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vmPFC %3 B A A-H . BLHE, FEAEIFHEE, HBFI 2B, WAL K EA I iEER I IR
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RH (fear) 2 N FIZN I BEEATE 262 —, TEA
ARG NP R A EENER . (AR, S5
HRAR G NI RiE 2 AR, Fln, o5
FEE, FE B0 )5 N R A9 (post-traumatic
stress disorder, PTSD)%— &5 & LR . Frld,
MR ITHAE 4 )5, AT R B Fhd
a7 “KME—5E, 5 RIRSBGEITEE R TR
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EAIE, MINFIHE B2 0 A B A 27 IR AR X 2%
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2 RERR R 5 R 2R = 5] B9 A KD R 42
P

2.1 BIEZSEA G E A
RUHZ S FERVA 15 | THIR Rz AL AR TR
TN B . BT RUHEAH ST o i MR 5 R
HF{5 3 (fear conditioning) X} | i By Bt 1.0 BE A TN
MR HEAT RERF . FizEh, —
P8 (K 15 & F, conditioned stimulus, CS)
504 AR R (nd i, unconditioned stimulus,
US)ECXF 3, ffi CS 345 T 7l [ e 2L AE 50 19
REJ1, FRoMRUHE > 15 (fear acquisition)”, > 15 RLE
1) CS Frh CS+, MERBIBHNEL; 7 —4AKE US
VERECHY CS FRh CS—, FRZ M. M5, CS+
HALY US B ML FEE R, AMEXT CS+
P REAEL B2 IV 38 o R A, BV A R AR (fear
extinction). BLANS  CS+AHALL B H] 38 (/N[5 & =]
FO)ARIEHED US AT LAG R RMA S BB, W &4 T
“BUHIZ 1L (fear generalization), %M BFR 12 1k
Hili% (generalization stimulus, GS),

RYR SIS Z R I L T[] (anterior
cingulate cortex, ACC)FN T % X 1% 5 (Greco &
Liberzon, 2016); Fullana 5% A\ (2016)JC 3tk —
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UESERME 3] 131 [E] ACC . MIRTAI I FZ /2 (medial
prefrontal cortex, mPFC) I fij i & f% )2 (anterior
insular cortex, AIC), LI XARAMY 72 X 8k (4t Bl i3
X . B AMUET A A7 )2 (dorsolateral prefrontal
cortex, dIPFC)FIBZHGT ) . J5 A SCBR A4 v i 1)
ARG (CS+ > CS—); 1 76 WU T9 P 34 . 1L P Al
R & J7 JZ (ventromedial prefrontal cortex, vmPFC)
/e g B R I TS (CS+ < CS-)s

AR 1R 2 o s BT S R B B,
FEW K5 BT AL 2 58 A O B R X 3R —
BOBGE, AR SMUETHIHT [l (dorsal anterior cingulate
cortex, dACC)Fll AIC (Fullana et al., 2018; Tovote
et al., 2015), Ml DX 55 97 I 5 250IR 25 AU AT S
EWR, GRS R SR BUS R, 1A, 2R
HBHARRY, KB EEEIBELER
(Greco & Liberzon, 2016), JHiE 12+, #He
TSR A IC A AT A9 3 T 5 R E T 1R 5 S 00 i X 45
(Fullana et al., 2018), HH' vmPFC J2& 12 % 42
Y — A B X 38 (Greco & Liberzon, 2016), 1624
G B2 O VR 0 S0 R 55 A 3 AR % gl
BT LR (BN S 1R B B 215 2 28 CS+, TNifE
HERHBERERED K, BEWHBM CS+
(extinction)5 AR IHIRAY CS+ (un-extinction) Hb ),
€ dIPFC LA K it B 5 A 19 DX 4800 4 2 0 — B0 8
Wi, —FhAI RS2, 7EHB MBS dIPFC 57
THIR22 2Ry vmPFC EA 2LV A (BP9 ) Bz
BT R, 5 —Fh Al ag 2 B 123 B iE IR e 42
(FHXT TR ) S BRI T dIPFC (Fullana et al.,
2018),

b ZLEIZ 1k, Webler 4 A (2021) 5 FHIZ 1L 6
FEERFT R B IRZ AR (GS) S CS+HAHLEE Y
I el /b ) i 32 i T (U 5 ) PR R G O, TT A
Mres R Y GS 5 CSHUFILEE S naT, otk
5 W 2% (cingulo-opercular; fLIE R & . dACC.
Fe i) BT (dIPFC MU BPAR B2 )2 FNTHC T /i) |
SR A — Fr Jil DX i X (i B (Locus Coeruleus,
LC). /K& i Bl BT | MBI 5 D)0 3 ik i
TE BRI 2 X 2% (default-mode network, DMN)AH
KIS (vmPFC | 5y ] A 8] FIA
% B TR
22 EERFZFFHEIHFTL

FEREARBZE A, 38 5 3 A A [ R A A
XA, A NG AR S IEAR (rapid eye movement

sleep, REM) I )% HE R (slow-wave sleep, SWS)FY
FIZF o RIS & S 5 4 B IR %1 25 (8 52
B PP A R R AR, ek 24 /N R DL S
b 7 B AU A ik 450 T P ) 8% (85 - g J22 AN T
IPN74) (Ma et al., 2015; Javaheripour et al., 2019)
1. 25 W 4% (salience network, AIC il dJACC)AYIK
% (Ma et al., 2015); Jf H- S EU 0t & 2 Y fe i
4 (functional connectivity, FC)%= Fllik 1) i &
W/ (Mukli et al., 2021); #4873 DMN N ¥ %
%, BRI M 25 56 8 P, DMN BASST i L HAE h
LT JE AL ) Z W] ) 2 T ¥ (Krause et al., 2017).
BEAMHE R 1 3F (3 A B e, #EORAET, O
5995 FO3hAT X 88t dIPFC Fl ACC &880, 55
F0H7 Bz )2 FIVBEL A 238 0 (Krause et al., 2017).

AR AR [ 3R 2 2= oF B BOA 0w 2 AL 7T %0
HEBEHM . dACC, Wl . BIX (dIPFC.
AR AR R JE AR /N ) L K. DMN W 4%
(vmPFC . dIPFC FifE B85 YA o ] It B AR 1 2
AT BB IR I 2L i X ARk, TR i R R 2 3
2.3 BEERRIZFXIEF SRR
2.3.1  BERR R FIGRMIA DG

IR A %1 5 J A (A% B0 358, vmPFC 1 31k
55, A -vmPFC PJREEH0 5, RMH 154
i (Feng et al., 2018; Jung & Noh, 2021), 7E{#FE A
JBFFEH Feng % A (2018) % BLAE 24 /N 5E 42 MR
FZF)E, BAEIFEB, F2F MR HR 24 B0 A 3R
PRHD B SR 09 32 UL CEMEL T 43 ) R UL (B K R R )
MR SR o SR T RN R I (2015) 257 8 48 S W 3h
TR FE AN R HR 3 35 400 5 T 2R I 15, RN AR
B2 5 R B /DB B S B (Pinho et al., 2013), Hf
FEE R IE 1 B R R S W 5 TR A
TEFE S, Pires % A (2016)Z5 1A 3h ¥ BE R F1 £ B AH
KW FEAR & B A A ES A B, o FH Bl A 1
TEAk B B %) 25 5 8 IR 2 ) 1 G R e = 1) A 287 4k
HA) i I o

HFE SRR 45 3 5 LR 5 (Pinho et al.,
2013)WAHFJ&E . Jung F1 Noh (2021)F) {51k
i AR” (inverted flower pot technique)Xt &
W R BREA T M R 0 25, & TR AR 340 35 IS ) KRR
TEZMA S R B T 2 B s N, ARE ST
TR, PSS ST 45 308 I T e 2 TR R Bl ik
B 2% 5, Pinho % A (2013 )3 I (4 2 HE 1 WL AF KRR,
P51 L KR SR B B AR A E Y 22 &
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M RME )5 . HOR S AL B TR], R ORI BIAE
T B R S B B AN ), T Y R R e AR A
HARFIZF 09 REM BEIR KB, {H7E Pinho 55 A
(2013)BIF5E P 2y o8 2 4F 72 /NI REMR . PR A
S5 A — it 1T R 2 R IR B B S S B0
2.3.2  BEERFIZFRE 55 R IZ LE

TE R A T T 3 18] ) 25 B R, ¥ 5 A
G AZ B, X RMRICZ LR S, AR =2 S T
TP RUE R R 5 (B2, FRYE, 2015; Montes-
Rodriguez et al., 2019), Montes-Rodriguez % A
(2019)58 4= FIF HEME Wistar K EFE R ICAZILE
S531R] 24 /INFREIR, BELIBT 178 S RS A A TR DG 1Y
c-Fos {&gl, #1% T RYEEMZKZE; 1l Jung Fl Noh
(2021) Xof M P R B 7E REAR ) 15 5 K <F 48 /NS
REM HEHR, &I 5 % AR RGA R
S5 R7 G T RESE RN REAR B BE R R T3, A
HE IR, 1) 2 0 5 XoF 12 0 M IR ) 255, T 1% I8 B R 2 22
5042 YLIE AH 5% (Pace-Schott et al., 2015a),
2.3.3 EBRISFSEDEHRZN

RO IR A B ARR 2F, FEOHIR B,
RN BT 2 157845 5 I 2R MERR, & B A B s 2
R IR B B 5 %o J 25 7 PR T 1 R R R 8 TG
% 2% 5 (Straus et al., 2017), {H AR 3 25 2H i (X L
TC P ZEIE B, T FR 2 T MR 3R 38 R
IR P2 X B I EL IR0 3 e e iR ) 20 2H 7 1R
ICICAZ A, CH B R ETE T R M2 B B AR 3Rk
WRIEAR 3 [RA30E A 4% . dACC . ¥ T i
5 RUAR 3R 2K I AR A1 O K X (Seo et al., 2021;
Steele et al., 2017) P HEARREIZFH F 2T IR, &
FHOHIRAEIR, RMICAZ AR IO 5w P AE L B B
A, THiRAE ] )5 58 2R IR T IR S TR
A2, T B R R 25 20 45 1 R AR 2 TG . 2
225+ (Pace-Schott et al., 2009; Straus et al., 2017),
2.3.4 MERIRFIZFEEIEZL

RMEZ AL BT BRI RIRF, X 22 4 R Y
ISz ALFR 5, . Zenses 2 A (2020)f H 1 fL
VB €S, CS+HI CS—RIFAZ A ANES GS. 1E
12 /NI BRI SRS 5, 22 4 038 3 Wl T ¥l 25 v
FXIRA; H RPN DA vmPFC 19
P B AT X BEZH (Lerner et al., 2021),
235 ERIFWDEFZIAEMREZIMERS

B EE
3R B R ) 2 X RV RS ST R ) G BN — B

B, SR R R AR S B BE R SR . ST AR R
S VE Y 2 U (CSH N 2 L (CS) 2R«
BT LAY R IR # 2 )5 vmPEC . i T35 Shiei 55, X
CS— W55, HImEF L, X CcS+
F A CS+5 CS—22 R, R A
REEHE: ISR AN R Z 0 . (AT
T, M ISR 25 5 W 9 5 D RS A A% 0% Sl SR
PHIIZILIE, A & e i TLIE S5 B 2 BB B
2B AR A U 55 CRVELEAZ U R B9 FIR) o
HRZ B B X GS 5 CS+H-£ 5, 1Z AL TTHEAR
FIZF R ERPILIZZ I, BT RERD CS Id1e,
X S+ AR X CS—I I 385, B HR 2 (14
2 5 FAE TN Z TN Ry 2 2 4 ) B A e
B LR, AT S SR R 17 1k (Zenses et al.,
2020),

ZE LTI, AR 25 5 ma RE ST A | TR &
AL F RS vmPEC 15 3, BHARH S A
BT REE B2, 8L 42 2] 32 5 TR 6 gk
o0 g L AL, DA e ML = AR m i, AR R K
SR Z ARG L T AR O T B B B B ) 2, )
EWE TR AN SRS, HARMEIEZ®Z
o SR R HIRAS i) o B3 10 A S MR AT) AR T A, T
1B 715 0 PR AR K 2 S BSOS 28 4 o K A I I B
(Schenker et al., 2021), if /& REM Bl HiE 225 S5
FLE ] 154458 (Menz et al., 2016), H T S0 i
I AS i) 5 B (R RS 25 e R 1% 3 e RS ) 5% i 2R AL 2
TN 2 LRI 58 SR T PRI A, JFAE I IR
o 543 40 FE 2% IR % 15 £ % (Insomnia  Disorder,
ID)FHSCWESE, e R YT s AR, e ARk
WF5EJ7 10l

3 REBR A [E) B B & i 2L 1R = 3] B A &N
HREZHLH

il FI A 10 717 26 10 12 (0 45 A DL [T RN Ak 31 (He
et al., 2015; Murkar & de Koninck, 2018; Schenker
et al., 2021), A% HE P IR 3 (non-rapid eye
movement, NREM) Al [R 3 (REM)REAR 2 BBt
2 B By HomRsAE L, 940 REM BRI 5155 451212
4 B LI AN A5G QU055 1 R B+ (PTSD)
BFE PR T REM BE IR 565 (Murkar & de
Koninck, 2018), AIBE2HZ REM il IR {5 25 {4
56 b AN L T 5 EH RS #p B (Schenker et al.,
2021). 1fif NREM B HIS 5 15 3 R HIR (SWS) 545 > [
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MR PR i 2 (an F 44 B ILIE A8 & (Schenker et al.,
2021). JIr LARE AR 25 B BEAERVIE 2 2] ha] Be R H5
ANFER, T SCH I A0 DRI 58 B3] 45 B B By B AR
R 2 5] (R RS T
3.1 IREARFNEER

ok B NSRS YA SE IESE R B, REM HEHR
YHE B B EE, RHEHHEER
(Hunter, 2015), Jf H Pace-Schott %% A (2015a)#3 45
DL () 1E B F & 5 81 )2 34 K (positron  emission
tomography, PET)WF5E &l 4% . REM BENR AT 5514 2%
X B AG L F 2] | GG IFRs B R 2 J2 R 45
A7) L 37 TR S5 0% R R, T 55 30 % X ) 4 VR R
FET A4 F dACC) IR (14N vmPFC Filii
EGIX o I i — 25T REM B AR AE 2L H A
A EBVER .
3.1.1 PUERRZHEERINFIAIE S B

= REM HE IR ST E 1 28 0] B B I
RUE {33808 . ARYE Lerner 25 A (2017)% 17 44 4
R BMSEIF T, & BARME A4 > 22 Hil REM BE AR
AR /D, ZAE IR )t AkGR, JF H REM BEAR
ORI g1 I G o= = A H R RO Y %1 b
vmPFC #EH R MAHC, FW REM HEIR AT GER)
b 7 A A5 R AL R DG I o 28 [ (B o B VRS, X R
S 1A R B VEFH (Marshall et al., 2014), % {4 g
iR Z5F Hp Al 6 vmPFC XA A, 5 30RL E
I3 AT REBE R R M B Z REM B AR AR 1Y .

e L2 L [ B, REM B AR 25 38 of
BHL % 31 2% Bz J2= () Ty e 32 42 i IR 2R e 12 L o
Rosier %5 (2018)f# Fj A sh 1k )7 ¥ (GE id EEG #
EMG it Z S5, MfM%] REM MEIRAT, &%
5T BB, A R I R R R Bl Ok M 1 B
WNTERS FERVE AR SR 6h RIZ5/N R REM B
i, JFFEZ:>I )R 1 R 30 R/ RMEiZ. &
I REM HIEHR 3 25 23 40 F I B I012(30 K), PRHUN
H 0 B 2 2 1 S B /b, i i ) X
CAT X IR M 442 RS ) AIE 5 Je )2 VR 2
TN . X RIS S, REM IE AR 225 0] fig
SR S X IR 2 ] W D AR I AL, DIRRAIR
ML R ARIE BT, AT B R HIC 12 32 40 .
3.1.2 RIEARZNAEAR(E S EE R

W E, ARSI & B REM [ AR <5 S 5
HHIY R 2% 2] 745 . Hunter SR 56 AR”
(inverted flower pot technique)#|3F Kl 6 h REM

REAR, RD2E BB — s E, BEE
— AR KR, LA A K E AR 7 eme 3X
Pl OL T B R BT L3R4S NREM BEHR, {H REM
WA TT G BT AR AR A8 [k 254, AT 26 11 REM i
Mo K%y 39 h AT iR IIZE, MM RKERIEIR %
>] %45 (Hunter, 2015, 2018), < I ol 28 BEAR, 4551
S REM BEAR, 2% 451010 T =B R e i %
LM, fH 2B Z AR e AL A 5T, BRI TG v
FE A5 S8 A R IR ZF — B, KR TR R L
IR, T BOHR 2 > 2.

Hk, Wi JE B REM MERR 3 s - 4% |
& . dACC TE 3, W5 mPFC &3, MIHLE W
BIE1Z . Menz %5 A(2016)i8 3 43 R sE 1T, T2
BT IA R A ZE 0 AT 0 H 2 SWS
F 5, HAMRAHEA REM BEIRK B, MGk
Bt, REM BEARKY B H B ., 1 SWS RS
RUME S A5 R JR AT R IR RN, 7E58 3 KitfT
12 o G55 % B0 e S 4 MR 1) 2 21 R0 10 e IR
H(FETT AR HE 3.5 h, SRJG AR, HDH & SWS ik
HR)TC22 5, I HARE AR 2 PSG & B FT 2 76 Ik AR
SWS 5 25.5% + 8.0%, REM BEHRJy 13.5% +
6.8% o WCANIR 2 LHAFTE 22 5 T B0 SWS HEAR T3
IR . TR E T SWS ZERUE 8 22 4012 DL E
WA S AR o SRR B T I DI 4 (BE — K ),
REM HiE IR ) 37 20 (ZEHT 2 08B 3.5 h, SRJ5 MRl
B[l REM B IR 3% Z5) % vmPFC FIAY{ 4% 25 B H B i
PRI, X A S I8 N /i R 2, THAREAZ 32
Bl I HRIEMIES PSG RIJE KK SWS it
9 10.0% + 9.2%, REM FERR N 28.9% + 10.4%. X
AN 2R FEE REM HEIRSEAR.
Seo FE A (2021)HF 5% [F) A 9 5 1F 5 ik R R 52 42
) 2 S G P R EL, I G S 1) (5.0% 1) > 15 1 B AR
JE R, IR e ARV R, BDRR G T
REM it l% A4 Bt ) 7R A~ S0 3 vh 22 90 T 2 1) 2%
PR IR0 5 dACC)ITE AR /D B T IR KR (AR
R 2 BN, X UL REM R IR s /> S B E
Fekn, HRICCZ B, AR IR AR REM
G Fsf £ 396 0 3 T LA 34588 T 3 |/ 2L Bottary
5N (2020) % BLAETH IR 2% > FVE R 2 B B =22 [8]
I, RS 5H E4 REM HEARG 2 CE
Y REM IHE AR 32 25 M ) K B2 w2 T AR 12

M5 ER, REM BE IR AIRVIE 24 5 (A5,
A1 REM AR5 R 5 4 I AR 1) 25 %o VL 2 )
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FREHLE IS, Be= REM  HE AR D) 2 401 i)
vmPFC 13l1, A A0 G5 T R H > 13 155,
THIRZ 2. BIIGRIEIT 5, NARIE S MY
B AT H & REM BRI o PR R 1 540 3T 4 31645 /Y
I01245h, REM BEIRIEZ: 5 T 408 5 B G BA
FREEH . A X S 2 DL i A RAR 1 iE 12
#1921k (Genzel et al., 2015), #3255 REM MEAR AT
i 17F 78 1B TR £F & 72 1k (Pace-Schott et al., 2009,
2012; Moore, 2017),
3.2 IEKEERR(EHEEER

2 5 REEIR A0 1), K 8 5 1 2 A B RN e 12
I A S DX CAn i T /i RE A& R 2
LRI . S5 X . . ACC HE B )2
(Magquet, 2010), ¥ W57 2418 I IR 5 22 4EL 3
B2ESMBE R, B ONE B 2 2 1S sid g fe
FFACAZ (B an, SR B ) T LA 18 I8 i HIR 3 1)
38 33 P IAE [ 9155 S5 BB A5 (Hauner et al.,
2013; Ai et al.,, 2015), DA dFR2METER . iRV HE
TR X AR DI 25 2 2B Y PR e AURE, X Bl me A
B2 1B M3 S5 4K (ventral hippocampus, vHPC)#
fit(Marek et al., 2019), It LA7E 2 i1k R R RLH 2%
STIAHDCHEGE Y, EZEICH SWS X MR H IR 1 5%
m, JoHERT mPFC. &4 . BENIER.

1 U5 B IS A0 ) A7 2 AR, O i
50 B AT R A, N A AR YL E R
%4215 B o Hauner 55 A(2013) % AE A SWS
19 18) B 55 5 H AR 2% A R (CSH A DG AR )
MAE R IR, 54EEA CS+ (AN —Fh R
PRy CS+, KRGS EZ)MLL, Bir CS+&
B M S ETHE . ACC I 5 A 236 ) T B
IFH., SRTRREE T H 54 IR R 15 R 3 5
FAEE, KX BNIE DR R EE S . XL X
T 5 HAEE R R S1K . WIRKE)
ARV IZ R IB(ACC, i &) P —8. W
BEAE SWS 11 ] £ BE MR > 75 i 5 5%, T fR e
AMATEIR . FEOZEREE: DRES CSHHEX
4DV T A PN MELTE B U D, SR T S5 0 AR
FHIA CS BSERTCICOANTTR B bR CS EH B gmis
REEFE; )T EE R, BT
HAs CS Mo axigZ, s seig 2l CS i
XF () THIC 2 (Wixted, 2013) o [7] B AR 418 1 347 52 J2
(hippocampal-neocortical dialog) % I ¥ if: i 5
TEEN A B, 5 — A R AE BE R I iL sk 101,

A AE NREM BEIRWE A HGEIZ . Hidtz
79 R EOE I, AR AR B R B B s T
TR h R B, DA A AR AR 2 A B8 35T (Magquet,
2010). HOAN SWS A7t 2T IR & i TRk 2
BRI D, SR EBER CSHFHITES
PG, MEEA DR THNZ2E NI
[T, T 75 A P i X AR T AR A L BV E R K

25 LRTIR, 12 I R B B B X ZME T IR W
BRI . T2 5 38 78 MR IR A 5 038 X R #RAE,
ST LA T £ ECRE VB A5 i 17 98 e i 55 9 BH P 2L 1L
BFWIE, 7T LAk S 76 15 R A A% Ge i 1 1R 9T
IO R G (| N R e R 2 iR T EVA B
Mg, fRA MRS RS, AN
o LR Cs R SWS R AR HE IR 22 5 KISk X
5%, FTLAT] AR SC 8 AE SWS BE kT, 4552z
SR SWS 5 Y . IF HBCA SUE BERR ARG, 4N
SRR A G, 25 B BB AR T & E A b, B VR
W13 5 0F B MR IR A JC 25 7 (He et al., 2015),

H HTF Y O A& A% I AR By B AR 2L E 2= ST h &
YR 1E H (Schenker et al., 2021), {HAR/DA 5T 2
PRET AN B B 11 B IR 5 3 A0 o] 52 i RV 22 )
IR SR W5 55 2 BRI 45 Rl R o B v 2R 2% ST 1y
YER B B 2L, IF BaX A H % Ssl R A 428
TEURFRATT A 07 1] FH A AR R 572 i 2R 2% ) RN 2 42
>, LAk o BE4d R (Davidson & Pace-Schott,
2020),

4 IR Rz

B B AS A2 2 A1 2 1 500 G B LT 449212
BY L[ 1 72 (Tempesta et al., 2018), HZEJRMR, £
JEH PTSD Z [EAFAEARK LB 3L 17 5L (Baglioni
et al., 2016; DeMartini et al., 2019), X} T X JERL
PPN BIR Y7 H R B BRI TE o PR TR
BV R RS B . PTSD MR, LA S Qa3 i Ak
IRAR AL GE Y 2 BRI 1k
4.1 KIRFER

2R HIR AR5 B DX ) 5 1 0 T B 2 R B 386 o
ZHE R KR, FEERE . AR, G105 . BRIagE
FIRR SCP 9 T 2 30 AR T 3R 2 2] Fnic A2 R o
Z WL )55 H (Colvonen et al., 2019; Diaz-Roman
et al., 2015; McNett et al., 2021; Stickgold &
Manoach, 2017; Wang et al., 2015; Yu et al., 2016),
SR P S FR, AT LAGE S 0 % IR B A8 K
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9%, FIGREAUAE R EE & LI, A
SETAEAE B 25 BRRE 4 1195 BEAAE £ E 1 XU (Seo et al.,
2018)a 34N PTSD B Ay ] g

Bottary (2020)i# i WF 5% S MR R, I 5 HEAR
EF AL, KRR R R TR A R 15,
FEREARMEEER . AN, Seo (2018)i i X R
HBESE, KIAETHR 2= 2], RIRGLF %A
A fk, T A L BTG T RVARL T 1B A 6 Y IX Sk (1
o, Bt dACC 1 vmPFC), #RM7EHIE F1253
R rh, S MR 2 80T fat i 4 3 AR IS A9 K, i
B 4 B A 1T il 3% B0 HH MR T AR 02 9 IR 3R A,
] i H ) A5 g 2R g, T R BUR IRIR A 5 &
JEE A B £5 BB T PTSD.

4.2 MEBERMUETTE

TR RMEAR S ERIR T IR R R BRI . A
HI4T M T 1 (cognitive-behavioral therapy, CBT),
FT LU AKT BEHR 19 % . KGR A, BEAR 2
e oF B B I7 13 (Kleim et al.,, 2014; Pace-
Schott et al., 2018), P3S4 (Pace-Schott et al.,
2015b),

W e SRR AELE T AL S8 R 1 A S 1F 5 3 A Bk IS T
VLA MR V6 97 h R ¥ /E T . Pace-Schott 4 A
(2012 XoF e ek 22 ARL S A8 257 1 A0 9 K 00 R IR 2 %
WA B2 ok B 2 REARE /DN o Kleim 25 A (2014) %o i1 ik 2%
P R AR ) BT IR R IR R, fE 1 A
HIRETT Y, BEIR S5 E AR OGERA B B2,
S5O RRN S 5 F ML, AT 5™ 5 kA
INARE J) R REAR )5 3 o K Pace-Schott 5
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The effect of sleep on fear learning and its cognitive neural mechanisms
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Abstract: Sleep problems may induce fear-related mood disorders such as anxiety, post-traumatic stress
disorder (PTSD), and phobias, among others. Studying the cognitive and neural mechanisms involved in the
relationship between sleep problems and fear learning can help enhance the prediction, diagnosis, and
treatment of fear-related mood disorders. Previous studies have shown that sleep deprivation affects fear
acquisition and extinction mainly by inhibiting the activity of the ventral medial prefrontal cortex (vmPFC)
and blocking its functional connections with the amygdala, resulting in impaired safe learning that fails to
inhibit fear of threatening stimuli, thus enhancing fear acquisition or impaired of extinction. Further studies
have reported that different stages of sleep have distinct effects on brain regions associated with fear

learning; in particular, rapid eye movement (REM) sleep deprivation (insufficient) and complete sleep
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deprivation have similar effects on the cognitive and neural mechanisms of fear learning. Deprivation of
REM sleep suppresses vimPFC activity, enhances amygdala activation, and thus enhances fear acquisition. In
addition, reduced functional connectivity in the limbic cortex disrupts fear memory consolidation. In
contrast, the slow-wave sleep (SWS) stage facilitates fear extinction learning through target memory
reactivation, which allows the hippocampus to re-code threatening stimuli and accelerate the consolidation
of new safety information in the amygdala. Future research should be conducted to further the study of the
neural mechanisms by which sleep affects fear generalization and the effect of circadian rhythm disruption
on fear extinction, as well as clarifying the problems in the translation of animal sleep studies to human
sleep studies.

Keywords: fear acquisition, fear generalization, fear extinction, REM, SWS, sleep deprivation, insomnia

disorder





