3 T 4 R AR LR R AN L L 2 8] 1) 5% B 5%
Z, FEIERSLE T TR RS I 5
PRI o FEIX PR AN LR, IMRIZS R 2
7~ IGD A BB A Rk AZ . 2 A RE 451 Bz J2 A
AU AT R JE RO RN IR DL SRR
A, IGD AMAXT 4 5 5 B R0 HH B AH DG ki DX (A
P

TR R At 28 WL &2, 3278 IGD A #E
Xep At s SUB BT AN TRl e B O — T
FELGHE T I 265 e A RN it B XS AT kg 22 L 5kt
(an “IEHR7 ) PR (n CEET ) M
PN . G5 RI, SEHIAAHL, W2 aREd
T 3 T A 2R BT B 252 B G I DX I 4 K S A4
(BOLD) 55 Ham REAR, AT x5 256 PFA i
5 AR S MAARr R A AR A X, 8L
LTG>T, LR T R ABL I 245 Ui
AT Re At AT T LD i H B A A R s 3R AR
IR, AE—E R AR T B R b TN
PRI, IGDAMRIMKIR AT I E IR

13 AEEBREENSFRERETMEAZE M
IHRMN—H 5oL

200 IR RN TR N T R e e 1) 22
PRI M AR e X IGD R SY R ER T A
ISR, HAFTEARRIA A AL . AR Z AbAE
T, IGD AR HG XS iR, Hiz sh fras
(i) 3 R G 1 i DX 3% Bt G o Y. M I OE LA
(late positive potential, LPP) 55K Fl1E 28 Melit Ay
K, IGD AWM B KA I A4 LPP 3R i i 145
HilZE o, L 2 M A T S LA AT R A
P23 [A)E A L R |, B 7R TR
A REIS & 1 IGD dH 1yiie xk 7 oAk g, B iRy ]
AE 2R TR 5 Wt S se B MRk 45 R
B RIRITE, WERR A BN R N A A
(4, G i S5 SRR e i A fel R Ak 2%
R, IFHAWRE—FE, X RGEM 7KW
5

YRR TR I, R A SR E A B
PRSI 47 R 2 T AR B R At FR B L X AR
T UBPERRAR . SR, WA ST & BLIGD AR
FEIW X A AR 0 R R S AT S i
SRR, RBOIMTADCHIMG X (At =) A%
BRRERE S & Y Z T LR R A, A3
AT 68 1 Ji PRl o — 2 2 BN ) A AR S B P
K, SIS ELAR T, S5 ks
TP E AT PR, B 22 A U HAth B ot
FEHR T A BOIR AR TFIHE 551 1 J2 45 2 B OB X Jl
TR ARMEHERR X — i AN R RS P R A3 B
(1o SARIE NFEAN [ PATRE B A DU e o 25 1 E At
IR AR R o, L b, REM
25U AR MR AT TR R P SRR K
FOMTHIF B G, AR 5255 2R AN [A] 1 6 525
K, TR MO R . fln, R 55 i
U R, PSRN E AR T2 5, SR
G XR TGS R RO, T A BRI A IR AT
% (money incentive salience task, MIDT) H1AJ4k
REARBHINE, E5 G 5 I A Zs Sy
il N IAIAS SRR FON TR A B B b T L

2 MEHERABEEARDRZEMIMER
R FE
ZUMRER 525 TR EBUNMATRIG . 18

LB B, 22 LS 815 2 B R A T ELAH
K, AHEEBRAERER BRI R, nTRIEA T



<1904 - EMUEEEYIEER

Prog. Biochem. Biophys. 2022; 49 (10

K2 CLRE R 22T IHOE TR EE BV o 7R il 4 SR vEAG
WrBe, ZWHedmtt 1 SBrlcs) i R R4 SR S U2
R —Eny 22 (E, BRI ) IR 2% (reward
prediction error, RPE) "2, BT 1 o i 0 4% 25
DORFIRZEAR 5 R BIAH OC B B 4 1 P L el 8 e 5 930
RS SER TR SAT g 1 PR | e T,
RIS . BEAL T IR AN R E BT R AT T B X

DI EIAYPRIES, W xRBCA ] AFE— UK N 2k ~) B Bt
HJ R RE, TR . R, AR
XRHR AT DL i B R 2E (RS 2R B AN SRR R AT
RGBT EL > (EBEFE DA R i dl N 2 2 i
B, EIRRB AT, AT N n] B
TR TR R, 2R s S LR
R (18 1),

biasdit il
45 5> i
P T
25 < T
— BRI

KT R 2%

Fig. 1 Scheme of gaming reward learning by reward prediction error

REFHUIAAZ

SE 9L T

[58]

Bl EFERMFHIRENFRERFISE

2.1 LRI REE R BT M B A 0 TERPE
“Z—EEtm T (near-miss) 7 Wi “RE
B, V2R B RS R DR R A
MR — AR LR N ERENTCHN, X — S eIk A
grpuhsEih, B 2t T A A,
A K T URSlieny e R 7 Buaih B i
Bk T IR IAN — P 18, AT R A B A A 2
K, X AIREEDUR AR L LSl s ) £ 9% B A 1Y
JRP o Zead K IR IR 2R, BLaAN O TR
FRIIRHERG N, SCRARFRE MU A SO0 B 2%
Hg g e LR R 2 Y R B AR R AL i 3 U
Al G R R TN 0 BB AR SR, A TRy
T RYAE G B T U B B S R T
It H XS5 A G oo SRR s o el T
JSCRE X R R T )2 Il B 1S (A v 7l 2 )
P DA REERERIA, X R AE S 2B
S SR RN TR R AL R RRAE
S5 B AT L, 1IGD AREXT 3 AR5 1Y
PR AL - 1A B 45 47 o AT f . (stimulus

preceding negativity, SPN) JZ&— e TAHIHFLRY
s, S T U SR Sl W
Z O e B AR 0, I 55 A 0 I 8 R e
I, LR, SPNRIFE A ' R LM,
1GD ZH F gt B Xof FRZH 75 fR7 S AT 55 A 2 ER 2L B it
1B B i SPN HR IR VA 22 5, HURH 488 T 42 il 4 %
1 AU 2R 1) SPNIREHE R, IGD 44 i (R KU 2
FRRAGEE " FEMIDTAES H, w8
SERAR R LRI T EE R, AL i ] N st LA
AT FNRE AR, FR PR B W S T e —
B FE R 25 R Rk, G5, %
Jl TN 2% b S T PR L i R
HBhizghIX, {HIGD 5% B4 AN BOLD {55 %
AR iy, W IR I BURE A A
% DR RO A 4 R B 2 AT LB B Bt (SPN 48
Br) BOE Y LU RRZER 5, XU, AR TR
IR ER T2 BB AHE, 1GD RUXT 4 3¢
TG A B A . 5 —FIATRER A RE R, &
B SR HARROCHR, AT H W kiR



2022; 49 (10) BT, % PG AR Y 22 B N TERBA R HAR AL E -1905-
Wiy, iIGD AR EZJEM I GTEkE o X P SRR T SORE RIS, i b kR A U P

VL, BUREE X B R E R S, Sk
Fa X B O R N VIR BAR S T T 2025
VINIERS
22 MERFRAEEEREERITGEMERAMI
TRPE

SERVEAG R AT B BT 0 T S B 45 R sk
TR AT PR P R, X — i B E Al )
AE. UEAR MU AR B X2 Aok (555%) 1Y
AR, XELARR R S A SRR S | & e S SR
L BENEARAT A o

IGD A FEXT 2 Jily 25 SR R0 JRUSS: () SRR PR IR . —
WUEMRI ST 7, AHE T2, A TAE AR A
IS5 A AR R M B I P i 8 1z S22 RN T
LG B/ 7 R AR JE 1R (feedback related
negativity, FRN) & 2 i 22 B U@k ) i A= #L 4R
bR, JHREMARFMEE IR 2 p 2R, HIE A
BRI DL R BORR ICEL 7Y iR R, £
PR 5 BT 0 IR BERE  (haloperidol) , V)N T 4l 3L
f£% (flanker task) [ FRN #RIE, X Ui H] FRN
HH T Z2 U REALH] 7 o 1GD 417 fAy B0 1A T 55
HH I i 4t SR R R AU 435 2 7 FRN IR AR /D 147 1l
41, HFRN RS ™ =R (A ¢, AFRN
(PR SR E R 2MEH) /NTHH4 . 5,
AW WS, 1GD 475 v AR KUBS: 4 £ 2 152 1) FRN
WS P XSEZE IR X K 4
TR JRUBS: B R R APRJE: IGD AR RS B AR AR 747,

71— wR g e E T IGD AREFER T K R
e POV R R RURE St TR R SR A R
AT, ST DG TR IR I R R T TR R Y R
oA, R & RS TSN T
(incentive salience) , XJ 4 542 B¢ 19 3 2 1] o7 FH
T WEDAS RTINS 2 fE R R AR
T ) go/mogo fE55 i, MHESTrhPEE F, Uik
KR T S48 & T N 4% BURa 3 /N FRN 77
H 5 DI REA /) Alpha 551 A0 i e, 8 & 106 s (%
R XA, WERAH C R BT T IGD A
SRS BURE, A TFERUREAH DG R ST Y
RN B % .

ZE LITIR, HRET BB ES SPGB oY 2 6T
AR R AN R SRS & N RN T, JRIA
S WETEE 1 T 5 1GD A FHE A ey XU e 5 i 240
ANRIGR T AR T A, AEEICE,
FEUE X AH OGP 52 T 1Y FRN M {080 /N SR 3 2

R, ARG, 51k T CHERRRET T, HH
TR = B A5 BN T s Bk W i X2 5 14 i
WEERINTRCR . ik, YATSEmgs R s il
IGD AFERT F ARSI B st i liAl , (HLR /D5 Tk
R B AN T

3 MRAEERE

AR SO IGD A Y 25N Tk B A 64T T
WER, MEBRARE, XHipk R e
AR TR EAL R IGD ARERY B EERE; K
FOMTR BT, IGD AMARILE XKL R =
TR H AR T AR, TTdE—2
T IGD A I 2 Jl BB 27 AE 3R FNFE IR e 3
LV N OB /S A7 S iR R ID O ML s e S il
WAL AT G, HiE ] RE B T IGD 1) 5 Jd bk
M5 & T e R A S5 . sk~ i
Z UM S IG5 A e Y, R s
— RN, AW /N A Az ) 22
PR R, — R e e, ek b AN
S ISP i A A AR 2 356 288 Il 00 A0 5 1t e ki ke
), JUHOE, WA IEA T R URTIAS K AT ek i
BTN . SXHE, R A AR AT LA 2o TR
PG TR R R AT SIS, 5%
Ak ) N2 CUMAS 5 APt g, SRS BT
FRRFT IR . S OFp2 > i B, R St of)
WOT IR = BT R, SRR SR AN 245 e A
[FAFAE 22, (B)E, HATIGD R F M Tilff e —
ST LI 1) [R)

— R O E R R B M R T B 2
SATRE— B9 BB e T T
WF5T IGD BEA A n T 3 0 31 B Ak SR
TR R ST 2B 2R, PR R E AR
TR R MR LSR8l 19 26 30 4 i A7
TFFFEAE P AR S 2 B R R R B AT B
B, U HR B B T A4S RAEAS B Be oy TP
AR FE ] DL IGD AT XS A [|] 2 700 22 5 1 i
T, SRAZ R R TR R L R (EEG) A
I 2 B Z AR T RERY PET M2 545 H AR, JEI% IGD
UNEHIOE 4 IR ETSY &L EZY NS

I IGD 5 FON T8 ¢ R T EEHE R Lk
PR AYSEIE . 7SRRI RGBS, sRia
PEAT A BRI R 2 2R 1 B 07 -5 A o) B T W 3%
200 B BT s, W AU A X 4 R



<1906+ EMUEEEYIEER

Prog. Biochem. Biophys.

2022; 49 (10)

B 2R R A0S o I T X BR AL 1, BRI g 45
Ji 2 5l Rg b ﬁ%ﬁ@h%(@%%ﬁ&mu
B MR, JTOFr RIS, SECE TS
FHEE,  HERR 00 1 03 R AL T~ 6 2 Jilh 15
Wi AR s T — B BCIRIARIG S . R, R
K e 12— 25 HE B S b Ao e A % 22 5 T Y
AU

R TR B U AN S PP 2 ] 1) ¢
R, HRBORIERIEEATNIIEE122, TTRES Mm%
TR AT 25 S WD BE ) 2 6 T 1N
P BN R IR S T B A 1 D R B
SRR, AR R Wbl R
PEFFLEIG KX B TRR , H 2 2 i 5
TEIRIRIG R AT S R AR AT R Ty, 4t

L H NS5 BOE IR AL EEORIE T, KR
FSE N 32 F S I AR T I X R AR I R A,
— L UL B B T RN 25 SR R B Z Rl G R
X AT BE BRI IG AR PR 25 30 M X AR T
THIRH 2 By 1)

z % x

[1]  Wiman T. 2020 Global market report[EB/OL].

Amsterdam: Newzoo, 2020[2022-02-23]. https://newzoo. com/

games

insights/trend-reports/newzoo-global-games-market-report-
2021-free-version/

[2]  Derevensky J L, Hayman V, Gilbeau L. Behavioral addictions:
excessive gambling, gaming, internet, and smartphone use among
children and adolescents. Pediatr Clin North Am, 2019, 66(6):
1163-1182

[3] Feng W, Ramo D E, Chan S R, ef al. Internet gaming disorder:
trends in prevalence 1998-2016. Addict Behav, 2017, 75: 17-24

[4] Mihara S, Higuchi S. Cross-sectional and longitudinal
epidemiological studies of Internet gaming disorder: a systematic
review of the literature. Psychiatry Clin Neurosci, 2017, 71(7):
425-444

[5]  Kuss D J, Griffiths M D. Online gaming addiction in children and
adolescents: a review of empirical research. J Behav Addict, 2012,
1(1):3-22

[6]  World Health Organization. Groups that were involved in ICD-11
revision process [EB/OL]. Geneva: World Health Organization,
2019[2019-12-28].

revision/en/

https://www. who. int/classifications/icd/

[71  Zheng H, Hu Y, Wang Z, et al. Meta-analyses of the functional
neural alterations in subjects with internet gaming disorder:
similarities and differences across different paradigms. Prog
Neuropsychopharmacol Biol Psychiatry, 2019, 94: 109656

[8] Finseras T R, Krossbakken E, Pallesen S, ef a/. Near miss in a video

game: an experimental study. Int J] Ment Health Addict, 2019,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

19:418-428
Kim B M, Lee J, Choi A R, et al. Event-related brain response to
visual cues in individuals with internet gaming disorder: relevance
to attentional bias and decision-making. Transl Psychiatry, 2021,
11(1):258

Decker S A, Gay J N. Cognitive-bias toward gaming-related words
and disinhibition in World of Warcraft gamers. Comput Hum
Behav,2011,27(2): 798-810

Raiha S, Yang G, Wang L, et al. Altered reward processing system
ininternet gaming disorder. Front Psychiatry, 2020, 11: 599141
Berridge K C, Robinson T E. Parsing reward. Trends Neurosci,
2003,26(9):507-513

Wang L, Yang G, Zheng Y, et al. Enhanced neural responses in
specific phases of reward processing in individuals with Internet
gaming disorder. J Behav Addict, 2021, 10(1): 99-111

Lei W, Liu K, Chen G, ef al. Blunted reward prediction error
signals in internet gaming disorder. Psychol Med, 2022, 52(11):
2124-2133

Sescousse G, Barbalat G, Domenech P, et al. Imbalance in the
sensitivity to different types of rewards in pathological gambling.
Brain, 2013,136(8): 2527-2538

Zhou W R, Wang M, Dong G H, et al. Imbalanced sensitivities to
primary and secondary rewards in internet gaming disorder. J
Behav Addict, 2021, 10(4): 990-1004

Yao Y W, Liu L, Ma S S, et al. Functional and structural neural
alterations in Internet gaming disorder: a systematic review and
meta-analysis. Neurosci Biobehav Rev, 2017, 83:313-324

Blum K, Gondre-Lewis M C, Baron D, et al. Introducing precision
addiction management of reward deficiency syndrome, the
construct that underpins all addictive behaviors. Front Psychiatry,
2018,9:548

Bjork J M, Smith A R, Chen G, et al. Mesolimbic recruitment by
nondrug rewards in detoxified alcoholics: effort anticipation,
reward anticipation, and reward delivery. Hum Brain Mapp, 2012,
33(9):2174-2188

Robinson T E, Berridge K C. Review. The incentive sensitization
theory of addiction: some current issues. Philos Trans R Soc Lond
B Biol Sci, 2008,363(1507):3137-3146

Weinstein A, Lejoyeux M. Neurobiological mechanisms
underlying Internet gaming disorder. Dialogues Clin Neurosci,
2020,22(2): 113-126

Dong G H, Wang M, Zhang J, et al. Functional neural changes and
altered cortical-subcortical connectivity associated with recovery
from Internet gaming disorder. J Behav Addict, 2019, 8(4):
692-702

Heuer A, Mennig M, Schubo A, ef al. Impaired disengagement of
attention from computer-related stimuli in internet gaming
disorder: behavioral and electrophysiological evidence. J Behav
Addict,2021,10(1): 77-87

Zheng Y, He J, Nie Y, et al. Influence of abstinence on automatic
detection bias to gaming cues in individuals with internet gaming
evidence from visual ~mismatch

disorder: negativity.



2022; 49 (100

EER, % PRI AR A 2R 50 TEREA R B AR AL E

+1907-

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Psychophysiology,2022,59(3): 13973

Koepp M J, Gunn R N, Lawrence A D, et al. Evidence for striatal
dopamine release during a video game. Nature, 1998, 393(6682):
266-268

Lorenz R C, Kruger J K, Neumann B, ef al. Cue reactivity and its
inhibition in pathological computer game players. Addict Biol,
2013,18(1): 134-146

Zhou W R, Wang Y M, Wang M, et al. Connectome-based
prediction of craving for gaming in Internet gaming disorder.
AddictBiol,2021,27(1):e13076

ZhangJ L, Chen S, Jiang Q, et al. Disturbed craving regulation to
gaming cues in Internet gaming disorder: implications for
uncontrolled gaming behaviors. 2021,
140:250-259

Fecteau S, Pascual-Leone A, Zald D H, et al. Activation of

J Psychiatr Res,

prefrontal cortex by transcranial direct current stimulation reduces
appetite for risk during ambiguous decision making. J Neurosci,
2007,27(23):6212-6218

Dong G, Zheng H, Liu X, et al. Gender-related differences in cue-
elicited cravings in internet gaming disorder: the effects of
deprivation. ] Behav Addict, 2018, 7(4): 953-964

Dong G H, Wang M, Zheng H, et al. Disrupted prefrontal
regulation of striatum-related craving in internet gaming disorder
revealed by dynamic causal modeling: results from a cue-
reactivity task. Psychol Med, 2021,51(9): 1549-1561

Kim J, Park J, Park Y M, et al. Diminished frontal theta activity
during gaming in young adults with internet gaming disorder.
Front Neurosci, 2019,13: 1183

Buhler M, Vollstadt-Klein S, Kobiella A, et al. Nicotine
dependence is characterized by disordered reward processing in a
network driving motivation. Biol Psychiatry, 2010, 67(8): 745-752

Volkow N D, Fowler J S, Wang G J, et al. Imaging dopamine’ s role
indrug abuse and addiction. Neuropharmacology, 2009, 56(1): 3-8

Kim S H, Baik S H, Park C S, et al. Reduced striatal dopamine D2
receptors in people with Internet addiction. Neuroreport, 2011,
22(8):407-411

HouH, Jia S, Hu S, et al. Reduced striatal dopamine transporters in
people with internet addiction disorder. J Biomed Biotechnol,
2012,2012(3): 854524

Han D H, Lee Y S, Yang K C, ef al. Dopamine genes and reward
dependence in adolescents with excessive internet video game
play.JAddictMed,2007,1(3): 133-138

Li Q, Wang Y, Yang Z, et al. Dysfunctional cognitive control and
reward processing in adolescents with internet gaming disorder.
Psychophysiology, 2020,57(2): 13469

Dong G, Li H, Wang L, ef al. Cognitive control and reward/loss
processing in Internet gaming disorder: results from a comparison
with recreational internet game-users. Eur Psychiatry, 2017,
44:30-38

Rho M J, Lee H, Lee T H, et al. Risk factors for internet gaming
factors and internet

disorder:  psychological

characteristics. IntJ Environ Res Public Health, 2017, 15(1): 40

gaming

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Kim J E, Son J W, Choi W H, et al. Neural responses to various
rewards and feedback in the brains of adolescent internet addicts
detected by functional magnetic resonance imaging. Psychiat Clin
Neurosci, 2014, 68(6): 463-470

Goudriaan A E, De Ruiter M B, Van Den Brink W, et al. Brain
activation patterns associated with cue reactivity and craving in
abstinent problem gamblers, heavy smokers and healthy controls:
an fMRI study. Addict Biol, 2010, 15(4): 491-503
Limbrick-Oldfield E H, Mick I, Cocks R E, et al. Neural substrates
of cue reactivity and craving in gambling disorder. Transl
Psychiatry,2017,7(1): €992

King D L, Herd M C E, Delfabbro P H. Tolerance in Internet
gaming disorder: a need for increasing gaming time or something
else?. J Behav Addict,2017,6(4): 525-533

Asensio S, Romero M J, Palau C, et al. Altered neural response of
the appetitive emotional system in cocaine addiction: an fMRI
Study. Addict Biol, 2010, 15(4): 504-516

Jastreboff A M, Sinha R, Lacadie C M, et al. Blunted striatal
responses to favorite-food cues in smokers. Drug Alcohol Depend,
2015,146:103-106

Breedon J, Ziauddeen H, Ersche K D. Wanting food in cocaine
addiction: a more complex
Neuropsychopharmacol, 2019, 29: S489-S490

Dong G, Hu Y, Lin X. Reward/punishment sensitivities among

relationship. Eur

internet addicts: implications for their addictive behaviors. Prog
Neuropsychopharmacol Biol Psychiatry, 2013, 46: 139-145

Kohls G, Thonessen H, Bartley G K. Differentiating neural reward
responsiveness in autism versus ADHD. Dev Cogn Neurosci 2014,
10:104-116

Halahakoon D C, Kieslich K, O'driscoll C, et al. Reward-
processing behavior in depressed participants relative to healthy
volunteers: a systematic review and meta-analysis. JAMA
Psychiatry, 2020, 77(12): 1286-1295

Schultz W. Behavioral theories and the neurophysiology of
reward. Annu Rev Psychol, 2006,57(1): 87-115

Tian J, Uchida N. Habenula lesions reveal that multiple
mechanisms underlie dopamine prediction errors. Neuron, 2015,
87(6): 1304-1316

Walsh M M, Anderson J R. Learning from experience: event-
related potential correlates of reward processing, neural
adaptation, and behavioral choice. Neurosci Biobehav Rev, 2012,
36(8): 1870-1884

Chong T T J. Updating the role of dopamine in human motivation
and apathy. Curr Opin Behav Sci, 2018,22:35-41

Fiorillo C D, Tobler P N, Schultz W. Discrete coding of reward
probability and uncertainty by dopamine neurons. Science, 2003,
299(5614): 1898-1902

Redish A D. Addiction as a computational process gone awry.
Science,2004,306(5703): 1944-1947

Gleich T, Lorenz R C, Gallinat J, et al. Functional changes in the
reward circuit in response to gaming-related cues after training

with acommercial video game. Neuroimage, 2017, 152: 467-475



<1908

EMUFESEYIRHR

Prog. Biochem. Biophys.

2022; 49 (10)

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

Schultz W. Neuronal reward and decision signals: from theories to
data. Physiol Rev, 2015,95(3): 853-951

Larche C J, Musielak N, Dixon M J. The Candy Crush sweet tooth:
how ‘near-misses’ in Candy Crush increase frustration, and the
urge to continue gameplay. J Gambl Stud, 2017, 33(2): 599-615
Lorenz R C, Gleich T, Gallinat J, ez al. Video game training and the
reward system. Front Hum Neurosci, 2015, 9: 40

Ahn HM, Chung H J, Kim S H. Altered brain reactivity to game
cues after gaming experience. Cyberpsychol Behav Soc Netw,
2015,18(8):474-479

Zhou F, Montag C, Sariyska R, et al. Orbitofrontal gray matter
deficits as marker of Internet gaming disorder: converging
evidence from a cross-sectional and prospective longitudinal
design. Addict Biol, 2019, 24(1): 100-109

Van Holst R J, Veltman D J, Buchel C, et al. Distorted expectancy
coding in problem gambling: is the addictive in the anticipation?.
Biol Psychiatry, 2012, 71(8): 741-748

Parker A B, Gilbert D G. Brain activity during anticipation of
smoking-related and emotionally positive pictures in smokers and
nonsmokers: a new measure of cue reactivity. Nicotine Tob Res,
2008,10(11):1627-1631

Mattox S T, Valle-Inclan F, Hackley S A. Psychophysiological
evidence for impaired reward anticipation in Parkinson’s disease.
Clin Neurophysiol, 2006, 117(10): 2144-2153

Masaki H, Takeuchi S, Gehring W J, et al. Affective-motivational
influences on feedback-related ERPs in a gambling task. Brain
Res, 2006, 1105(1): 110-121

Yao Y W, Liu L, Worhunsky P D, et al. Is monetary reward
processing altered in drug-naive youth with a behavioral
addiction? Findings from Internet gaming disorder. Neuroimage
Clin, 2020,26: 102202

Wei S, Zheng Y, Li Q, et al. Enhanced neural responses to
monetary rewards in methamphetamine use disordered
individuals compared to healthy controls. Physiol Behav, 2018,
195:118-127

Zhao Q, Li H, Hu B, et al. Abstinent heroin addicts tend to take
risks: ERP and source localization. Front Neurosci, 2017, 11: 681
Kim J, Kim H, Kang E. Impaired feedback processing for
symbolic reward in individuals with internet game overuse. Front
Psychiatry,2017,8: 195

Becker M P, Nitsch A M, Miltner W H, et al. A single-trial
estimation of the feedback-related negativity and its relation to
BOLD responses in a time-estimation task. J Neurosci, 2014,
34(8):3005-3012

Zirnheld PJ, Carroll C A, Kieffaber P D, et al. Haloperidol impairs

learning and error-related negativity in humans. J Cogn Neurosci,

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

(83]

[84]

[85]

[86]

2004,16(6): 1098-1112

Ko CH, Hsieh TJ, Chen CY, et al. Altered brain activation during
response inhibition and error processing in subjects with internet
gaming disorder: a functional magnetic imaging study. Eur Arch
Psychiatry Clin Neurosci, 2014,264(8): 661-672

Dong G, Huang J, Du X. Enhanced reward sensitivity and
decreased loss sensitivity in internet addicts: an fMRI study during
aguessing task. J Psychiatr Res, 2011,45(11): 1525-1529

Park M, Jung M H, Lee J, et al. Neurophysiological and cognitive
correlates of error processing deficits in internet gaming disorder.
Cereb Cortex,2020,30(9): 4914-4921

Paul K, Vassena E, Severo M C, et al. Dissociable effects of reward
magnitude on fronto-medial theta and FRN during performance
monitoring. Psychophysiology, 2020,57(2): 13481

Balconi M, Venturella I, Finocchiaro R. Evidences from rewarding
system, FRN and P300 effect in internet-addiction in young
people. Brain Sci, 2017, 7(12): 81

Balconi M, Finocchiaro R. Deficit in rewarding mechanisms and
prefrontal left/right cortical effect in vulnerability for internet
addiction. Acta Neuropsychiatr, 2016, 28(5): 272-285

Clark L, Boileau I, Zack M. Neuroimaging of reward mechanisms
in Gambling disorder: an integrative review. Mol Psychiatry, 2019,
24(5):674-693

Gola M, Wordecha M, Sescousse G, et al. Can pornography be
addictive? An fMRI study of men seeking treatment for
problematic pornography use. Neuropsychopharmacology, 2017,
42(10):2021-2031

Luijten M, Schellekens A F, Kuhn S, et al. Disruption of reward
processing in addiction: an image-based meta-analysis of
functional magnetic studies. JAMA
Psychiatry,2017,74(4): 387-398

Garavan H, Stout J C. Neurocognitive insights into substance
abuse. Trends Cogn Sci, 2005, 9(4): 195-201

Soder H E, Webber T A, Bornovalova M A, et al. A test of

resonance imaging

dopamine hyper- and hyposensitivity in alcohol use. Addict
Behav,2019,90:395-401

Volkow N D, Tomasi D, Wang G J, et al. Stimulant-induced
dopamine increases are markedly blunted in active cocaine
abusers. Mol Psychiatry,2014,19(9): 1037-1043

Berridge K C, Robinson T E. Liking, wanting, and the incentive-
sensitization theory of addiction. Am Psychol, 2016, 71(8):
670-679

Perales J C, King D L, Navas J F, ef al. Learning to lose control: a
addiction. Neurosci

process-based account of behavioral

Biobehav Rev, 2020, 108: 771-780



2022; 49 (10 EER, % PRI AR A 2R 50 TEREA R B AR AL E 1909+

The Neural Mechanism of Reward Processing Deficits in Individual With
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Abstract Internet gaming disorder (IGD) is a neurodevelopmental disorder characterized by dysfunctional
reward processing. Recent studies combined experimental techniques of cognitive neuroscience to explore the
neural mechanisms of IGD, and the existing results seem to indicate that the neural basis underlying 1GD
resembles those of drug addiction. However, the conclusions of the current research are still controversial. The
differences were not surprising for two main reasons. One is that there is evidence of specificity to reward
processing of different types, which means gaming addicts assign higher incentive value to gaming-related cues
than other rewards. The appeal of game is that instant and unexpected rewards give the player a thrill that is hard
to experience in reality. Besides, the stage of reward processing is another important factor. The game player can
learn the game skill according to the feedback of practice again and again and achieve the upper level, in this way,
reward processing can be decomposed into two phases: reward anticipation and outcome evaluation. Reward
anticipation refers to the emotional and motivational states triggered by reward-related cues, while outcome
evaluation refers to the hedonic experience when rewards are obtained. Thus, this review has compared different
types of rewards and discussed different stages of reward processing among IGD patients based on the existing
researches. We found the hyperactive reward system of IGD patients in reward anticipation may be associated
with attention bias, emotional experience, and craving. In contrast, IGD patients show blunt activity to primary
reward, especially the outcome evaluation. In order to conduct a more comprehensive and in-depth study on
reward processing in IGD, further studies are required to eliminate comorbid subjects, use gaming rewards with
higher ecological validity, and explore how the impairment of outcome evaluation contributes to the development
of addictive behaviors.
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