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ARG 25 T2 R A% O o TR 25T 2 4R
AR IE 26 0 KA . RS 5 33k i in 52w A o A
(Gross, 1998), AZSHp K#AEA IR e TR AT
1% 2% - 47 5 35 (Gross, 1998), VAR i 1 FF 85 (1) B
Ko Gross $2INLLT 5 MG 48 g, ALIE1E 5
e W RABIE . RS N E PRI
(Gross, 1998), HHAFIHE IF(cognitive reappraisal,
CR)FIZIA I (expressive suppression, ES)J& P F
UL IE 25 T R (R, SRR, M, R
fnfe, 2014), CR & — F 46 47 OC I (antecedent-
focused) Y SR W, &8 X 1% & <F A %) J 0T RS, 2
ARG 45 I N B T ES W& — A s G T
(response-focused) ) S W, S FE 06l 5 1% 28 S AH
F: 4T M (Goldin, McRae, Ramel, & Gross, 2008).
fan, AR RAUEAR A X &8 T ik A C AR 2L
AT K e 1 — Pl , X PR EE & CR; 1
PR ™ 3 ALY 5 IR B TR, 23X A i 1 45
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LA, MEMAESEBTFRIEE, B THRE
T Tl I35 & 1 1 SR S 22 (1) 22 SR R T LA S ) e O
Z LR YE T A ph A O o — 0 0 W 5 2 3 i %o
TG4 B R B2 7 BLiE AT CR R ES BFAGZ:
TGSk, TRRPIRNE 4508 R Z ] 5[] o 45
R, PARIAR 28R 1T SR A T34 5 i B B
RGN 215 2 e BEAROC, 46T MU FT A K 2
(dorsolateral prefrontal cortex, DLPFC), Fij+1#H7 J&
JZ(dorsal anterior cingulate cortex, dACC)F1J{E PNl
HAM JZ )2 (ventromedial prefrontal cortex, VMPFC)
(Giuliani, Drabant, & Gross, 2011b; Hermann, Bieber,
Keck, Vaitl, & Stark, 2014; Ochsner, Bunge, Gross,
& Gabrieli, 2002; Ohira et al., 2006; Phan et al.,
2005) T 55 9 A A7 28 ) 5 SR M RH O il XA — B
&, FZ2He G R WoR TN L AMIET%R - R BT
(prefrontal cortex, PFC) . IE4MI| PFC . fixi & . #Wint .
M-Iy~ #2Y5 CR (Buhle et al., 2014; Gross,
2015; Hermann et al., 2014); J&ZMUEi &7 0 5 5 | %5
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A DCRIE VR I 155 4 0 SRS B R 2% 20 A - R B EEG Al ERP HYTIESS 13

T WA %S 5 ES (Goldin et al., 2008;
Lee, Dolan, & Critchley, 2008),

W MG 2 AU AT B S A7 28 0T S A 25
R CR F1 ES 4 2J 1B A -5 i 45 #4 A B BE i G
FR, NI DX O R BT A AR 1 2 R T )
AR . 25 & B, CR 515 SMI i 46 i 12 2
JE P PEC | 5 DU HT 17 K )2 A A% i 4 i A2 Ak
A 5(Giuliani et al., 2011b; Hermann et al., 2014;
2013; Scult, Knodt, Swartz, Brigidi, & Hariri, 2017),
M A PEC . FFONRTFATY BJZ . F M PEC ., %
b [BUF AN 5 i 254 25 4K 5 ES #H€(Giuliani, Drabant,
Bhatnagar, & Gross, 2011a; Hermann et al., 2014; Li
et al., 2017; Wang et al., 2017), 4k, J15H:A# H
CR 5 AZ 0% Jk /4 2 (Drabant, Mcrae, Manuck,
Hariri, & Gross, 2008), ES 5 {45 i 1 T 54376 14
JINA & (Pan et al., 2018), MAh, &I CR )2 15}
PN S dACC & IE A K (Giuliani et al.,
2011b), I LR BS 55 P00 45 i B o IS v
/A e (Hermann et al., 2014), 35k 5 K FL 2 (6]
L IEAH G & (Giuliani et al, 2011a), eIl A 55 3
TR0 & B ES 5545 P 25 F BRI X 45 114
4 JRy KR B M (Pan et al., 2018), % & IR T
XL LR Y ELAR, 875 T ES Sk M4
AR A K AR o

g Lk, A&, CR A ES X P Fh g 26
TSR (0l AL R A AR LR S Hos e R
T X P AP SR B AT 8 A T R B BT L
FUHT LB SR X AR 25 T R EEAEAL, H
T R R B SRR 155 245 9477 1 TA R A R il
HORAE EEG W Z B CRHEATHIGE . I, 4
TR PR 28R A 22 6] R0 2 R AR,
A NI B P 91 7 B2, i — 20 0 PR SR g
WAL R F] o D3 ok, DRI 2R 2 58 R 52 AR
TN RE 550 A S R DI RE R AR bR, AT A
{44 5 437 (event related potential, ERP)FPAl il i —
BN R A 286 Bl o (H X Se A S R 5 R
FERES EEG W Z R X R BAE LMW . IT4E
RO 2 A W 5T A I 3% T L 16 gl LA 47 o &5
e, 48 7R K N TR IS Bl 6 SNz i A D e A DG
(Karamacoska, Barry, & Steiner, 2017; Karamacoska,
Barry, Steiner, Coleman, & Wilson, 2018). & T 470
SURBY AR, AR TOR IR AR CR FES 1y
a7k, MG RNTEMERIER LR, BT
W, ABFFEAR B PG 25 08 # v S S A

2 A DG A i 1X.,HL55 T o5 285 308115 ot 28 0% Sl AH DG
IDIREm XA 2 R, XRS5 eI
ICEALREE S TE Y P

DTSR R, T AR 2 —
MR RS M EUMERN E R R G, EX DR,
BRI 7E R BARES, (R E WS AW g &, XAl iE
TEHAT IR B A R AT REOE VAl A Bl p 3, O
TR RN R 7% M X 52 248 O AE H ) (van den Heuvel,
Stam, Kahn, & Hulshoff Pol, 2009), #%% k it [X 1
Z[BIAH B R m i SORAS, A BT IR AT R D e i
IRR) 4% Py 5 Al R ) LA B R i DX 3 =2 TR A% 38 17 R i
#{(van den Heuvel & Hulshoff Pol, 2010). H#jAA]
R B DG 3 R T IR 1Y) 43 B ke BF 5 K G 1) 435 ) R
Ihe, 3K Fh 43 A A S M 2 H 5 S RO DX 38) F il
(X BR8] 7 25 49 B D g H0) A L B 22 M 4% &
2 U2 B FR F P B T DA a5 A ok PEA, e
D) 28 2580 228 3R s R i DX 3l =z ) A B A8 e sl 38 1) — e
FE S BRAE, AT T R N R 25 1) 42 JR DT E (Pan. et
al., 2018), R A YA G 1Y JE i (Wang,
Zuo, & He, 2010), AWFFEIY H AR 2R 5 WA 25
R SR W AH DG K R il P £ 22 ] 11447 J8. 38 3k
R, DB 25 Sk, e 00 SR AR
SRR A 265 T SR Y B R e R

igi 5, [l (electrophysiological, EEG)AYHT ] 5114
it 55 KM Bz 5t 3l S i 5 17 311 (dynamic postsynaptic
activity) ELHEEAHC, 1] DL E M &4 onik s, B
A5 %5 15 W B} [8] 43 B % (Canuet et al., 2011) . H. EEG
AT DADPAlT P R 5 08 2 M R I 3 A e ]
AT, DN A% ZRAE N 7E 1 DI BRIk X 4% (Pei, Wang,
Deng, Wei, & Yu, 2014; van Diessen et al., 2015), 7
Ah, Rk R FA A [R) 450 2% 1) [R) 26 1 3ok 52 3L T e,
HR A LA B 5% BRI 26 0875 v, AH DG EEG
5 R F AR WA, FEAETE theta YU [H N
(Balconi, Grippa, & Vanutelli, 2015; Ertl, Hildebrandt,
Ourina, Leicht, & Mulert, 2013; Qian et al., 2014;
Xing et al., 2016), ZHH EMERGE T UIRERE S
(25 2 —(Zhang et al., 2013), 57 1
15454 F(Balconi et al., 2015), HE S WLAE 25 94755+
2L (Zhang et al., 2013), ILAHFSE PEFE theta
A PR AT T AR 2 98 R I P BRI B A E AT
Y 28 350 %

F it B A W 5T 08 FH T e 1 2% 14 2L R (functional
magnetic resonance imaging, fMRI)F1%E 25 1777 7] &
AT, 45 &AL 10 55 MM PFC, #2HT
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52 %

I I 5% I N Y X2 (B R D RE i #E 55 ES 1Y
P 22 545 o (Wang et al., 2017), DIBEE IR
ANTR) Il DX 358 0 45 7 Pt 28 A B A 1 B B DG M
(Nallasamy & Tsao, 2011). & T &2~ 5N EIER
IR AN AH IC 1) T RE W 28 1Y Iy ) TAE 7 =0, ABES
SR 1 2 38 M 23 A 4k 3 5 7 i 4 R 0 A A
KM R DI REE#E, 73 AT U R 2 2 18] 1) 5[],
T I FRATT T it T AbeA7 4 9415 SR 1) 2 R Bk AL, DA
MK PP 2 AL S NG A 4247 ARG G
A Bl Tl PR S e A BRAE R Y 98 () I &1 e
T T SRR R I R 5 PRI £ R YR DG X 1Y
W28, I3 B HC Bt 1 28 18 77 SR 1 A [) GO
PRAG ARk S, G B TR CR A1 ES 175 8508
AAEPIFRICINIX . LPP — T 46 TR E IS 29 300
ms, JfBETE R A B B (B) R 22 (E AR, EF
g, DY, WL KN, 2015). B CR A ES IAHITE
LEPET R, LPP P iEI/>(Dennis & Hajcak,
2009; Foti & Hajcak, 2008; Hajcak & Nieuwenhuis,
2006; Moser, Hajcak, Bukay, & Simons, 2006), [ it
AW FEAE P RAG 2505 5 RS T LPP i, it
— BRI 1E 45 8 19 SR 5 NI PN A Y 2 R HE A
WRBCRZA KR
2 PR
2.1 #Hik

HAASE 41 BOERKRFERES M S, S
TE—AFaE R B R T, B aas i b AL 7R
Fo AW RSN BT, IR TR AT 1) Bk
WISE IR 2K, RAETM BRI FE EEG s, A5
TS N E 7 WEATE 55 . Hid 3 280 R 8
SRR R, A 2 2290 i T BE h i A 2 9k
k. FJF 36 AABHANE 17 N, L 19 A, 4
BT 17~28 %, FIAFERY 21.8 £ 2.5 £ AFHG
I 3B b o i Bl B AR A5 T SRR B A I s
FE PRSP 251G B0, 484 R T, ) T 58
B IEAL I I o AT B AT A 2 51 23 AL,
It HA5 44 w7 S B0 A28 2B F i TR 45
22 MRIAEMERF
221 REETIEIE

K H Gross F1 John (2003 )25 il ()17 26 94 15 ) 4,
A B TRV R ) BUERE T CR FI ES TRE
25T R K RIS 10 AT H, bt H
1. 3.5, 7. 8F0 10 MEIEDE; WH 2, 4. 6
9 W& RBAMd] . [ 7 8 Likert 5, ZOR

PASARIE A B RITE N 1 GERATF )R 7 (5¢42 )
BOXF AT H AT RSy o I A P SCRR RO R
4. A4 CR 4B N —SCE(5 B 0.85,
Bk 0.82; ES 452 1 N —BUE(EE N 0.77, &
WAEEER 079 (£ J1, WifE#E, P, 1,
2007), a4 C et Iz H(FE 4, 2T, K
I7, AR 2012, ZERAL, B, aRIESE, MIEE,
2010),
222 LIWRIHAES

A5 RH block &I E R MBS . 1155
A 4 FAL WECHHERF), WA R FA), CR
(FPEE ) Fn ES (P ). X TULE AR 55, %
SR AT B LA T R A L A, AR A B
AR R AZ . W CR AT45, ZoRPKEH i
ok R B8 S, R T B AR i sk LA
M7 S E A E R R o T ES AR 5%,
SR A A 2 s B A A i 2 sl

ARSI R FH P BEALAK YR S BIX 4 Fh AL 1
AHIFFE O RIBAT 55 645 4 4> block, 41 block fU4%
40 KE H . #—A block ik E H4H AL, 1E A —
ASTCNE 25 W FE LR KT, LIRS 56 I 1T 4% 4 ) 156 28 %800
B ). 7645~ block b, Bl e A AT
155 25 1T SRS I O T LE 40 sk Tk B R OWE
). S5 > block 43 31| R i 7E{f ] CR (T
TuPE) B ES (3 b ) SR w1 B0 N WL 40 7R 67 M
Bl R . BT ¥k B i EE 25 18] 7 & 45 (Chinese
Affective Picture System, CAPS) (H#lf, & ¥z, ik
R, 2009), CR &4 H1 ES S5 44 B0 FF A8 B 2k [1] °F-
iz, DA 3kt B 6P 4 P R b s e, DA
Ko R FH T I 4 91 3R B 56 I I AT e 2 g ) R
25, R BEAS AER Y . AN Sdi AT
R B R BRI S, T P R IR T AR Y
LY/ WNRFDI B o
223 LWIERF

K E-Prime 2.0 VSl L 56 A7, Fr
A il I B S, AR AR RIB R, B
TR AR B R o A trial FRARRS, 76 2A 60 5
e B AR S, FFSE 1000 ms, SRJE T EL
—A> 1000 ms KT8 FER (R HUHE, IAFIETT, &
KA, PRI KT, 7R ik R Y 5
32000 ms W o BRI, R A%
TR SN EWE T — K B o o8 T8 B il AE AN )
(AT 55 2830 2 (A1 S04, AR R 4 2 AU R B
FER SO AT gAY . REAME 55 2T B 6
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A NJHVEE DR K SR 28 VRN SR M 1 I 2% 43 AT . >k B EEG Ml ERP B9 IEHE 15

T FBOFRARHPIE, EOFRRINIE, 426
FRFBIA o TERKRE R RS, B 45
Hr A e B AT 1~9 SE 90T ) (Bradley & Lang,
1994) . S i i P 85 20 4> trial YLK E —
HERTUF Jm AR SR b A TS0 . S R AN 1 s .
2.3 EEG iZRFmLLE

K M 7% E Brain-Product 23 F] ) ERP i 5% 543
PrRge, %M 10-20 PRk iC Rk RGN 64 S HI
EYCHE EEG 55 . L R{5 50, AFz RN AT H
Hitl, FCz WZHE i, HIRT JIr & & iic sk
ERH(VEOG), UEUH 580 0.01~100 Hz, A/D 3k
FEIAC 500 Hz/ S, B FLBEAR T 10 KQ.
BORBOXEF G M AL e 7 b, PIRCRERVE R, [
JC SRS 6 43%h . FH Brain Vision Analyzer
2.0 AL T BEG £l . B ESHER NS %
HL AR HERC R (REST) EIRE 2%, REER[E R
256 Hz. ffi}1] 0.1 Hz #4 =i JE S 4% A 50 Hz 19 {ik il
Mg ARXS EEG BAEHEATIENL, R M7 85 o0 A
SRRy, SR 5% EEG B i g 2 B — Bt
PEAT A BE, R £150 pv B R 5 S HERR 1E
SIS PRI . PR IR BEG Bl T 5 2
I3 o
2.4 INEEEIESRT

Sy T 2 1 A R Y S R AH DG Y 4 dl
PEMG DX, AR AL AR 23 B3 e, 1 W J2 S i 1
(standardized Low Resolution Brain Electromagnetic
Tomography, SLORETA) (Pascual-Marqui et al., 2011)
Xof TR A B 1) Sk B R H D AT 1 A7 A 3 3 P
Br, B B E LA (Wagner, Fuchs, & Kastner,
2004), A5 % ] sSLORETA #4785 A 40, il
T AHA 5 75 8 (phase lag index, PLI)#EATi%
MRS, T8 %S [E] T B S AR AL [R5 3 A, AR

1000 ms

1000 ms

P 52 ¢ FI IR i "%"ﬁﬁﬁ%@?(Montreal Neurological
Institute, MNI)FR AN A FR 58 AT S8 & 55 X 8 i,
T PR E AL 64 S LR A B 1Y MNIT JJTKE SCRE 84
AR X IRAE 19 5 . 6 PLL W] DU 2 B
A IR 2 25 LR ) BE O MR TP AG P i R)
(Stam, Nolte, & Daffertshofer, 2007), #RHE T A
MHHE] FE B (AR 22 Ag(ty), k= 1-+-N H1 3845 PLI:
PLI=|<sign[sin(A¢(t))]>]

PLI AYFEEIAE 0 2] 1 Z (8], PI15 501 PLI i
TR, ST ORI A DR DX 08 2 ) P A D e A
PLI A] A3 %A I 2y 8 X 28 19 52 B A fk (Canuet et al.,
2012; Fraga Gonzalez et al., 2016; Pagani et al.,
2012), FATESITE theta S5 (4~8 Hz) Y 84 4K
PR DI ] 1) PLI B, Ay A el 1 JE [ml i
AL A 45
2.5 Elgoh

Kl rh, [R5 R0 25 2 S 5 24 R e ey
Rk, BRI B b R K X2 8] F
A HRAICR B —Fh i Bk (Pan et al., 2018), ABFFE N T
ARAT PIRE 25 IR I 2 RH DGR DX A Y RUBCR, T8
MATLAB H >k ] GRETNA (graph theoretical network
analysis) K417 B 184381 (Wang et al., 2015), il
TSR R R 2515 31 84%84 DI REEH A 45, T”FH
19 (L A AH O L [ T 53 AR F A B, 45 31 — gk 4 G 1)
o T AN 8 B2 A A [ 32 422 2% B B0 i
IR, R b — A S TR 050 9 P 68 {9 T P o B 1Y)
2@k o A BT T L £ Y B (ELVE B2 0.15~0.85
(Arnold, Protzner, Bray, Levy, & laria, 2014; Langer
etal., 2012),
2.6 ERP HiELE

X AT 55 Hiki P BCHE R A T B 4 A A, 1A I B i
N 24 Hz, RHMSTLITo3Hr LBRIR ALY o B

TELEHM
TEXTR 24T R v e
BEITER(1-9)

TH LR
TR AT
BEITH(1-9)

B AR BT 55 19 S B ad R (LA IR AT 55 1))
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W B H—200~2000 ms, FZ Al 2 HAT 200 ms,
AT R KR S5 20030 o PR L+ 100 pv F AN
Phate B B ER o XIS 4 i H R R A T AL B
SR RE TR ERP I st AT & v, AR
P ST SRS H 1, I (F3, Fz, F4),
FF YL (C3, Cz, C4)FITII(P3, Pz, P4)AY 9 A-HL kL ik
17 8. 1T 4 M1 (Amrhein, Miihlberger, Pauli, &
Wiedemann, 2004; Langeslag, Jansma, Franken, &
Strien, 2007; Langeslag & van Strien, 2017; £ —24,
JASEW, #hEE, PG, 2007).
2.7 HXSH

T A5 3 5 DA DY R A A R A G 1Y P RE
HEHEFN M 28508, IF i — 20 BRI PR 7 4 79 5K
T I 2 1 ASOCR S i EOIR S T R R 2% H RS
I RR, KPR theta T T Y 84 A1
0 DAY RRROR, AR A 1 IR DX 22 (]
HYFRAL T 5 TR 2P AL, 20 5] 5 17 4 DT RS R 3F
53 LA K LPP e BRSO SC 73BT o b 1 T8 B P 31 R A 1
BRI, R 1 ) R AR IS 4 O P B (Wang et all,
2017), Frfa 45343647 2 E AL 59 Bonferroni ¢ I1E .
HAIEA BT 8] GRETNA 58 5

3 4%

3.1 [EIEHER

5 245 87 [0 45 B A 0 R 1 49455028 : CR
4 30.14 (SD = 4.20), ES 5 15.63 (SD = 3.24), CR
1 ES M AES i EH AR B E (G = —0.126,
p=0.47),

e

v

y

CR

3.2 IhEEERE

NP R HE— 1 84x84 BYTHREMAEIEF,
7056 AN AHALES 5 8 BUE 51 25 5 P 43 i 3R
1R VEAEDG, 115 theta S N 5 CR A1 ES AHICHik
X Z (Al D) RE 4 2, I LA R 15 26 181 SR 2 (]
B SR . FRATE T 45 b T £ 8 He 3 Bonferroni
KIE, - HESE W E M p < 0.001 LR, HL#E 1.
J T CR ORI ES S0 ) BE 4 122 i X5 1 7 b
I H Sk, {4 BrainNet Viewer il H ik [, & 2
i
33 TEHE

GRETNA A5 HT & R, theta ST 19715 B34
RSV 0 R0 B E MR X, 45

%z 1 theta 3575 NHEAMLHFRRIZS CR #1 ES £ %
SEENEEEIZERX

lCEARE

ns i IX. r P

R ot it (i )R (BT 0.63"

Iu1 /2 18]) (1R-46R) 0.00049

105 25 [l T [ /280 e [l /
Jiki &% (35L-47R)

105 £ 55 (8] = T3 - (T30 [
(37L-40L)

BT [ml /850 [l 5~

. 0.56™"
ES 5% 1] (47L-36R)

105 X 25 [l T [ /280 e [/
Jiki &% (28L-47R)

5T I/ v [ /i By v
2%[0](47L-35R)

0.61™  0.00012

0.60™  0.00014

0.00046

0.55™  0.00063

0.54™"  0.00082

™

- \‘\\Q

mm@mm@)
& /\' ”

&'J/

" ™ p<0.001, Bonferroni £ 1F .

22 ey | AR
/gg,-;g,z i AR/
@ \/\\ 1 /

BN 7

p
» A B35 [

P2 theta BfF T ARALHE S [F] 20 5 CR AT BS (O BRAG TH8 o (R 25 0 55 PS030 D20 ) R 5 I 35 A D RESE 4 I X (p <
0.001, Bonferroni ££1E). Z£EIFR/RTE theta Mty T EEG 155 58XAY CR #4700 5C 8 2 Y D RE I X, 47
FORAEZBUN T EBG 155 5900 ES 747040 5C 2 25 i) D RE i HE N 1X o 21 (0 40 S 3 3 0 M A B 1 & il X 2

6] D B b B ) 25 5 155 4 R 1 15 0 B 3 R ARG
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Fz2 theta S FTHAEMES CRA ES EFN/HXEZHNRX
CR ES
i X r P i IX. r P
T I [ (4R) -0.517" 0.0016 T Il /880 v [/ 5 (47R) 0.36" 0.034
Tt H g Ji5 [m1 (3R) -0.43° 0.010 RIAR T K2 )2 (6L) -0.34° 0.044
i1 W (25L) -0.35" 0.041 PO 45 K22 (11R) -0.34" 0.049
" p<0.05 " p<0.01, Bonferroni £ iF

fE%g%ﬁﬂU}félE
2 e i/

. Y, ﬁﬁurﬂuﬁay&ﬁ@

CR

/

/\ ﬁ Egﬁ ﬂ)bB‘ZE’

(4\ ¥

)
o X
/i ’/// \\\ EmmT@/mq:@/m&,
S ”\ m@&}
/l,—/
ES

Bl 3 theta A N7 S%0%K 5 CR Ml ES OB & (B4 RATT BB RBIF MM EEZENRX (p < 0.05,
Bonferroni # 1F). Z£EI 7R theta S N5 s AR 590KX0 CR 15/ HC B E MK IX, 5B RR theta S N5

FACR SRR ES 1
r%r, R R T 4 A DG I 2

WU 2, T HFEMHEI LS CR A ES B #FAM
T 5, i BrainNet Viewer i 1 i [E, W&l 3
B o
34 LPP

Fr A WO B ETEWE h ik . WA bk
HIF GRS A SRR RS LPP ki ani&l 4 fr
o ARG LIFERTE, BATRA L 400~800 ms AY
LPP Jixi FL 3% 8 #4773 #1(Gu, Chen, Xing, Zhao, & Li,
2019; Shigeto, Ishiguro, & Nittono, 2011; Varnum &
Hampton, 2016), 4 Fl 55 {1 () LPP i f#E1 7 FRL R R
TSI R LA BE 25, F (3, 140) = 0.897,
p=0.445,

GRETNA 5GP A B, A 50 FIAF e 11 A
P AR, 38 T 5 Bl R 5 2 R T SR e
WP WE h PR LPP P 25 S8, 43S
theta MU 4 il X 22 [7] F) 2 6 322 42 1 0 288 80 A 7
FSCIHT, KB EMIX, 4528 WEK 3, K4, K
5 M 6,

4 g

4.1 INREFERE
N THRZ CR FIES PR IR 28 9415 S0 14

AT G A 38 R DX T v (B30 A7 3R 7R X O ) A 5 7

S, A RN R R S I S 2

A RN A RHAIE, S5 PR 26 )8 15 SR R IR 3%
RZEIBER T EEG M@ rE A, it
Hr RO CR FIES KIGE M N LI
LPP R4 TAF5E

A FE LA T XoF 551 28 I8 55 AH OC T fE M i
XA R TE s AT R0 . anlEl 2 B, DhReiE4Em
ZEIR KB, FE theta W7 T 5 CR OB A5 4340 ¢
b S 1 G DX A T e e S (R RD & R LR 8l
5 ES /0o B 5 A5 0 AH DG I 25 B 1 DX IO [l i
8 o VR 55 [ R Rl ][RI, ARBFRES

y — B o BIAM
s - == AR E Fllilies

e P 1A

—IZO(\){I 2100' 1 \ \ \ \ I l ) )

LPPIE(pV)
[\S)

B4 WU A o TR ORI ] G A
F, fEF3., Fz, F4, C3. Cz, C4, P3, Pz fil P4
AR Y S A



18 i it 2 i %52 %
3 LPPKIEFA theta ST THAFGERSHEXEZHMX
CR ES
i r P i X r »
T B (20L) 45 | 1 (8R) 0.66™" 0.000016
T T 5% 0] (37L)—fF &5 5% [1] (37R) -0.72"" 0.0000014 T 55 0] (351)—HF £ 5% [1] (36L) 0.64" 0.000036
i I =] (SL)— L5 5% 1] (34L) 0.63™" 0.000057
zgﬂggﬁiﬁmwm“”mm 0.60" 0.00015 T T 2% 8] (36L )~ _I- 6] (8R) 0.57"" 0.00034
rh e J5 A1 (3R)—% | W1 (8R) 0.57"" 0.00038
90 I 181 (SL)—ifg 5 5% 5] (28L) 0.56™" 0.00043
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Brain network analysis of cognitive reappraisal and expressive inhibition strategies:
Evidence from EEG and ERP
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Abstract

The ability to regulate emotions is related to psychological, social, and physical health. The two major
emotion regulation strategies are cognitive reappraisal (CR) and expressive suppression (ES). Research suggests
that CR produces affective, cognitive, and social consequences that are more beneficial to the individual,
whereas ES has been consistently linked to more detrimental consequences. Although an increasing number of
studies have begun to focus on the neural mechanisms of different types of emotion regulation, there has not yet
been systematic research on the spontancous brain activity associated with CR and ES. Resting activity has been
shown to predict performance outcomes, highlight the functional relevance of the brain’s intrinsic fluctuations in
response outputs. However, to date, there have been no studies to explore the relationship between the cognitive
process of emotion regulation and the brain's resting EEG activity.

The current study explored the neural mechanisms of spontaneous brain activity during two emotion
regulation strategies. Electroencephalography (EEG) enables direct measurement of neuronal activity, allowing
characterization of the intrinsic neural cognitive network. Thirty-six college students (17 males and 19 females,
aged 17~28 years old) participated in this study. For the first part of the study, EEG data was collected from
participants with closed eyes; EEG collection occurred for a duration of 6 minutes. Neurological studies of
resting state EEG have identified the predominant role of theta waves in determining cognitive control effort and
behavioral performance. In the current study, source localization and graph theory analysis revealed that node
efficiency was significantly correlated with the two major emotion regulation strategies, and there were
functional connections between brain regions in the theta band.
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Then, in order to improve the reliability of the resting result obtained above, a within subjects experiment
was carried out. This experiment required subjects to watch emotional pictures under four emotion regulation
conditions (watching neutral, watching negative, reappraisal negative, suppressing negative). The Late-positive
potential (LPP) amplitude was obtained when viewing the emotional pictures under the four conditions. LPP is
an effective physiological indicator of the emotion regulation effect. It allowed us to explore the emotion
regulation effect under different emotion regulation strategies, and the intrinsic functional connections and node
efficiency of the brain.

The results showed that the habitual use of CR was significantly correlated with several brain regions.
Specifically, the prefrontal cortex, anterior cingulate, and parietal cortex. Moreover, the brain regions
significantly correlated with the LPP amplitude under CR were the parietal cortex, prefrontal cortex,
parahippocampal gyrus, and occipital cortex. The brain regions that were significantly correlated with habitual
use of ES included the prefrontal cortex, parietal cortex, insula, and parahippocampal gyrus. Finally, the brain
regions that were significantly associated with LPP amplitude under ES included the prefrontal cortex, parietal
cortex, parahippocampal gyrus, temporal cortex, and occipital cortex. Thus, these findings reveal that many
brain regions are involved in these two mood regulation strategies, including the prefrontal cortex,
parahippocampal gyrus, parietal cortex, and occipital cortex. In addition, the brain regions related to the
different emotion regulation strategies differed slightly; specifically, CR was significantly associated with the
anterior cingulate cortex while ES was related to temporal lobe and insula activation.

In conclusion, the results of this study indicate that use of CR for emotion regulation is associated with
activation of multiple brain regions including the prefrontal cortex, anterior cingulate cortex, parietal cortex,
parahippocampal gyrus and occipital cortex. On the other hand, the use of ES for emotional regulation was
associated with activation of wvarious brain regions including the prefrontal cortex, parietal cortex,
parahippocampal gyrus, occipital cortex, temporal cortex and insula. Node efficiency or functional connectivity
of these brain regions appears to be a suitable indicator for assessing the effects of the ES and CR emotion
regulation strategies.

Key words emotion regulation; cognitive reappraisal; expressive suppression; functional connection; graph theory





