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BB (fear) & — PR RIS, &2 NRAETIRIR
B3P (RO R SR, B AR N IS AR A A B R A
FHHEREMEH. AW, 4P E N BT R
B, FIRER B NEEREAE . R AN fa B RS
(posttraumatic stress disorder, PTSD)Z5 k5 #7505, X H
ol BN J it ™ BB ) BRI . SRR
fﬁ*‘i‘:meéPTSDJ** T g LR ZN AR A M RR

LFE S NRVE S 15 (fear  acquisition) ZE S [Z I [
(fear memory consolidation). RYMEICIZ L (fear

memory consolidation). RLIEJH B (fear extinction)&Fit
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FEUT RUIE 3195 DU FT 9% R 10 2% 1 1k AR ST 15 o 3t
fith, XJ B E N ST T %A R (unconditioned  sti-
mulus, US, W H)5 P41 (conditioned stimulus,
CS, W)L BB &) RIVCEC ISR, 45 MshPeEk
NS F R b aX A H A T C S it 2 3 IR 4% A 1
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PRAERGI,  82 S P aR N S8 56 1 > 15 1 26 A 1 2R R
RSB HTIRY, B AR, SRR I AR
FEE . RYPUREAN PTSDEAFAH I 48 (i ¥ Ak Je b & #5
FEHEREEH, JUHZRE R ERMA S5 A
R AZ I E SRR SPTSDAEZ UIAH . [, i
J5E IR L] ) 45 48 56 R G = R IR XS A RERE L R PEURE A
PTSDI{ITE A B R 1E T

YIRS i, A
7 [E R 2 A A MR S AR e e SRk
R AR P9 iR 78 R CAZ B IR I R R R R
BRI R 0 R B S A A
S R PO AT AU RN AN A R0 S
AR EE, BRI IZIREW KL R A%
(amygdala). & A Hi 4 (ventromedial prefrontal
cortex, vmPFC). 15 Al g & (dorsomedial prefrontal
cortex, dmPFC). AT $077 [ (dorsal anterior cingu-
lated cortex, dACC)AIP M FT M (medial prefrontal
cortex, mPFC). FAANMI T, van MarleZ: \P{afF 7t &
W, A ERERLEE R, %S ESMUET
A Al A AT A% S i ) 1R S 3 T RE O 4 0 FE 1Y
5 Schultz5 NP TR I, RARICAZ LR 7
o, BRSNS R ) D Re e R a; (R,
RUEICAZ IV E L AR, vmPFCAHITHT #1175 [B] (anterior cin-
gulated cortex, ACC)SEM X AyEBhIG IR, T SCRMAK
(striatum) X IR GRS, A1 EJACC, L
(Hipcampus)-5 i & (insula) 8] /) T 8 1442 5. 3 9 58, 1M
A S mPFCIH [ Th g 4 W 2 25 k5. 5170
KAMDWRH, vmPFCIE SR FE R 5 AMARE )
BRCR RIRE W IEARSE"Y, W% S mPFCIhRE
TR AR A R A 0% T A4 ) 45 5 1) 3 R K
S SchultZ MR, SRR I 1524 b, B
%5 A NN ETETH ) D) BE e B 5.

M R DA S HEEFIRG 581 < 5 2 o P 2R 1L S0 A5 AT IR ] oo 7
UKD, BEARFIZF S5 A% A IET A A
UG P00 7 00 P S 9 B A R AT T 18] T e R R 1 S
FLARUIR, T 28 R, e <F i 5s A%
BTG S, [RS8 Es 1 A A A% R R P 0 Fi 250 1) 2 R
BERARERY, S — T i, van der Helm®5 A\t
FORIN, ARG = T S5 I AR IR AT Dy SN B i ) A
A=K23ES),  [F) I BEAR SR Z 0855 1 A A% 5 PO E A
Dife s B, 5L — T ) R P 4 LR 12K (func-
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tional magnetic resonance imaging, fMRI)F 75 & F0, HiE
HRRIZF IR SS 1 Mk i) e AR, EvmPFCHR R
XY, T vmPFCTE 24 PR AZ IR R A% 45 8 15 vh R 4%
FEEAERH T, BT — TR I, HEAR R
LFA 1A AN N AT D REE R BN, BA
UEIRIIF, A AR & (0 D e SR 0, i AR 1 <7
G, AL S B D REEE AR S R ) 5
R PR H K R ELE ) IEAE G, BEFUE SRR,
B < w] RE A 5 8 P O e A A2 A% B BT R Y
VAT AR Y, I iE i S 45 2 A% R I P 0 i ek
I A ) < G Uk, T HLHAE S R k458
PERL. SR, AR R <5 Gnn] 5 0 R 1 3] 9l 7 v AR B
Lo B 1 Js SN2 DR e R ) <5 52 1 [ 22 AR AZ TR 1
FRZERLA FEANTEAE, 0 2 B HE R <5 40 ] 52 70 K
AN B R IESEAE R, T HRE SR
A (B K v 5 280) A0 B e 2 (W R PR ) 5 i I %
TEACAZ YU AR LTS IR ANTE AE . R, A 72k
AT AT SRR (rs-TMRDAR T 1T HERR 1 57 52
M) 2% A1 PP 2R P ) A A AL ) AN AZ DL T ) e 22 L
KIGA I FC I, JG407 [Fl (posterior cingulate cor-
tex, PCC), mPFCHJfALFF (fraction amplitude of low-
frequency fluctuation){E#;ALFF (amplitude of low-fre-
quency fluctuation){d 5 =, 1B fALFF{E £ ALFF
EEEAIS, 45 R I TALFEXS K #h 2235 2 58 9 UK,
1M HAALFF o] DLER ks il 5 A R i 2l 1) g v ARy
SR E S B R B ARE TE KN B RS 2 )
I T2 130 LG SRR TR 1 2 S IS K 5 R 3%
N REFHERR. Bk, ABFFCR A E R ASHIREOR,
PATALFF NFEAR, SRR T HEAR 3 5 52 ma 2R D AZ L
fi] () e B, R T e A S < B R AN A2 52 1) 175 28 T
TR AR FE 0, AR 5T T M AR ) 5 44 A
H ) 453 R o B R e U R ER A B S R i L,
TEACTZ LI, BEAR RS 2 3G 5 A AL IR 3, TS
TIEAN A FTI S, AR S AR A AR S
AR AR AR ST RCRAR G, THEH A0 e N
AR 35 20 7T e 5 AR E S A3 RUR A K.

1 MEETHA
L1 Bk
704K B R BRI, b EHI 4135 A
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(194, %164), x420.93%, SDN1.59%; HEARFIZF
M35 N(H24%4, L114), xN21.89%, SDN1.97%. Fr
BRI ANERTF, SO dE, MAsF eI IER,
HIBSIMASLLS. S50 45 15, AR & 7E 5258
(IR IRLE T AE L A . 7 ) B A A S B R ST 451
FIVsFE AR, BTl #RE R A 0 MERR ) 1 (R K
-8 hHEAR, A HEAR AL T-00:00 AM, FCPRE [A]HA
MF8:00 AM). AT #ik7E S hnscsnr— AN H WL
IRy Z 47, R BT A # R 7E S2 50 AT 72 hFIHEAN SLs
EFR AR LG FH o0 R R S B R e S R B
SR8, BIKAPR IR ZN S, 0T AR 3 5 AR i,
T FAA24 hiHEIR R 5 (3F — R F E8:00F 28 =K
8:00), T T A #2 il 4w 1o 5 — R Wb 7E 5K B I B R,
HBARE AN T-00:00 AMBES, 55— KA T8:00
AMRELIR, B RIFIIHERR &, HEBR T 164 R ETh >
73 7P 1) X (6 4 42 i At X 1.0 42 e IR 341 35 2H i),
DRl 1 A 544 9l e NAT S 23 A v (29 44 33 1) 2H 4 ik
254 BEAR R F A1 R); RIS HERR 7RSSR
SkEN K T2 mmBEL2 FE 18 8 44 (3 44 14 il 43t 1A A S 44 T
MR HuR), HERR44% BEAR S ZF 2 4 FE vh 5
PR, TR 42 4 Rk N i R A% 20 4 Hh (26 44 4%
il 2 A A 1 6 4 BB RIZF 2, 29 AT 244 AR 34 <5
B ARAE AR AT R E (3ANSDZ A1), Bttt
4044 Wi AN RH 9 3 A v (26 44 43 i 24 A RN 144 B
AR 35 44 0.

12 SRR

DL . 2R A IE 3 Fh 7 AR R S R (CSa+t,
CSb+, CS—). N T HERRA RN, H3FpE 7 HlE A
S AR 2R A (CSat, CSb+, CS—)PEMGRIAINEST T
A, A H A AR AT Ml (unconditioned  stimu-
lus, US)FIH PRI REAMGRE — M A & 1 o
J5, R 7 5 R AR SIS BTN AT T, Bk
B S5 B B AN T AR AEL AN A 1) oL o 55 E A A A A S 5
AR A AR S AR US>,

1.3 BHIEARMEICIZILEATE 55

A FAT P AR B AR S 2 2 AN 2 sl 4L, %o -F e
IRF AR, 2 — K5 E8:00FiALIR %, £ 24h
HIREAR RIS o, 25 KRB F8:00i3 4T 2 h 1t 248 ) 15
{125 FEMRIF 5 (B B AS LRER E252); 1 42 i) 4 g

T IF 5 B AR 5 P AT 25 A0 M R 1H ) 134T 5 FIEMR T4
(RS 1E EE2).

BRI BAMEL 5 A B E ) 15
AR AZ DLENEAT, AR AT S 1 2R )
RS HT, XHBEATS minf#E H S Rest1), 1EA
2k Fr S Abaseline, RUMEEFLLEHR)E, SLRIN4E
AR T8 minfIF B AT Hi(Rest2), LA EAS1E
N RECAZ DL L RN, s 4 A S T R
SE RO BRI SRS, RO T . RS
J7H(CSa+, CSb+, CS—), US A HL ;. XCSa+FICSb+5E
Ji543.75% 1585y smAk, BRI 43.75%[1CSa+FI1CSb+11:
B & Fitshock  (1f756.25% [ CSa+FICSb+K R H
d7), H TR S P S 3.8 ~4 sINFIA) BT 1T S,
H T RS 18] 200 ms), TMICS—JG B R A ARIREH
. SRR SR E, AP, A3
EII9MCSa+, CSO+HICS—, BA 4 77CSa+HICSb
HEEBEE R, DABENLAEME B, AR s
PLIEFBITING, 88110 s (GLEI18MNANH HL i (ICSat,
I8N LT fICSb+, 184NCS—, 1445 Hi il fiICSa+
T4 BT (I CSb+). X A [ Folt 25 78 2% - 2 ol v
(CSa+, CSb+FICS—)IB AT FT A $ ik rh AT T ~F 1l
B # 1 7E A 4 4 45 TR S 1B B CSa+, CSh+AICS—
(1) MRS E R FE AR 1~7 S 3R BT E e, HAEN
RARM WS bR. 10 H, BA SRS, 35 L kE
SCR, HAEARVARZUIaPR, R HEEE RS2
F FiBioPac B FAIEHLAHE I > Ag-AgCUN K, TE
e FRiRMds LR, HAEE R N R200.
DLRI 2 I0.5~4.5 s 10 Ve FH 36 2 1) 22 5 Dl K2 Ik HL Je
LK K SR AE 1 57k FELAHR T 5 AR, 48 )5 b DA Ak
it Lk K0T 380 17 B RSP R B I 4 A8 DS

14  MRIEERERA:

B R AR A FH HE PR VG P K 22 0 B AR L Siemens
Trio 3THIILRITMIAX. ThREBR(EPHE) IS FF 152
T8I 5138 1545 ik 7 5] (echo planar imaging, EPI), 1§25
HUWIR: FOV (field of view)=220 mmx220 mm, TR
(repetition time)=2000 ms, TE (echo time)=25 ms, Ma-
trix=64x64, [EHN32, EFE 4.5 mm, ERIEEH0 mm,
voxel wise=3.4 mmx3.4 mmx4 mm, flip angle=85°. 3D
15 (TG [ o = 248 2 00 ) ) 31 48 1 510 R A6 P [ 5 ok o P 371
(SPGR), & ¥ U FFOV=250 mmx250 mm, TE=
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l: W R0 4 41 -
IE W R AL -

night1

8:00

Time

24 h

AR 7 AL 5

8:00

e

RA2Z

8 min ITI6-10 s 4s

4s 4s 8 min

B 1 SEREEEMZREER)
Ac R REAR FZF AR, 28724 hiBEARRIRF J5, HEAT RAR SIS RIS AT 555 17 42 i 2H 0t 307 1 6 B FIR F5 AT AR SIS AN LT 55 B: 1 itk
ITELLF BATHE BAL, BEE TR RA SIIMES, R I LB+, F:4:6~10 s (jitter), BEHHINLEILCSa+, CSb+AICS—rF
B — b 2% F P T (0 SR A2 CSa+ BCSb+, H43.75% M BRBE fL o, TICS— 2R B KRR el BRSBTS e s, SLRIRTH A1

BEAT8 minfH B AR BE2)

2.52 ms, TR=1900 ms, flip angle=9°, E#N176, EE
A1 mm, 218 #5250 mm, resolution: 0.98 mmx0.98 mm.

15 fMRIZdE 3 Hr

fMRIZHE 73 H7 R Fl £ SPM 12, DPABI2.1 and
REST1.8°"L FiAb¥EA S i I IE k3 IEChHfi
PR A o M Z B AT 5 M volumes, LLES —Svolumes iy
FEHEXT S LD kBl . IR RS MR LT . 4
PG oy E. S EbRHELL . 25 6P (FWHM=6 mm).

AL )E, XHMRIEEIEAT 7 R LR, Rn
XJ B 8] 7 51045 5 dE A7 PRI {8 B AR 2 (fast Fourier
transform, FFT), LU JE M0 IE 52 80R 5% sk 20 5
HE IS M A ) AR e, 45 2 B A AR AL AR R
PR DIER T, IRIE A A 2R B A 7 2 A 72 B A
A= TR U X 18] [0.01~0.08 Hz /R #E47 K 5&E g
PALEE, DA BRI A e 545 5 S sty Lk, i
W AEDE BN R A S, AR E170.01~0.08 HZ(E
R D2 e T 7 43 B AR IR {E (amplitude of low-
frequency fluctuation, ALFF), #40.01~0.08 HZ3 | 4 1Y
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AR AE AR 45 2 S AI{E, 50~0.25 HZ A5 B 14k
Mg SRR, BIAS BIFALFFM DY, T EAR S 241
ol AR 0K, 20 R T RO AR TR 56 (Rest2
vs. Restl) K7 52 RUAR IR AR 31 5 F142 il 2 £ BRI AZ IR
] K o v SR QPR 22 5t [R) IR DA A A (M v AR K2
5 2B R 5 B A, Wake Forest University School of
Medicine Pick Atlas)FIiE U AT AT (xyz=4, 32, —5) A
b7 g P A BB T R MR I FALFF, SR XUFE A
T 56 BT 2 4l A A A A% R B P 0 A
fALFFEA% & (Rest2 vs. Rest])[f] 2 7.

2 AR
2.1 MPBER

DAVL 2% £ B A 5 & 7K (Pittsburgh  sleep quality
index, PSQI) Ayl &: T 1Y, 2 i 2L A B AR 32 25 41l ik
M FI o m A8 BN . 4L (=4.35, SD=1.73); HEHR
FIZFH: (7=4.07, SD=1.78), P #IRTEMEAR T &= 16
BEMERE=0.73, P=0.47); URFB-IRESERE S
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(state trait anxiety inventory, STAT) Ayl & T. B, B4
WX RS B R EHIH: (5=42.05,
SD=7.97); MEARFIZFAL: (x=40.33, SD=9.43), M4 #iR
TR FEAR T W E M2 7 (¢=0.90, P=0.37). P
P MRS EE A Fn . B4 (x=35.05,
SD=5.13); EHRFIZF4H: (x=36.65, SD=7.32), FAH IR
RS EERETLEENEZEF(E=1.09, P=0.28). LIl
i F ¥ 5 % (self-rating  depression scale, SDS) Al &
THEWI AR A Z o B T AL
x=44.45, SD=7.37); HEHRF|FH: (x=44.35, SD=7.64),
5 H AR AE AR B b T I 25 M 25 57(=0.06, P=0.95).
DA R 79 A 155 45 B3 (positive and negative affect scale,
PANAS) Al & T 2", PR AEPANNATE 2% B %
B B FRE %P, x=27.70, SD=5.54;
W LEN, x=14.13, SD=3.44); FEARFIZFA: (R IE
P, x=27.07, SD=7.02; VK IEZEN, x=13.11, SD=2.74),
P LA AE AR S 25 (1=0.46, P=0.65)F1T4 14 2% L3
Te 8 & 1% 57 (=1.34, P=0.19).

22 ATASR

X T FEAREIK, R E ST B B, XU R 7 %5
Pr(d: SEBe 2R A% H| 4 <R AL CSa+/CSb+/CS—)
SRR, XWAHR R A SENZEAEHEQR,
134)=3.266, P<0.05); @l FHRZEFEQA, 51)=
7.39, P<0.01), FIBEAM EMNBEEER, 102)=
435.4, P<0.001). 4 FRHAT T WA Hr. HEER
R xR AR, HXFCSa+t, CSh+ICS—H) M
RLEFEEAN T the CSa+: x=4.27, SD=1.02, the CSb+:
¥=4.25, SD=1.19, the CS—: x=1.31, SD=0.58; X} T HEA
FIZFHPR, HXFCSat, CSb+FICS— (1K) 3= M LR
U1 the CSa+: ¥=4.84, SD=0.77, the CSb+: ¥=4.80,
SD=0.77, the CS—: x=1.31, SD=0.57. AW FHLLEL T
2 il A AR RV H ) A3 B B CSat, CSb+RICS—11 3
MR E. HEA R BIR, P A CSa+ 1 0
R BUE E = T CS—  (P<0.001), XFCSb+7R4& it
(P<0.001), iiCSa+F1CSb+) 3= M A /> B i 2
ZE R (P=0.93); X THEARRISFH B, HERER, 1
RLPE SIS B BOR CSa+ 11 32 00 R4 AH /7 $  3% & TCS—
(P<0.001), X CSb+75 A& Wi (P<0.001), CSa+F1CSb+¥]
FRAR > BTG B E V22 R (P=0.79). TR, B0
T AN R T BN, s SRR R, R AR 4

TR CSa+ ) 32U R HE 75 H0 i 25 5 T 451 41.(P<0.01),
T L B B 341 25 2E % 56T C Sb+ 10 32 W RV IR 4 B i 2
THEHIZH(P<0.05), A1, PILHAE AT CS—1 3= AR
IYBOREA BEMEERWP=0.97). REIJEENTE
PR ATEE Ui, $2 h AR AR R S5 T
RV, (EREEAIR ) S o 7 RUE S] 19 R0UR.

X T2 RR KT, B E I3 B B, UK 2= 77 2495
Br(ZE 5 SEUG2H /A% HI H <R CSa+/CSb+/CS—)
SRR, XWARRZ A EENZEAEREQR,
88)=3.29, P<0.05); 4l ERNZE(F(1, 51)=7.81,
P<0.01), FHEAM) F BN EE(F(2, 102)=169.7,
P<0.001); 4z FRFAT T RSN, HEGRWT:
S T bl it, HXtCSa+, CSb+FICS—HI % Bk HL g
HSCRUIF: the CSa+: x=0.51, SD=0.07, the CSb+:
5=0.50, SD=0.08, the CS—: ¥=0.26, SD=0.08; X T-HE K
HIZFHPR, HXTCSat+, CSb+FICS—HI R Bk HLF8 %
SCRUIF: the CSa+: ¥=0.68, SD=0.22, the CSb+:
£=0.64, SD=0.24, the CS—: ¥=0.33, SD=0.21. A&7
P 1 43 ) 2H A il A R ST 43 B BOM CSat,  CSb+A
CS—IPF R ik FEEUSCR. H 4 JEIR, XFCSa+HICSb+
1) 52 Ik L L SCR L 2 15 T-CS— (P<0.001), T CSa+Ail
CSb+[1 57 L 82U SCRTE & & 1 22 7(P=0.72); X T
MEAR RIS, HEERER, ERUE S B CSatiy
F kR BSCRIE 2 = T CS— (P<0.001), XTCSb+75 &
UH(P<0.001), CSa+AI1CSb+) i fik B HE USCR TG & &
PEZEF(P=0.17). B TR, 0T 55— J7 MR f
RN, HERRIR, BRI SF A0 CSat i 52k He
TEHSCRE. 2 = T #1141 (P<0.005), 1M H.HERR 34540
A X CSb+ 1) F Bk LB B SCR B 2 = T = il 41
(P<0.01), 4Rif, WLHPRATCS—I1 2 Pk B R B SCRIT
WA BEEEZRP=0.12) (K2). ZYEIBHEIIE bR
AIMTEE IR, ) AN R IR R IR T
VR, (EREEAR ) S 3 o 1 RUE S] 15 R0

23 JREURESR

N T 7 5 e R 1 < 5 M) R AR AZ DL 1) b e
fiti, LAFALFFAFEFR, HAC T BRI 5 2H A2 i) 2 4 ik
RARACAZ LT A K B AT B I 22 . 6T 48
MR, BOXHFEA TR K (Rest2 vs. Rest])ff145 5B R,
JIE P9 A0 R 507 B K B35 (vmPFC, peak voxel coor-
dinates, (3, 33, —6), #25)=7.95, Voxel-wise FDR-
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corrected P<0.05); X T BEARFIZFHBAR, XA %
HH RIS (left amygdala, peak voxel coordinates,
(=27, —6, —15), ((15)=4.91; right amygdala, peak voxel
coordinates, (27, —6, —15), #(15)=5.39; voxel-wise FDR-
corrected P<0.05) (3). &5 R UiBH, MR R T 58 1 2%
PEICAZ IR S 2 A AL S 3.

T D 2 SR AR S R e R L AZ I
22 JeAith, {5 FH B R [X 3 (regions of interest, ROI)7) Ht
W7 TIRAE. 23 BIFRE T R AR 3 5 2H A R0 42 )
2 ol P O AT A A A AZ I FALFRAE, Has R
T BHIHN=26)T 1 I FALFFE I % & 1y, SD
FISE#I F: %=0.04, SD=0.11, SE=0.02; HEHRRIZ2H
(N=16)E L TALFFE B 0% & x, SDMISEI:
¥=0.30, SD=0.20, SE=0.05. = #l|ZH(N=26)5 A Ml i 4
I FALFFE ) L &= ), SDMSEWIR: x=0.59,
SD=0.21, SE=0.04; HEHRFIZFZHL(N=16)1E PI M AT 47
PIFALFF{E M A &My, SDMSEW F: x=-0.12,
SD=0.52, SE=0.11. BUZFEARTR I 45 R iR, HEAR
FIFHAAZ I FALFFAE 1) 0% 5 (2 L fFERest2  vs.
Rest]) i 2 KT #1 41(1(40)=5.34, P<0.001), Tfifz i

6r ****** *4_.***** 0 Clar

4l
@ 4
o
=
= 2}
LA T

Hla ERRIA

B 2

[ CSb+
O cs-

S P9 T A5 PR EALFF AR (9 5028 B W 25 K T B HIR R
2 2H(1(40)=6.80, P<0.001) (F14). HEARRIZFIG 5% T 451~
RZHESN, YRGS 1 A FT AT BE Bh, R T RE IR
55 7 RPN 0 A AR 6 A A A% R R R R

24 HIRSHER

T HERRE SR B A R AR fe bR 2
5 RARACAZ DL T By B A A AZ ARG P 00 i 200 1) 36 3 e
A B AR, I T AN ) B AR RE SR M. B IR MM
SIRTIREE R B, X T REARS LR 20, A A% TG sl i
5 O RV E 4 R IR 3 (1) IEAH 9%(=0.67, P<0.01),
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Neural mechanisms underlying fear memory consolidation influenced
by sleep deprivation using the fraction amplitude of low-frequency
fluctuations as marker

FENG Pan'”?, JIN YuLe’, ZHENG Yong"” & FENG TingYong'’

1 Faculty of Psychology, Southwest University, Chongging 400715, China;
2 Key Laboratory of Cognition and Personality, Ministry of Education, Chongging 400715, China;
3 Faculty of Education, Southwest University, Chongqing 400715, China

Fear is a biologically adaptive response to an environmental threat, and fear learning plays a key role in adaptive function. Sleep
deprivation (SD) serves a crucial role in the process of fear memory consolidation. However, the impact of sleep deprivation on the
acquisition of fear and subsequent fear memory consolidation remains unclear. Thus, the present study measured human brain activity
before and after fear acquisition under conditions of 24 h of sleep deprivation and normal sleep using resting-state functional
magnetic resonance imaging. Behaviorally, the SD group exhibited greater fear ratings and skin conductance responses (SCR) than
the control group at the fear acquisition stage. Critically, neuroimaging results revealed that at the fear memory consolidation stage,
amygdala exhibited increased activity in the SD group, whereas ventromedial prefrontal cortex (vmPFC) exhibited increased activity
in the control group. Moreover, at the fear acquisition stage, the change in the activity in the amygdala during fear memory
consolidation was positively correlated with fear ratings and SCR in the SD group. However, at the fear acquisition stage, the change
in activity in the vmPFC was positively correlated with fear ratings in the control group. Taken together, these findings suggest that
SD may weaken the top-down ability of the vmPFC to regulate the amygdala during fear memory consolidation.

fear, sleep deprivation, fear memory consolidation, amygdala, ventromedial prefrontal cortex (vimPFC),
functional magnetic resonance imaging (fMRI)
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