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KRG e . 2R E JRP T 40 S22l 5 4 5%
BUle 3 S e s sl N DR Lo Y VA 1/ W L IR ¢
( chronic stress ) & MMATERA 1] ] N HF 2 2 55 T
NI TS | A 1 — R AN RREe A BRALC B 0 ( Rom
& Reznick, 2016 ) o 5 @MERIHCAN ], A8 M0 M
TR TR Syl e, XA AR A= BRI B
FEARTRIERE A, I ] RE R E S A A BRI B ) AR
KIAFEAE (McEwen, 2017 ) , 4k1M5 | A& 0564 #ie
Jog S P AR R S AR (White et al., 2024) . 18P
PR PEAL AR O R, R B R R
( perceived stress scale, PSS ) PRI L& i PE ., A%
SRR, Tz N S HIE . RAFEO R
W 2R DA R R S e S M, R DA
NIRRT AR B R TR, CHE AT
RHUEIE A ARG R IFAS ( Cohen etal., 1983)
(RN NN E i 0% N /3 Y I N PR 7
INPHAT I RE S5 A HIAIL TR 0 A7 2 TR 58 7 A TR L 52 i
( Corrone et al., 2021 ) . WFFE R, 18 M0 %5
B AT R 3G e AN E M PSR e T A2 P VA O
( Mudra Rakshas et al., 2020 ) . KWLk, e
PRS2 S QT , RMAERE ., K ESL
R LS (FRPD4E, 2019) o HEPUR

LR T BRI TR TR SR T B G R AR R 1
BF, 6P AE XU AT PRA O SO AT RE SR AR, W
FHI S0 A AL 45 22 AT 4R AT 55 (Towa gambling
task, IGT ) I ERALAU XS 55 (balloon analogue
risk task, BART ) .
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( Buckert et al., 2014; Reynolds et al., 2013),
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e 3o 45 R MR B BB MR AN s MR SR A TR
AT AET IR VE DA, PR
FEATEATEE R R PRI 22, HHAR G Mkt A
SRR B B R S0 2 WU Te A DGR A 2 AR S
SR, HE— AR RV R PSR R 48
LT, ABRSEAN [ 55 B P2 A T8 e R SR A AN [
R pILE] .

2 KU 1 BN AFE R R AR
R AR 5T B9 L %7

2.1 ik
2.1.1 #ik

AW 5T R R SCRR T3 b & 3% ( Perceived
Stress Scale, PSS ) fifiik 18~26 Z 1ER K4 ()0t
1100 A, M=1894 %, SD=99 %) , ZMREEIEAT
g% (EBLAE, 2023 ) LIRS PE 42 700 A,
WA 20 A i AR N7 3 o W25 43 AL 5 SR A
SN 532 N (5 189 A, Zetk 343 A )
2PN A 568 N ( BE 166 A, Lot 402 N)
SRR PR IR ) e — 3, DA A M R
BIEG] (58 2 4o~ .55 0 1) MbrdE, ETBENLEL
FEE PSR Lol P I B3 555 119 100 A
2, IRIEVERI AR 468 N (HbE 166 N, &
PE302 N) o RS, &, (K08 AL
PERHBIE 225 (x> =.12,p> .05) . IFa#
B A FRA T W JCE AR AR, Tomi e st
HAESCYORT 48 /NI YA AR AMEAT 254 . plskdaetitik
ZHS 5L, F—ma. SR Ll H ZHAER
—Hb, DLkl AR . e RiaE, gk
SAFHARARTH . ABF T RE P Lt VG g KEAAE BEZS By
S AL
21.2 M= TH

ARG R PSR S A3 (PSS) PPl
B 02 M R OK o % 5 R 5P i Cohen 46 A
(1983) %ithil, JEhAmER (2003) BITAEHT
FE BRI A, BRI 4405 H, B8 “Bik
B R AR, RAZEERE S BaTsy,
SATEFER 14~70 43 H SO R A BAFE L
[, &5 H 5B MECRETE 37~53 Z ], R
Cronbach's &« &% N .83,

A5 K H Bechara 55 A\ (1994 ) B39 2 fif
RS (IGT) RPN B IS AT 0
45 2R U EIARIE N AL B, C. D g4l

AT RIS BRI AR R U PRI PR A R s
Wets s R e R A, R IS SR A A A T 22
o AFI B AR s S CRRIES ) |, i
C 1 D K Bdnlices hiE (ARES ) o (E57F
ey, go A P ER / BURTE DU T %, 75
SOm ) SATHE A P LR . DR R 2
K HBATE 100 MRk ik PEA FIA (CHFID)
MR B ZAFIRLL (AR B) HREL, RV IGT 4
BN C+D-A-B) |, fENMFRA R
IigsiaiUE =L A
2.1.3 IGT i d bt

FIRASENT IGT A 55 th iR BRI R TEAT N
RIS HIETENLR], ASBFER AU AR 27 > A5
Al ( prospect valence learning, PVL ) X171 &SI T
AR HT (Fridberg et al., 2010) . PVL BEHIZERL &
{EERE A IGT s i i s R A e LA IR
R RE S ] 41 ( Ahn et al., 2008 ) , JZARIfD
TLUT WAL OSEL, RS N E D
il o TRIHREM ] | 27 > TR A e — Sk«

FEARZ%L (shape parameter, o, 0< a <1) : %
T brad 1k A L pR A5 Bl RO I 2R A AR o
Moo BT L, PSSR ERLERR; Y
a EE OB, FEMEHGETHRA, Bl Fin
R F S TS

W HEESEL (loss aversion parameter, N, 0< \
<10): ZFEbRH TR AR P BURFE R 25 5
BRI S : OF N HEIET 0, RIAHFEEILFA
TR, @ N N LB, R SR
FIALEEA Y s D2 N EMEEL 1A, R R e
TR RPLOIALEE, 20 MR 4 2k DO R
ko

IEHZEL (recency parameter, A, 0 <A< 1) : %
FRbR I e 2 %, RIAE 46 8 i it 28
5 5 A AR S BC . & R SR e
R I BE R, HLsS R R (R =
BRI OIS, SR

—EZS8 (consistency parameter, ¢ ) : 1ZIRHR
R BE R S 2 B — . m—BES 8
FUI T i ) T RE BRI BB = n A, i Ha R
WRIHE ;AR —FPES BRI T SR 45 R
BUPE, RIS T W A vk, Skpesk
BHIRREAT AL SFER
21.4 SCERARS ST
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BOXBA LI E T, HIRELHIAE eIk
2010 4350, JHEES IMERDE R sci. B, Bt
FEVHEAHL e s SChRE Mt i (PSS) I
5., #E, #lIr G T IGT ik, ApFoTRH
RGBT, AR PEREOK, AR
HON IGT (E55 R M. IGT (55T R iEF (R-
4.3.2) PEAT AL BRI A, DASRIU R AILEE ( loss
aversion ) ZECHEFER

W R B, i PR Y IGT /B E KT
RASPER A (1=6.96,p <.001) , FEUWLF 1, #K
PEEAWIFE (Brand et al., 2005; Lawrence et al., 2009;
Stoltenberg & Vandever, 2010) , IGT {45 HVHiT 40 4
TR LS WIS, TS 60 /MRy ) 3= 2 S ik
AR . TR, TR R B, i
BRI B, . AR PR e

SEYIRBIGEHF KT, e = 3.79,p <.001;

22 #ER s = 6.56, p <.001,
F 1 SANEMERGITR
g R AL M (SD ) AL 40 M (SD ) t p
YN i 20.23(6.20) 19.07 (5.96) 3.01 <.001
B gl 34.30 (10.99) 30.89 (10.01) 5.14 <.001
C il 21.84 (6.88) 23.45(9.18) -3.15 <.001
D g4l 23.64 (8.13) 26.60 (9.62) -5.18 <.001
IGT 4%k -9.05 (20.35) .09 (21.16) 6.96 <.001

E—2, WKAEE FH IGT 24553871771 ( Buelow,
2015; Danner et al., 2012; de Ridder et al., 2014; Voth et
al,, 2014; Wu et al., 2013 ) , AHFFEHF 100 A RKAR
P SEES I RRR 73 A X (block ) , RS IX AL
20 MR (trial ) o 35 RS XY IGT 7344,
FEXF s RIS TN I A S MSTREA ¢
g R B, fEXP— (iR 1~20) r, WA
PR RRA TR EER (=199, p>.05) .
SRIMMIX B — (3K 2~40) FFUR, &, RPN
WAL IGT SR (K™, =378, p<
001; XH=. =521, p<.001; XBPU. =535,
p<.001; XERF: t=552, p<.001) , EiSHER
Y IGT 3805 0 AR TSR R (WL 1)

FIRAIRTE IGT AL 5 h i B 72, At
FIEET IR 2= I B (PVL ) XPEEIEAT T4
M1 (Fridberg et al., 2010 ) . DIAEAYE H A DU 240

6T 41

~ -
AN

U*1 =R 1@[%’&)‘.‘2%(%5?&%& IGT E%;::F'E"]iﬁiﬂ h
EARAR R, D, RNy A&, T
Mann-Whitney U JES 8k 50, 4R IR, TEIRSEL
(o) . EHRZSE(A) M—BESE (c) MW
T2 5, MRMRESE (N ) FEMZH
A 22 S 0 2, R o TR R 4 e L S 5

®2 PVLERSHIES. RIBMAMAPIXILE

e PR A I A p
TEIRZEL () 53 52 > .05
ERZSE (A) 67 1 >.05
PRHRSH (V) 2.06 2.53 <.001
—HWESHE () 26 24 >.05
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FART AR A, WAk 2, K 2 AEHE R,
PRABARI 2 N (EHRT 1, BB AR gl
BB ILREA T, R P R R A AR R 1Y
FUREAS QA P R A, RV IO R SR A AN
SN E BB B AR AR

3 LI 2 2RI A HE R R RS0 :
BESMINEELLEL
3.1 ik
3.1.1 #il

AT AR ABHE IR S, WIRFEARAE
WIEEI 18 ~26 8 (M=19.1%, SD=287%) ,
ZFEARSHEY 1 (R BARST . it PSS 18
PERHOKT-, ARSI T4, iR P dL P
WA, BN 340 A RHERS 5000
Mro Hdr, w168 A (B4 84 ),
TAHERRA 172 N (B4 86 N) o FrfigkikA
ARG I TCE RS, Toha i sk, HAE
ST 48 /NSFN R IR AT 259 . DRSS S
12, FURSERRIS AT AT 55 5 EA T T B3
fMRI F4ffi o ABFFTREF LG REFAS PR B 2 o
R
3.1.2 MRI FdE RO 34T

B A #%387E 3T SIEMENS PRISMA 9 #§{% i 5¢
BT 8 A F EAS DI RERL LR L& (TMRD) H
Hio PR, ORI A IR RS Bk
&, IR SRR TR RGN LETE B, IMRI
BAE R 22005 10 B2 [ 51 T %74 ( multiband
accelerated gradient-echo EPI sequence ) K%, Ml
7ok 2, HARE 240 Nita] S 8, BiRS 50
. HEME (TR) =2000 ZF>, [AY%HHE (TE)
=30 Zf, B (FOV) =224 x 224 =K 2, Fif;
fi (FA) =90°, J2%=62, =112 x 112, 2
J2 =2.022K, JZREEEAF (Dist. Factor ) =15% (B
JZEBE R 32K) , RERN=2 x 2 x 22K 3,
BEAh R AR i £ PR B2 [ )7 41 magnetization
prepared rapid gradient echo, MPRAGE ) FRHUE 709
R TG, S5F : TR = 2530 245,
TE =2.98 2P, FOV =224 x 256 ZX 2, /3 H%4E
M =448 x 512, FA=7° , F5 =192, FE =10
2K, SR = 1100 ZF0, AEK/N=15 x 5 x
12K 3,

i B A fMRIZCHE /) AL BE2E T SPMI2 B F

A BEE 7% 82 T EL4f ( CONN; Whitfield-Gabrieli &
Nieto-Castanon, 2012 ) . i 4b ¥ 37 240 55 DA T 2
B et AT U SRR E RSk S, B
DARTEL J7 44 EHEbrif A3 MNI152 %3 [H] (ICBM
2009a JEZEHXT PRI ) , HFHERFERE2 x 2 x 22
K3 rPER, Bn i 6 ZA 4% E (FWHM)
AL IEA T2 [0 A2 Sk S R H Ath B 7 (Y
5200, K JH Friston 24 S 45 A ( Satterthwaite et al.,
2013) MIELSh 2555, I145 G aCompCor Jiik

( Behzadi et al., 2007 ) 3 —2 22 44 BRI A5 F13k 5)
i, A, i FD Power J7 ik sksh5 |
SRR, Ba, RTEURIET LS b
PATH BRAATERS o

PIAERFSE R0, &8 2S FALFF 8% S MK N

SR oA R, IR TR EE (.01~.08
Hz) YIPR5485B8 (0~25Hz) WIRRIE, AR
W T A CanAER DR ) RO, 18RRI
A AT A AR A A i DX 118 AR 2576 7 8 HLpe
Fefiim] (Zou et al., 2008 ) o ANMFFE T FAb %L
Pt BB AR ZE I A] 7 5 A TR A B AR e e
R, IR MEARMDIRE R, R
VEBUIRATE R (.01~1Hz) PR AR (EAE
ISR R % 8 ALFF B, 435I IR % 30 ( fALFF )
Bl SCR B AR A B P 18 D) R 3% AN B BE N Y )
L A (Jia et al, 2020) o )5, FASE
fALFF BUB ISP AR Z 578 AR 2 bRifEfk Z-fALFF
HFIReg i (WE 2) o ST 18 P A

( ventromedial prefrontal cortex, vmPFC ) 5 i fll] &¢
PRAEK (ventral striatum, VS ) FERSEIN T2 554y
EPAE S S R, ARBFFT e BCHAE My g
[X. (region of interest, ROI ) #17H5E, J&T LI
PSR C PR ZS AR TSE (Tom et al., 2007 ) , 7E
MNI bpifas [a] dr, 235 LLARAR (x=-4,y=6.1,z=
-1.5) F (x=-6,y=393,z=-84) & vmPFC fl VS
(L, B3 x 3 x 3EMERIE X, MES
25, $REBALERIE ROI 1Y Z-FALFF {H, Ji%
Tl A TSI AEAS ¢ R0 DA ik 2 [A) 25 R ) i 2
P,
3.2 ZEH
321 frh4h

PAgE R R, PAGHRTE IGT /145 KM A7

TEREZESR (i =-3.89,p<.001) , EEHERHH
() IGT 1M TARMS MR AL, 53200 1 AL R —
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gy
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P

2 fALFF 4B/kF Z &
®3 XKW 2 hFKIRTE IGT ESHHRMR

&
o=
8k

TR N IR

p
EIRSEL () 55 47 >.05
IR (A) 68 69 >.05

BURIRESEC (L) 2.06 2.88 <.001

—HMESEL (¢) 26 22 >.05

o BT IGT 5 A E s R 55050 1 —2L,
BIRIRSE ()  IEHRSE (A) FI—8ESE
(c) TEMAMBITC R E 2R, MRS E (N)
MRS RE, Wk 3,
3.2.2 fiARss

WSS AT M Es T R, PR ALl R P i 450
i (vmPFC) FEMIZSCIRIE  (VS) PIANESHERIX
(ROL) MybmUEAL S BRI s S 4k i (Z-fALFF )
fErelmEES (£4) , BIERME, @8N
vmPFC [ Z-fALFF {8 1 3 5 TR N A (1=
4.16,p <.001) , i VS [ Z-fALFF {0 2 K TI%
PSP (t=-4.18,p <.001) . &N MIFTR -
HAEEETAL At 2 AR PR i e ke B EH
MEMIZCRAE (VS) NRZ EREER 5 RE %G
MRS, S 5L ARE] . HE—2A
1Y PSS 43805 BN IX Y Z-FALFF (B2 [al 4 54
KAy, ZEAR IR PSS 15535 M R A - A L
A Z-fALFF HE2 B EIEME (r=.32,p<.001) ,
5 1 0 SO A 1 B A% Z-FALFF {5 35 7k ¢
(r=-29,p<.001) , VL& 2, iXUEgE R, 18k

AR, IMATER SRS T RS TR 2R i b
ZERAEMER, MR TGS WP RIS . X Fh
Z-fALFF B 228 W] e B2 B08 N MR TE R
55 T I L R P XSS, DRI RSP P 4 2K A
M ( Tometal., 2007 ) .

4 itig

ARHFFE B AEGETHE M O AN e PSR A 5
i K HARZe WU, 528 1 BT RREA (n=1000)
Ti8ds, KPim . AR AL TE IGT 12455 i)
POR BRI D E T m ISR AT i ) T
2R, RPN IGT HBCEMR, Hidmihe
55 Rt — AR N B M R IR PSR A 2 ML
SHS 2 55 HEASYIREEREIHRIUE  (rs-fMRI) £
WA, ST REAR IR T 3256 1 AFT R,
W5 A5 4 S PR s 1 M 7 38 4 vmPFC 1) Z-fALFF
02 = RIS MR 4L, 1 VS B9 Z-fALFF {51
BTSN A . XL IR MNAT N, R
BORURHLE] £ BE 38 7% 148 1 Ry 80 M D 3 o T ) EA
T BRI

* 4 WAMEERA ROl Yy Z-fALFF {EHL 5

VA x AR y AR z ABHR t H B BEW OPWEEME AaERZEEE
& AR -4 6.10 -1.5 4.16 338 <.001 .06 02
JE SR AR -6 39.30 8.4 -4.18 338 <.001 -.10 02
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Simonovic % A (2018) — ¢ T IGT MY W5
BB, WG TR AS R AR S L,
DRH TIEHIT AR, RO IGT
R o ARETEEI, TERDEAR AT T SR -
i [a] TAEREAFIRL , RIS XU TR AT A3
IGT 1353 F#AK, SRR F R ) S ECE S
AF|E#E (Pighin et al., 2025 ) o A5 A P A4~ 5E
AR R O (B R (N ) TR
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TR E PTRE R B TGN 1 X R 51 77
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HA T AR ( Busemeyer et al., 2002 ) HA &
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TR, AR T ARG T A e —E R, R
KT S, PVL BATAERR (414§ PVL-Delta, PVL-
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BAUPERE (Zhang et al, 2022) o ARBFFTL % HER
FHIX SERi AR DL ARAT SRS B 1A 7R R AIE
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HAEMI7 i AEEA—3PE  (Chumbley et al., 2014;
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HA AR, #ltn, Dias-Ferreira 25 A (2009 ) & ¥,
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% (van Leeuwen et al., 2019 ) , HIGshF&IKn] fEH:

7 e 1S R RSN A R BIN T RE S, XA
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Abstract Chronic stress refers to the sense of tension and loss of control that individuals experience when exposed to stressful learning and
overloaded work for a long period of time. It affects not only individual health but also cognitive mechanisms, impairs executive function and
autonomous activities, and increases risk-taking behavior. Stress and decision making are both common psychological processes in life, and there
are numerous studies on the relationship between them, but most of them are induced acute stress in the laboratory. However, chronic stress is the
closest experience to people's real life and the most natural type of stress. Due to the difficulty of inducing chronic stress, it is not easily controlled as
an independent variable and is rarely seen in research. Chronic stress can change the cognitive and emotional regulation mode of individuals, thereby
affecting decision-making behavior. The mechanism of its influence is an urgent mystery. This study can provide a new theoretical framework and
research ideas for neuroscience by thoroughly examining the mechanisms that chronic stress affects decision making. This helps us better understand
how brain responds to chronic stress and provides a foundation for future research.

In this study, two laboratory experiments were set up in college students. Experiment 1, the first phase of the experiment, used a large sample
to measure chronic stress using the Perceived Stress Scale (PSS), after which the college students were asked to do decision-making tasks. After
balancing the gender variables, the subjects were divided into two groups according to their PSS scores. The data of 1,000 college students who
met the requirements of the experiment were collected and used to analyze the differences in decision performance. To further explore the neural
mechanism of chronic stress on decision making, experiment 2 was set up. Experiment 2 repeated the procedure of Experiment 1, with the only
difference that Experiment 2 added post-task functional magnetic resonance imaging (fMRI) for resting state brain scanning. It should be noted that
although experiment 2 is a second-stage study, the subjects of experiment 1 are not the same group of college students. All subjects were exposed to
IGT test content for the first time, and took a 10-minute rest after arriving at the laboratory, during which no communication was allowed. Then the
PSS measurement was completed on the computer, and after the test, the IGT test was completed by resting at the original position for 10 minutes, and
finally the fMRI scan was performed for 8 minutes. During the scan, the subjects were instructed to keep their eyes open and stay awake, and not to
think about anything.

Experiment 1 showed that there were differences in IGT between subjects with high and low stress levels. The group with high chronic stress
was prone to making more risky decisions. fMRI resting state scanning was performed in experiment 2, and the behavioral results were consistent with
experiment 1. That is, chronic stress was proportional to risk propensity and inversely proportional to loss avoidance ability. In experiment 2, whole
brain analysis showed that vmPFC and VS were more active, and the significance level was .001. This result proves the control effect of vmPFC and
VS on loss avoidance. Further data analysis found that chronic stress affects loss avoidance in individuals by altering resting state function of the brain,
primarily in the ventromedial prefrontal (vmPFC) and ventral striatum (VS) regions, leading to dysregulation of decision making.

This study reveals that chronic stress negatively affects loss avoidance in individuals by altering the resting state function of the brain, primarily
in the ventromedial prefrontal and ventral striatum (VS) regions, leading to the emergence of dysdecision-making. Under the influence of the
ventromedial prefrontal and ventral striatum (VS) regions, individuals were more likely to avoid losses than pursue possible gains when faced with a
decision. This tendency can lead to irrational and unstable decisions, making individuals more vulnerable to potential risks and negative outcomes.

Key words chronic stress, loss avoidance, risk appetite, make decisions, brain mechanism



