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[ Abstract] Sleep disorders, a common concern in modern society, seriously affect people's physical and mental
health. Reported findings suggest that both acute exercise intervention and long-term regular exercise intervention can
improve the disrupted sleep structure and normalize the duration and proportion of the different phases of sleep.
Moreover, exercise intervention has a positive effect on the endocrine functions, the metabolic functions, the immune
response, the autonomic nervous system, and cardiac functions during sleep. It is a non-medicative therapeutic strategy
for improving sleep disorders. The specific type of exercise intervention (aerobic exercise, resistance exercise, or
meditative movement) adopted is one of the moderating variables of exercise intervention programs. Different types of
exercise improve sleep disorders by way of different mechanisms. Exercise volume and intensity are another moderating
variable of exercise intervention programs. The optimal amount and intensity of exercise for different individuals to
improve sleep disorders may vary. Exercise interventions implemented at the different times throughout a day can also
have varying degrees of impact on sleep disorders and there is no consensus on the optimal exercise time for improving
sleep quality at present. Herein, we summarized the mechanisms by which exercise intervention improves sleep disorders
from four perspectives, including epigenetics, hyperarousal, human circadian rhythm, and body temperature regulation.
In addition, we discussed the current gaps and prospects of research in this field, aiming to provide a theoretical basis for
the development of exercise prescriptions for sleep disorders.

[ Key words] Mechanism  Review

Exercise intervention Sleep disorders

R o o A G 1] sl IR J5 AN ik 25 EL R i) B

(] I RE Y T LAY, TS EOM G A BEHLRE S, £L 20
PSRN EIRTEHOR I BRIR T | BEARPREE, LA R AR
o FIAT Ry 32 T S R A B HRCIR 8 R A7 2 5 1A
MR A5 B AR T 6070 (231 AU AFAERE IR ). (I
B BRI 7 4 2023 YRS o, b [ s 1 e 5 20y
67.77531 AR, fipp R 3 Il S B MR ) ) R 220 A

* [ 58 T S AT 155 H (No. 2020YFC2006700) ¥ i
A W5VE#H, E-mail: Hu.xiaofei9@163.com
R 3: 2024-01-20

18 3l BURAR IO R S AT 2 5y R R 2 3,
HETT S A R B S HLIAR D RE R — Bl AR 2590367 T-BL.
SRR, i@ 3h TR A AYHE) P A
sz, HICAMOmAERIfE R . BT, 1830+ 3 bl
il PR JH T ek AR L AR R B | O i I
RGN A R TR R AR A1) — b 2B

UTAER, BIFFEN DI IE )y T PR AR B A7 T EA T 1
KAERIWTTE, Wiz A Rz S A AN R AFRS | i i b
MR R ARSI T30 AR HE B is shad Iy B, 7]



ERE

SRR AR a3 T OGS BN PR G A RE M S AR P LRI 7Tt e 237

SE “REEAL 32 ShALT5 TN B e is s T N A | FRE
WG iz SR iz gl LA S0 R LR SRR AT AT
FEo B H AT LE Ty b AR R R SRR, XA
A I £ 1) a3l 7 S8 i/ D e e 5o RIS, AN [R5 2260
BCERCRAFTE R 22 5 . DR, AR SCOZE 31 1500 BB
Az PSR | 32 BT TR i B R R 9 A L R
BUA S T7 TREA T 0, A il B MR A 5 AL ™ 32 3l Ak
Tr BB A .

1 BEE) I REAR 4 IR A 220

1.1 IEF TR AR 220
L11 & HE ghF Hat ek ks 4 49 %k

12 By A U B MR S 2L A B HIR 45 4y, 2% 10
R BT L 51 T IR o PRz Sloot IR 25 14 5 1)
Iy /N 5 HE T i B AR (slow-wave sleep, SWS) B <
FNERHE AR B HEAR (rapid eye movement, REM) 7R3, ik /b
REM. iz )k ETEMENT4~8 h, B4 BE IS V5 R0
(sleep onset latency, SOL) FIA R f5 5 i ] < (wakefulness
after sleep onset, WASO)"', F R FIHIAHz3h. Hit
FHiz 3 A A APz X 248 Nib T Stz s T
JE R, B4 NHYSOLU /L | BEHR K (sleep efficiency,
SE)#2 R, HAIFE S0 24 A B IR B A 1) it A7
TSt o
112 RIDMAEMIE 2 T T B IR 2L A 49 % o

TR Bl X0 R AR5 44 1) 2 0l 3 B Iy 14
SWS, B EARAT K (total sleep time, TST), JB/>REM
SOL. WASO%, KALAKAXf5144 F DAEHEAT TS &
B, 5% IRALAH LE, iz sh 4 Ry AR A5 1 ) BLRA A2 1k, 3%
B TSTHISESE 5, T SOLI /D, REMMEHR P (R 1 42 <
FRUHE A A2 2l 40 R 42 fe 32 UL R IR T &, o017 28 i
Ho SUIRSERIRE 7R, R RAER B 27 8 JR LA PR 1 3
J&, AR T W ABEIR (2935%) . S hn 1 JE Rz IR
ik (non-rapid eye movement, NREM ) HH[&] 67",
1.2 iEE T AR A 6] AR R T RE A R4
1.2.1 & 3)-F st ek 4018 A 4k 2 fE 49 3R

12 Bl R P LA A R AT (28 A2 XA
Jof AR P 2328 BT RN S E TR IR 9 R 2 o Xof i B I 2
SN R A PR Al . A RBR Bl T - A
Ji %l (hypothalamic-pituitary-adrenal axis, HPA), DA %3¢
B 25 22 45l (sympathetic nervous system, SNS) 45, i
B SU ], P A% AN SN S ) 155 P4 B 2% B2 TR ' iR
AEHE R ARk R RE,

WFFE R I, B[] rfr 4558 3242 By AT 5 i 74 (1] B IR v

I 4K % (growth hormone, GH) ¥ Ji Fl i it it
(cortisol, COR)/K¥-. TUCKOWZ" & #, iz 851 L 4
1 B B AR (23:00-3:00) 1fil 7 GHK BE FE IR, CORSFI Y
Ji; 55 205 B BEHI (3:00-7:00) 1ML/ GHYR BE RS T, CORS3
WD BEAb, 3B SR 252 LA SE 1 (testosterone, T) | R
2 (melatonine, MT) [ 53, 7ERE T H] | 5558 B 32 Bl T
S L7 S 1) S0 e & B, LT S R v B R ST
R B AR AR
1.2.2 E3)F Fxt e AR 8] KA 2 k49 Foh

BUARRY Y e Re B A 32 Z2 MR LR IS . B3
X 1LY GHAICORG3 A A AE FH AT RAARR B 2 2= 4T, B0
R 8 A WA = B MR A IR, 4 R TSTAISE!

FENTONSE" A B, 45 0 47 He FHLz Bl 7 1 B i
A0 7R 5T AT B e AR ) 2 11 B G R, LB S
MIRETS BIVKAZ, $275 08 Bl A Bl T 535 Rk I 151 ) f A a5
TIRE, I Y AT S TR I N8 2R /K P FIRE AR A= 1 SRR
JURTA T ORI UAR R . HEAIR 5 = 25 S B 27K F-
BB, AR R BB T, BE IS IS AR LR,
1.2.3 &) Fxt sk IR0 18] o789 F ok

I RIS 5 G038 2R G0 Z [ A7 AE AU ) K R, — T 1D 41 i P
T MR . PSR S M MR ) — 7 T AR AL T 75
FRRANEYE, AR T AN 7. 2 5 B IR oe R 42 1)
B N TR F AR A K (interleukin, TL)-1, TL-2,
IL-6. & 24K ¥ (epidermal growth factor, EGF), i
L AT (tumor necrosis factor, TNF) &%, H =24 H 1)
RESHGNSWS., BUS BERR 25 F4 4

KIHERE 2 S RE A 1518 M 2R IR S 2 A M i X+
FIL A 1 48 L DK - =2 [ 1) S, DT 22 7 R ) B B -
Ve JE U WS ER AN, kM i i H 2 AR AT E
11 BT 248 A A RO B RVEA M . y TR
(interferon-y, IFN-y) BYBE S, PR INIL-1., IL-6F0
TNFRYYR L, T 4550 3212 Bl Al DL AF 5 Evik B2 1) 4t
BlF
1.2.4 E3)F HxteE iR A0 § TAVE R Gofe SRS AL 4G
#Hoh

WA B A I YT 8] A SNSTIG PRV 55 . Bl 38 [ 2
Z 4t (parasympathetic nervous system, PNS) jf PEI58, 7
"0 R I 20 0 6] Y SNSTR MBI . PNSTR PRI S8, X Rk
{15 RN 103 S S = QAP e A 8
(heart rate variability, HRV) #)" 2 HI T W DA ] R R 7y
B RHRIAN] [ E R RGERTE S,

SRS Bl 5 BRI ) 45 B B O 28 1 T 5 AT RS2 2K S
ZEUEVEDRES . SNSTE VSR AV R . KRz B ]



238 PUNT S22 (B2 )

5 554

Xob A A B B 303 (8] PNS TSNS by 7 4 2 A RS0 X K
Ar /b NBEVEF T2 H PP ERSR BE Ais 3T 1S R B, 23k
FEHEARIYI ] A PNSTE P3G, SNSTEEREAE"

2 BT mEREGNALTEE

2.1 BEFTFHELER
211 HEZH

AR g R s IR IR AT WA is s 2 —, K
FRE SRz slham AN K, FREERT Rl . KINGSEP' SR A
ARUIZ B X0 HERE HIR 32 A R85 S 98, ) T D 2% 7 e Bl o %
(Pittsburgh Sleep Quality Index, PSQI) , IR H g A K2
FHERR W (polysomnography, PSG)IIESE T A iz s B
AU BRI R AT I SOR o AP K B, T8 PSQIAS 73
A 4R B e R AR R A5 K 8 22y -1.85, A EIZ sl Al
3 ) i Y5 14 #2255 37 9 F- (brain-derived neurotrophic
factor, BDNF) 7 2l FIV X 1 Bk 2 BDNF Y mRNA K A
IRV, B A 28 B AR il T S, T A R D e
MR o 1
2.1.2 #fLiEF)

B BHAZ Bl e Aok B A SRy B 11 ) ik R T, SE LT
g LA EESE R —Fhiz s B, Pz shiAME
AT LA A4 20 IR 5 6, 30 i 25 5 MRS e R DG fry 2
AN R L 3AREE) . WHITWORTHZ G147 ) 17 38k
W - e R e 5 11 5 A7 DA 30 3 0 19 v i B2 BT BEL VI
%, RIMVIZRSE ., SOL, F /K45 K15 2 0 g st .
Bt BHAZ 2 el M B B At X ML T T 8 5 A 4Rs B A7 A 22
St B, PUHEB B i 2k SRR LR S, S
IR ILET A 5t 1 I FAA RIS K, BeBHIz 3185 A i i L5
SRR AR AR A 23 RASHE T T BT i i i il o3
SR AR, 2 I VR i LA e R DR 9 3R3A 2 AR, Btk
15 Bl B4 v JUL DA 2 SR SRR AR T T 15 s T 2 1)

i v JIL PR g i ol ) 9% P, 1 B LR 23 MA E e
213 F$iEF)

BBl —MEE RIS M, EEN ., EE
HEEMZ G MizgER . IRWINSEHE T 64~ H K
R 2 S 2] 0 I BIRS e it A1 IR BT e IO A0OR, S5 R
B, R 25 > 40 BRI T, SE. TST. C- /I 2E
[ (C-reactive protein, CRP) %% 1 BUHH 1B 0ie 3% . /\Bid .
a1z shE Ao e ME IR BT 2[R E ELA AT I RICR™,
01 3 ks IR IR B S AL 5 47 s Zh At Bz )R]
FEFEAEZE S . T B0 3 ii A, P AR AARE 3l
PIBCA, I SR AR I PNSHY IR . BRI IR 24, DT el
MR 0\ B 45 > 3 AE 2 Mg, 7% B IRE 1Y 3

YERRE IR A0 A TR KRS, A B T A
TN RGERYTIRE, DT o R BT 1
22 BEEHE

BBl RN NRZ SR B N (CERAS
PTG Z4E 25 200 (2018) Y (AR I Bl g ) 4 S 1A
AE NI 2l 13z 3 4 B 150 ~ 300 minH SR A 4
P33 BB R R 75 ~ 150 mingey 5 AT EUAA 6 3
Qi 48 R AT TR P 32 3 i A, B BIRS e i Fr) ei
SRR . ANSEPIRIFSY R B2 1A 2 3425 ~ 30 min
I, BT R L] 23 s 2402 Bl ik $)50~60 minfif,
SWS, REM, TSTHA — & MR 3G ; i 24 is 3 B T
50 ~ 60 minfhf, BEAR 5T 175 31 W 1 03

H i, RZEWHFE 015 3h i - 150A 458 HERf Y7 &,
XA e 51z 3 RAAA 2 5 AR R 2R A O, (HEE [
AR A g &, Bk, 7618 8 T 1T, 5560
W 2 U W iz g i, IR 652 103 B 3 Rk T ik
HH LTS %
2.3 EZNEE

12 By B R e B sl TR Y o5 — R, S S 17 A
PORTIREN b GHOE =9 M O AN i 9 0 L TN K=
45, SNSAEMYRIAE /N, o 5 i a8 B ) 25 S B
KA+ ST R PR A R R A, 5 DR AR Y i
BB . KLINESE AR 45 4 i 4 T v (4 5 i T AR Y P i
(kilocalories per kilogram of body weight per week, KKW)
W BEIR RS R 7> M4 KKWHL, 8 KKWHH | 12 KKWH S
Jit 6> 1 i, 3 2H B HIR iR A xR A g3 i T -3.93
-4.06, —6.22, 1553 TS IR BE B R, 3R i 00U
U o 25 AR, 32 By R R AR R A 2 AU 2 A A A
R, B T BEERAT 15 0 B R 5 14 e (i
SR, SR, HETPEAS AN [R) 12 3 26 84 1935 2l oik B2 3
Z G — bR
24 iEEHAETEEE

H T, A58 N DR — K i i 32 2l 384 R T ik
I FIR T 2 0 AT TR (BRS8N D4 T 3 A s
W 32 2] BE 23 ™ Az AT HEAH 7 LB IR AN ; Qg%
I BER (912 3T Be 25 AR R B 2% Ay ; @FER ]
TEEA WG O T 128 35, 23 HI| 55 ' JEOGT B B o 1 174 o4 3

LU, ] 3z Bl T B i B R R ) KCE R, 35
WASOFIEMESE. BENLOUCIFAE WIS T 2415 Al
3 o B G o S 4 A BB 0 A A O, 45 S %
IR, 2 I 3 LRI T 15t 140 A, (L4 ) B 25 4 1)



ERE

SRR AR a3 T OGS BN PR G A RE M S AR P LRI 7Tt e 239

AL IJCW B 25 5 . FRIMPONGZ:% B, 5 01z 5% Id
AR L, TEMERTO.5 ~ 4 hoe MUY (&1 50 252 3l AT i /D REM
(-2.34%) o Tz SR BA 4 = BRHR BT A1, if RE XS
MR AR RSy | RO ITHLARE . fE RGEHLRESF,
I, 7E I BEE FT 1 h4h o b s s Bl S A B T R R

P
3 EE)TIS i REAR PR RS Y E AL

3.1 AfERMEEVLH

T AL 2 S22 W M7 B B R A5k PR i % 2 40
S 3 Bl A NIRRT ) LB AL AL W] BB 1 LA
RIS M) 185 3 i A QO i | N 15 A DG S
PHRE AT A 1k L SCOR o 2 m] SRR A I S AR O

iz Bfy ] 2 LRI R LR R RE R i L AL
LPYEISIN R AR | WA A QI 5 45, I e 2 Ay 1 2y
REMY RS DU DGR N FR 1A D Bt . )5 5 e A Qs ) 30
AV phy A P K Bl ) 2 U S R Y, Sk
IR MR G P IR SR 3 2 - B W P S LR A 20 U S
Fe R ADNA R FAL K AR BUE™ . HEEE EEN T
FIRAF I, R AME T W1 o m s Fr i
JUURIAG 7 2 1 R 2L L A8 e 2 R sV FH T LAY BE B 45
IRE A, TERE— PR R PR R 0k, s
BB e fice 1 H AT 2RSS 20 -5 R IR R 2 A O A 2 A
PP EREE SIS ot B SIS ISR gV Sraive S s
AR AG S AR A A R PR A
3.2 AN STEEHLH

ek B8 s IR R R 2% 29 1 T 2 S ) 478 BR A IR S,
ZRWOS W R IR R BRI B2 | AR LB A AI3A)Z
T A TG BR AR A, 3 v fE 2 B SWSHIREMI /L,
SOL. WASOS IIAFRENRASHYZE AL, DIREMEA 2R
RN, b R R A B BRI DR 25T SR 4 AR
Gi, B, AR X P R, COR, £ HTE L
HRFAE TR, MT/RF A

B W70, dod 32 5 TR L Sy e G o i 2 A )
P VR, B0 B IR BB 14 7k G045 25 007 15 AR 25
Jrik, HALRE R 2 — R R 1 Bt MRS . a2
P IEAE S —FAR YA )T By, EEEE RE R
PNSHTE T BRSNS P, AT R B A
3.3 ANEEHRTENS

NHERCHAR G EEALTF el XA 3B
(suprachiasmatic nucleus, SCN) M HARIT 4 . B4 T
RGN R AL P2 T EOE AR AR R AT 2838 LA
U0 B B - 5 1 30 9 2 I P A, SON T B s

W32 BN IREE PR 3R AL Y IR R R i S ez .
o GG R AN A A R 2 rp E A B R T i MT )
Pty I NN R X Sl s SR AT D S NS R R N S B 7
BeARA R i, BT A E B2 MT/K 1520

BRI RN FE R Z —, g i m
TTMT 3 Wb VR IR - 5 T o) 300 46 S e B T A
R, FEAE 2 B A R L8 il it 2 BT 4
Clock 575 /INFRE- #% LA IK - Filiz shifi 52 1, /1N B
B TR A AR, AR 5B ST IR I TH] | iz Bl
FEAERRA K Wb, iz 3k ReRG I AR N JEPE R 80 5
AN IS o e 2z [ (4 DC E B, D PRI B v g 5 3 g ad
R R WUE S 4 WA 28 B R0 AR B B i A %, i mT
e 51z ol AR HP LA = AR ) 40 B R X o P R AR 6L
GUEEET YGRS e
34 ANEERETHLEH

REIDS5 A 3, 308 i 425 52 12X 25 R M S0 ] 174 A i 7T
PAVRTT SWSHY F ], A [m] B Al 7 e i 2 S BOR [R) 26
TR B MR P 05, A A TR AR (8 HE 3R 25 5] 2 A B PRI X 72
M R e 0, A T 4 R A L B AT 5 5 | A B R R e R s 1
S0 BB R RN SUE B —Fh B AN AR, Y
iz 5 RIS, R Y 3R S A A A
EPTRAR S BCAMLE R 5 . MURPHY 2 hili 14 % 2210
SR A2 G PR BRI O AR ) AR A, AR B KT B
LA B ] 55 AR R] | A SRS 7 L A5 22 (B DG R A T
I, K A AR A PR T B4R L T SOL, T I 7k
ASWSPIBL ., G SRl B Hi 28 5% T SRR, MU S5
TSTHISWSIs /D, i 2x HH BLREM[R] A8/ D B

4 RE5RE

T2 BN LA 81 B S 45 A, 35 B S S8 0 £ 4 4
WA GRER BRI F 2 RS, AL 5 AR
T | G BEETE A, LS AR Y ARG
B AT Sz 3 T BT R EE W E D, R iz gl
~F O e M R e sk ML ] 64 A ST T e, xis s+ Tl
T BEHR A B AP FEATRA, LS Z AP A A [ iz sl 2 Y
BIE S5 R GE— 5 dn . I, SR AL AL AT 28 3 fin o i
PREGUE . B3z 3h -+ 7 BN EFIER . RARTE
Byt WO MR A B2 | S AN Rz 2R R 1912 3l
BEBIGE— bR S R AKIZ G IR AR TT 1] o

* * *

FEE TR 2RO HSTIR SO I RO o 4« BT D505 ik
VIR SR, B ST 51, WIS A STOT 0 H A B S BT,
AR RSO SO I EE R AR S RS, AR T &R



240 PUNT S22 (B2 )

5 554

W SRR, B 2R R M IRA
YERBTA 7 T 157

AT IR e i, IR R T

Author Contribution GONG Mingjun is responsible for

conceptualization, data curation, formal analysis, methodology, and
writing--original draft. TANG Qiao is responsible for writing--original
draft. TAN Sijie is responsible for project administration and resources. HU
Xiaofei is responsible for conceptualization, supervision, and writing--
review and editing. All authors consented to the submission of the article to
the Journal. All authors approved the final version to be published and
agreed to take responsibility for all aspects of the work.

FIZE MR AR IR £ vh 5

Declaration of Conflicting Interests All authors declare no competing

interests.

2 £ X W

(1] R, WEE, RFE, % RN A BT IR YT LT 97

B0, A R BAEHEPEAY. 0 BIRLEE R, 2016, 24(2): 173-195. doi: 10.
3724/SP.].1042.2016.00173.
RENZH, XIEF, YUXL, et al. A meta-analysis of self-help cognitive
behavioral therapy for insomnia: Efficacy, influential factors and the
quality of evidence. Adv Psychol Sci, 2016, 24(2): 173-195. doi: 10.3724/
SP.J.1042.2016.00173.

(2] FRF, A0, SKEK, 45, P EBEICATST 52023, JU5T: HE2oRher SCiik
fftAt, 2023: 13-33.

WANG J X, ZHANG Y, ZHANGY, et al. Chinese Sleep Research
Report 2023. Beijing: Social Sciences Academic Press, 2023: 13-33.

[3] SOBCL, KWOKS C, LEE P H. Effect of aquatic exercise on sleep
efficiency of adults with chronic musculoskeletal pain. ] Phys Act Health,
2021, 18(9): 1037-1045. doi: 10.1123/jpah.2020-0476.

[4] DaSILVARP, MARTINEZ D, URIBE RAMOS ] M, et al. The effects of
resistance exercise on obstructive sleep apnea severity and body water
content in older adults: a randomized controlled trial. Sleep Med, 2022,
95(8): 37-46. doi: 10.1016/j.sleep.2022.04.014.

[5] HASANF, TU YK, LIN CM, et al. Comparative efficacy of exercise
regimens on sleep quality in older adults: a systematic review and network
meta-analysis. Sleep Med Rev, 2022, 27(65): 1-7. doi: 10.1016/j.smrv.
2022.101673.

l6] =Y, TIER, Mk, %583 ih)rh FE % R I(2023). 1 IS )
B2k, 2023, 42(1): 3-13. doi: 10.16038/§.1000-6710.2023.01.012.
LIGP, WANG Z Z, HAO Y F, et al. Chinese Expert Consensus on
Exercise Prescription (2023). Chin J Sports Med, 2023, 42(1): 3-13. doi:
10.16038/j.1000-6710.2023.01.012.

[7] CHENNAOUIM, ARNAL P J, SAUVETF, et al. Sleep and exercise: a
reciprocal issue. Sleep Med Rev, 2015, 20(4): 59-72. doi: 10.1016/j.smrv.
2014.06.008.

(8]  FEgeak, 2R 30 Al shE 2 AR AN T b A EZ . vh [ Ap 2

73, 2020, 40(7): 1465-1469. doi: 10. 3969/j.issn.1005-9202.2020.07.037.

(9]

[10]

[11] #

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

WANG B S, LI T W. Effect of different exercise forms on sleep quality of
the elderly. Chin J Gerontol, 2020, 40(7): 1465-1469. doi: 10.3969/j.issn.
1005-9202.2020.07.037.

KALAK N, GERBER M, KIROV R, et al. Daily morning running for 3
weeks improved sleep and psychological functioning in healthy
adolescents compared with controls. Adolesc Health, 2012, 51(6):
615-622. doi: 10.1016/j.jadohealth.2012.02.020.
BLANCO-CENTURION C A, SHIROMANI P J. Beneficial effects of
regular exercise on sleep in old F344 rats. Neurobiol Aging, 2006, 27(12):
1859-1869. doi: 10.1016/j.neurobiolaging.2005.10.009.

S, . 3 SR B Rl A W 2 LB SR . BRI
SR (HARBLEIR), 2019, 47(3): 9-20. doi: 10.15983/j.cnki.jsnu.2019.
03.232.

HU L, HANY Q. Research progress on the neurobiological mechanism
of the antidepressant effects of exercise. ] Shanxi Norm Univ (Nat Sci
Edit), 2019, 47(3): 9-20. doi: 10.15983/j.cnki.jsnu.2019.03.232.

TUCKOW A P, RARICK KR, KRAEMER W J, et al. Nocturnal growth
hormone secretory dynamics are altered after resistance exercise:
deconvolution analysis of 12-hour immunofunctional and
immunoreactive isoforms. Am J Physiol Regul Integr Comp Physiol,
2006, 291(6): 1749-1755. doi: 10.1152/ajpregu.00854.2005.

CREWTHER B T, COOK C, CARDINALE M, et al. Two emerging
concepts for elite athletes: the short-term effects of testosterone and
cortisol on the neuromuscular system and the dose-response training role
of these endogenous hormones. Sports Med, 2011, 41(2): 103-123. doi:
10.2165/11539170-000000000-00000.

CHEN P, BAYLIN A, LEE], et al. The association between sleep
duration and sleep timing and insulin resistance among adolescents in
Mexico City. ] Adolesc Health, 2021, 69(1): 57-63. doi: 10.1016/j.
jadohealth.2020.10.012.

FENTON S, BURROWS T L, COLLINS CE, et al. Efficacy of a multi-
component m-health diet, physical activity, and sleep intervention on
dietary intake in adults with overweight and obesity: a randomised
controlled trial. Nutrients, 2021, 13(7): 1-17. doi: 10.3390/nu13072468.
T, T IEARRIEAL DG MR A M A T8 AR TS . o [ 2

PIR 4, 2020, 46(6): 376-379. doi: 10.3969/j.issn.1002-0152.2020.06.
015.

YUE Y], XU P. Research progress on blood biological indicators related
to sleep deprivation. Chin ] Nerv Ment Dis, 2020, 46(6): 376-379. doi: 10.
3969/j.issn.1002-0152.2020.06.015.

SANTOS RV, TUFIK S, De MELLO M T. Exercise, sleep and cytokines:
is there a relation. Sleep Med Rev, 2007, 11(3): 231-239. doi: 10.1016/j.
smrv.2007.03.003.

SCHEFFER D D L, LATINI A. Exercise-induced immune system
response: anti-inflammatory status on peripheral and central organs.
Biochim Biophys Acta Mol Basis Dis, 2020, 1866(10): 1-15. doi: 10.1016/j.
bbadis.2020.165823.

SHAW D M, MERIEN F, BRAAKHUIS A, et al. T-cells and their

cytokine production: the anti-inflammatory and immunosuppressive


http://dx.doi.org/10.3724/SP.J.1042.2016.00173
https://doi.org/10.3724/SP.J.1042.2016.00173
https://doi.org/10.3724/SP.J.1042.2016.00173
http://dx.doi.org/10.3724/SP.J.1042.2016.00173
https://doi.org/10.3724/SP.J.1042.2016.00173
https://doi.org/10.3724/SP.J.1042.2016.00173
http://dx.doi.org/10.1123/jpah.2020-0476
https://doi.org/10.1123/jpah.2020-0476
http://dx.doi.org/10.1016/j.sleep.2022.04.014
https://doi.org/10.1016/j.sleep.2022.04.014
http://dx.doi.org/10.1016/j.smrv.2022.101673
https://doi.org/10.1016/j.smrv.2022.101673
https://doi.org/10.1016/j.smrv.2022.101673
http://dx.doi.org/10.16038/j.1000-6710.2023.01.012
http://dx.doi.org/10.16038/j.1000-6710.2023.01.012
https://doi.org/10.16038/j.1000-6710.2023.01.012
http://dx.doi.org/10.16038/j.1000-6710.2023.01.012
https://doi.org/10.16038/j.1000-6710.2023.01.012
http://dx.doi.org/10.1016/j.smrv.2014.06.008
https://doi.org/10.1016/j.smrv.2014.06.008
https://doi.org/10.1016/j.smrv.2014.06.008
http://dx.doi.org/10.3969/j.issn.1005-9202.2020.07.037
http://dx.doi.org/10.3969/j.issn.1005-9202.2020.07.037
https://doi.org/10.3969/j.issn.1005-9202.2020.07.037
http://dx.doi.org/10.3969/j.issn.1005-9202.2020.07.037
https://doi.org/10.3969/j.issn.1005-9202.2020.07.037
https://doi.org/10.3969/j.issn.1005-9202.2020.07.037
http://dx.doi.org/10.1016/j.jadohealth.2012.02.020
https://doi.org/10.1016/j.jadohealth.2012.02.020
http://dx.doi.org/10.1016/j.neurobiolaging.2005.10.009
https://doi.org/10.1016/j.neurobiolaging.2005.10.009
http://dx.doi.org/10.15983/j.cnki.jsnu.2019.03.232
http://dx.doi.org/10.15983/j.cnki.jsnu.2019.03.232
http://dx.doi.org/10.15983/j.cnki.jsnu.2019.03.232
http://dx.doi.org/10.15983/j.cnki.jsnu.2019.03.232
http://dx.doi.org/10.15983/j.cnki.jsnu.2019.03.232
https://doi.org/10.15983/j.cnki.jsnu.2019.03.232
https://doi.org/10.15983/j.cnki.jsnu.2019.03.232
http://dx.doi.org/10.15983/j.cnki.jsnu.2019.03.232
http://dx.doi.org/10.15983/j.cnki.jsnu.2019.03.232
https://doi.org/10.15983/j.cnki.jsnu.2019.03.232
http://dx.doi.org/10.1152/ajpregu.00854.2005
https://doi.org/10.1152/ajpregu.00854.2005
http://dx.doi.org/10.2165/11539170-000000000-00000
https://doi.org/10.2165/11539170-000000000-00000
http://dx.doi.org/10.1016/j.jadohealth.2020.10.012
https://doi.org/10.1016/j.jadohealth.2020.10.012
https://doi.org/10.1016/j.jadohealth.2020.10.012
http://dx.doi.org/10.3390/nu13072468
https://doi.org/10.3390/nu13072468
http://dx.doi.org/10.3969/j.issn.1002-0152.2020.06.015
http://dx.doi.org/10.3969/j.issn.1002-0152.2020.06.015
https://doi.org/10.3969/j.issn.1002-0152.2020.06.015
https://doi.org/10.3969/j.issn.1002-0152.2020.06.015
http://dx.doi.org/10.3969/j.issn.1002-0152.2020.06.015
https://doi.org/10.3969/j.issn.1002-0152.2020.06.015
https://doi.org/10.3969/j.issn.1002-0152.2020.06.015
http://dx.doi.org/10.1016/j.smrv.2007.03.003
https://doi.org/10.1016/j.smrv.2007.03.003
https://doi.org/10.1016/j.smrv.2007.03.003
http://dx.doi.org/10.1016/j.bbadis.2020.165823
https://doi.org/10.1016/j.bbadis.2020.165823
https://doi.org/10.1016/j.bbadis.2020.165823

ERE

SEMIREE: J8 3 T FOxT B AR g 1152

i K2 A F AL BT 23k f 241

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

effects of strenuous exercise. Cytokine, 2018, 104(3): 136-142. doi: 10.
1016/j.cyt0.2017.10.001.
KR, EARE, MR, A SRHRAE A B BN D RE S0 AR S
Br. B HBIE R 2 F 4R, 2021, 42(3): 464-469. doi: 10.3969/j.issn.1006-
7795.2021.03.021.
ZHAGN Z, WANG D H, SUNN, et al. Analysis of brain function and
heart rate variability in insomnia patients with anxiety. ] Cap Med Univ,
2021, 42(3): 464-469. doi: 10.3969/j.issn.1006-7795.2021.03.021.
KING A C, PRUITT L A, WOO S, et al. Effects of moderate-intensity
exercise on polysomnographic and subjective sleep quality in older adults
with mild to moderate sleep complaints. ] Gerontol A Biol Sci Med Sci,
2008, 63(9): 997-1004. doi: 10.1093/gerona/63.9.997.
RUBIO-ARIAS ] A, MARIN-CASCALES E, RAMOS-CAMPO D J, et
al. Effect of exercise on sleep quality and insomnia in middle-aged
women: a systematic review and meta-analysis of randomized controlled
trials. Maturitas, 2017, 100(1): 49-56. doi: 10.1016/j.maturitas.2017.04.
003.
PR, FUR, FLIEY, S5 1B PER IR ML A2 R T o K
FC5 BN S ATA R RERC AR, FPaEmfi 22 RL2SAR, 2020, 53(2): 85-90.
doi: 10.3760/cma.j.issn.1006-7876.2020.02.002.
LIYX, GEYJ, SUNXY, etal Changed serum levels of neurotrophic
factors and their correlations with sleep and cognition in patients with
chronic insomnia disorder. Chin J Psychiatry, 2020, 53(2): 85-90. doi: 10.
3760/cma.j.issn.1006-7876.2020.02.002.
WHITWORTH ] W, NOSRAT S, SANTABARBARA N J, et al. High
intensity resistance training improves sleep quality and anxiety in
individuals who screen positive for posttraumatic stress disorder: a
randomized controlled feasibility trial. Ment Health Phys Act, 2019,
16(3): 43-49. doi: 10.1016/j.mhpa.2019.04.001.
SANER N J, BISHOP D J, BARTLETT J D. Is exercise a viable
therapeutic intervention to mitigate mitochondrial dysfunction and
insulin resistance induced by sleep loss. Sleep Med Rev, 2018, 37(1):
60-68. doi: 10.1016/j.smrv.2017.01.001.
SEVERINSEN M C K, PEDERSEN B K. Muscle-organ crosstalk: the
emerging roles of myokines. Endocr Rev, 2020, 41(4): 594-609. doi: 10.
1210/endrev/bnaa016.
IRWIN M R, OLMSTEAD R, CARRILLO C, et al. Cognitive behavioral
therapy vs. Tai Chi for late life insomnia and inflammatory risk: a
randomized controlled comparative efficacy trial. Sleep, 2014, 37(9):
1543-1552. doi: 10.5665/sleep.4008.
WANG F, EUN-KYOUNG LEE O, FENG F, et al. The effect of
meditative movement on sleep quality: a systematic review. Sleep Med
Rev, 2016, 30(12): 43-52. doi: 10.1016/j.smrv.2015.12.001.
ERRA, FR, ST, AF SO B IR BT R A R g Lik.
[ B2 310 S, 2023, 29(2): 205-213. doi: 10.3969/j.issn.1006-9771.
2023.02.009.
WANGTJ S, MENG ], GUO Z Z, et al. Effects of mind-body exercise on
sleep quality: a systematic review. Chin J Rehabil Theory Pract, 2023,

29(2): 205-213. doi: 10.3969/j.issn.1006-9771.2023.02.009.

[30]

[31]

[32]

(33]

(34]

(35]

[36]

(37]

(38]

(39]

[40]

LY, FBEGER, TERREE, B T TR IRAE B 57 21 Meta sy
M. MR T 2# Be 24, 2022, 42(2): 59-69. doi: 10.13830/j.cnki.cn44-
1129/g8.2022.02.008.

HOUJT, ZHENGHM, YAN Z Q, et al. Meta-analysis of the efficacy of
baduanjin exercise on patients with sleep initiation and maintenance
disorders. ] Guangzhou Sport Univ, 2022, 42(2): 59-69. doi: 10.13830/j.
cnki.cn44-1129/g8.2022.02.008.

AR, ERE, P, S CGEEASRTE S5 f 2 (2018) MRk 1
Jan. AT 2T, 2019, 26(5): 96-102. doi: 10.16237/j.cnki.cnd4-1404/g8.
2019.05.011.

LIL, CAOT, ZHONG ] W, et al. An interpretation of and inspirations
from the American Physical Activity Guide 2nd Edition (2018). J Phys
Educ, 2019, 26(5): 96-102. doi: 10.16237/j.cnki.cn44-1404/g8.2019.05.
011.

AN KY, MORIELLI A R, KANG D W, et al. Effects of exercise dose and
type during breast cancer chemotherapy on longer-term patient-reported
outcomes and health-related fitness: a randomized controlled trial. Int J
Cancer, 2020, 146(1): 150-160. doi: 10.1002/ijc.32493.

s, A, SR, AE TR AR A R 2R i S
MetaZM7. BHES [ [ [ 25, 2021, 32(2): 504-509. doi: 10.3969/j.issn.1008-
0805.2021.02.75.

LIZR, ZHAN C, GUO CY, et al. Meta analysis of the optimal amount
of Tai Chi exercise for preventing falls in the elderly. Lishizhen Med
Mater Med Res, 2021, 32(2): 504-509. doi: 10.3969/j.issn.1008-0805.2021.
02.75.

KLINE CE, SUIX, HALL M H, et al. Dose-response effects of exercise
training on the subjective sleep quality of postmenopausal women:
exploratory analyses of a randomised controlled trial. BMJ Open, 2012,
2(4): 1-9. doi: 10.1136/bmjopen-2012-001044.

BUMAN M P, KING A C. Exercise as a treatment to enhance sleep. Am]
Lifestyle Med, 2010, 4(6): 500-514. doi: 10.1177/1559827610375532.
STUTZ]J, EIHOLZER R, SPENGLER C M. Effects of evening exercise on
sleep in healthy participants: a systematic review and meta-analysis.
Sports Med, 2019, 49(2): 269-287. doi: 10.1007/s40279-018-1015-0.
BENLOUCIF S, ORBETA L, ORTIZ R, et al. Morning or evening
activity improves neuropsychological performance and subjective sleep
quality in older adults. Sleep, 2004, 27(1): 1542-1551. doi: 10.1093/sleep/
27.8.1542.

FRIMPONG E, MOGRASS M, ZVIONOW T, et al. The effects of
evening high-intensity exercise on sleep in healthy adults: a systematic
review and meta-analysis. Sleep Med Rev, 2021, 60(5): 1-16. doi: 10.1016/
j.smrv.2021.101535.

AFRE, 25, Rihz, 45, 18 S 25 PRI Sy DI REREAT IR
k. T EARF R, 2021, 57(6): 38-45. doi: 10.16470/j.cs5t.2021059.
SHIH W, LIJ, WU CY, et al. Research on improving immune
dysfunction in drug-dependent patients by exercise. China Sport Sci
Technol, 2021, 57(6): 38-45. doi: 10.16470/j.csst.2021059.

YUET, LIUX, GAO Q, et al. Different intensities of evening exercise

on sleep in healthy adults: a systematic review and network meta-analysis.


http://dx.doi.org/10.1016/j.cyto.2017.10.001
https://doi.org/10.1016/j.cyto.2017.10.001
https://doi.org/10.1016/j.cyto.2017.10.001
http://dx.doi.org/10.3969/j.issn.1006-7795.2021.03.021
https://doi.org/10.3969/j.issn.1006-7795.2021.03.021
https://doi.org/10.3969/j.issn.1006-7795.2021.03.021
http://dx.doi.org/10.3969/j.issn.1006-7795.2021.03.021
https://doi.org/10.3969/j.issn.1006-7795.2021.03.021
http://dx.doi.org/10.1093/gerona/63.9.997
https://doi.org/10.1093/gerona/63.9.997
http://dx.doi.org/10.1016/j.maturitas.2017.04.003
https://doi.org/10.1016/j.maturitas.2017.04.003
https://doi.org/10.1016/j.maturitas.2017.04.003
http://dx.doi.org/10.3760/cma.j.issn.1006-7876.2020.02.002
https://doi.org/10.3760/cma.j.issn.1006-7876.2020.02.002
http://dx.doi.org/10.3760/cma.j.issn.1006-7876.2020.02.002
https://doi.org/10.3760/cma.j.issn.1006-7876.2020.02.002
https://doi.org/10.3760/cma.j.issn.1006-7876.2020.02.002
http://dx.doi.org/10.1016/j.mhpa.2019.04.001
https://doi.org/10.1016/j.mhpa.2019.04.001
http://dx.doi.org/10.1016/j.smrv.2017.01.001
https://doi.org/10.1016/j.smrv.2017.01.001
http://dx.doi.org/10.1210/endrev/bnaa016
https://doi.org/10.1210/endrev/bnaa016
https://doi.org/10.1210/endrev/bnaa016
http://dx.doi.org/10.5665/sleep.4008
https://doi.org/10.5665/sleep.4008
http://dx.doi.org/10.1016/j.smrv.2015.12.001
http://dx.doi.org/10.1016/j.smrv.2015.12.001
https://doi.org/10.1016/j.smrv.2015.12.001
http://dx.doi.org/10.3969/j.issn.1006-9771.2023.02.009
http://dx.doi.org/10.3969/j.issn.1006-9771.2023.02.009
https://doi.org/10.3969/j.issn.1006-9771.2023.02.009
https://doi.org/10.3969/j.issn.1006-9771.2023.02.009
http://dx.doi.org/10.3969/j.issn.1006-9771.2023.02.009
https://doi.org/10.3969/j.issn.1006-9771.2023.02.009
http://dx.doi.org/10.13830/j.cnki.cn44-1129/g8.2022.02.008
https://doi.org/10.13830/j.cnki.cn44-1129/g8.2022.02.008
https://doi.org/10.13830/j.cnki.cn44-1129/g8.2022.02.008
http://dx.doi.org/10.13830/j.cnki.cn44-1129/g8.2022.02.008
https://doi.org/10.13830/j.cnki.cn44-1129/g8.2022.02.008
https://doi.org/10.13830/j.cnki.cn44-1129/g8.2022.02.008
http://dx.doi.org/10.16237/j.cnki.cn44-1404/g8.2019.05.011
https://doi.org/10.16237/j.cnki.cn44-1404/g8.2019.05.011
https://doi.org/10.16237/j.cnki.cn44-1404/g8.2019.05.011
http://dx.doi.org/10.16237/j.cnki.cn44-1404/g8.2019.05.011
http://dx.doi.org/10.16237/j.cnki.cn44-1404/g8.2019.05.011
https://doi.org/10.16237/j.cnki.cn44-1404/g8.2019.05.011
https://doi.org/10.16237/j.cnki.cn44-1404/g8.2019.05.011
http://dx.doi.org/10.1002/ijc.32493
http://dx.doi.org/10.1002/ijc.32493
https://doi.org/10.1002/ijc.32493
http://dx.doi.org/10.3969/j.issn.1008-0805.2021.02.75
https://doi.org/10.3969/j.issn.1008-0805.2021.02.75
https://doi.org/10.3969/j.issn.1008-0805.2021.02.75
http://dx.doi.org/10.3969/j.issn.1008-0805.2021.02.75
http://dx.doi.org/10.3969/j.issn.1008-0805.2021.02.75
https://doi.org/10.3969/j.issn.1008-0805.2021.02.75
https://doi.org/10.3969/j.issn.1008-0805.2021.02.75
http://dx.doi.org/10.1136/bmjopen-2012-001044
https://doi.org/10.1136/bmjopen-2012-001044
http://dx.doi.org/10.1177/1559827610375532
http://dx.doi.org/10.1177/1559827610375532
https://doi.org/10.1177/1559827610375532
http://dx.doi.org/10.1007/s40279-018-1015-0
https://doi.org/10.1007/s40279-018-1015-0
http://dx.doi.org/10.1093/sleep/27.8.1542
https://doi.org/10.1093/sleep/27.8.1542
https://doi.org/10.1093/sleep/27.8.1542
http://dx.doi.org/10.1016/j.smrv.2021.101535
https://doi.org/10.1016/j.smrv.2021.101535
https://doi.org/10.1016/j.smrv.2021.101535
http://dx.doi.org/10.16470/j.csst.2021059
https://doi.org/10.16470/j.csst.2021059
http://dx.doi.org/10.16470/j.csst.2021059
http://dx.doi.org/10.16470/j.csst.2021059
https://doi.org/10.16470/j.csst.2021059

242

PR AE2A A (B 2R

5 554

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Nat Sci Sleep, 2022, 14(14): 2157-2177. doi: 10.2147/NSS.S388863.
CORTESE R. Epigenetics of sleep disorders: an emerging field in
diagnosis and therapeutics. Diagnostics (Basel), 2021, 11(5): 1-4. doi: 10.
3390/diagnostics11050851.

CEDERNAES J, SCHONKE M, WESTHOLM J O, et al. Acute sleep loss
results in tissue-specific alterations in genome-wide DNA methylation
state and metabolic fuel utilization in humans. Sci Adv, 2018, 4(8): 1-15.
doi: 10.1126/sciadv.aar8590.

PALAGINI L, GEOFFROY P A, GEHRMAN P R, et al. Potential
genetic and epigenetic mechanisms in insomnia: a systematic review. J
Sleep Res, 2023, 32(6): 13868-13878. doi: 10.1111/jsr.13868.

PALAGINI L, BIBER K, RIEMANN D. The genetics of insomnia-
evidence for epigenetic mechanisms. Sleep Med Rev, 2014, 18(3):
225-235. doi: 10.1016/j.smrv.2013.05.002.

BONNET M H, ARAND D L. Hyperarousal and insomnia: state of the
science. Sleep Med Rev, 2010, 14(1): 9-15. doi: 10.1016/j.smrv.2009.05.
002.

Van SOMEREN E | W. Brain mechanisms of insomnia: new perspectives
on causes and consequences. Physiol Rev, 2021, 101(3): 995-1046. doi: 10.
1152/physrev.00046.2019.

BASCHR, ZEWR, WA, 45 JRARERRG-5 o e E: ok 1 S S e
FNMEAAR L A TESG. oh ERF A A B2, 2020, 50(3): 270-286. doi: 10.
1360/SSV-2019-0234.

ZHAO W R, LICY, CHEN ]JJ, et al. Insomnia disorder and
hyperarousal: evidence from resting-state and sleeping EEG. Sci Sin
Vitae, 2020, 50(3): 270-286. doi: 10.1360/SSV-2019-0234.

Tk, 2P AN IRliE By 5 20 IR 1 R B A0 A B A o o 1) USR8
B EBE2AR, 2020, 44(11): 38-43. doi: 10.16099/j.5us.2020.11.005.
YNAG D. Intervention Effect of Two Different Exercise Modes on Sleep
Ouality of Patients with Primary Insomnia. ] Shanghai Univ Sport, 2020,
44(11): 38-43. doi: 10.16099/.5us.2020.11.005.

MEYER N, HARVEY A G, LOCKLEY S W, et al. Circadian rhythms
and disorders of the timing of sleep. Lancet, 2022, 400(10357):
1061-1078. doi: 10.1016/S0140-6736(22)00877-7.

5, ARPREN, SRATAE. AR W R ELPAG R RO IR . A B4R,

[51]

[52]

(53]

(54]

(55]

2023, 75(2): 279-290. doi: 10.13294/j.aps.2023.0021.
PENG J, REN BY, ZHANG H, et al. Research progress in control
strategies of biological clock disorder. Acta Physiologica Sinica, 2023,
75(2): 279-290. doi: 10.13294/j.aps.2023.0021.
BRI, WRIERE, XU 18 30 SHTR R TUMARRI R ALHI LR A
BT IE kR, o EAERHE, 2020, 56(2): 3-14. doi: 10.16470/j.csst.
2019085.
HUANG Z C, QI Z T, LIU W N. Research progress on the
antidepressant effect, mechanism and joint strategy of exercise and
melatonin. China Sport Sci Technol, 2020, 56(2): 3-14. doi: 10.16470/j.
csst.2019085.
XUETH, BRIRZR, 930z, A RE B A S E ISR 5 7
HIRFIAIZR R, AT S B4R, 2022, 46(6): 94-106. doi: 10.16099/j.
sus.2021.04.30.0002.
LIUH X, CHENP]J, LUWY, et al. Physical exercise: the time clue that
mediates the molecular clock of skeletal muscle circadian rhythm. J
Shanghai Univ Sport, 2022, 46(6): 94-106. doi: 10.16099/j.sus.2021.04.30.
0002.
REID K J, KRAUCHI K, GRIMALDI D, et al. Effects of manipulating
body temperature on sleep in postmenopausal women. Sleep Med, 2021,
81(5): 109-115. doi: 10.1016/j.sleep.2021.01.064.
LACK L C, GRADISAR M, Van SOMEREN EJ, et al. The relationship
between insomnia and body temperatures. Sleep Med Rev, 2008, 12(4):
307-317. doi: 10.1016/j.smrv.2008.02.003.
MURPHY P J, CAMPBELL S S. Sex hormones, sleep, and core body
temperature in older postmenopausal women. Sleep, 2007, 30(12):
1788-1794. doi: 10.1093/sleep/30.12.1788.

(2023 - 04 — 255, 2024 - 01 - 10f&[I)

G Ul

@ ol FEBARI A SCHE R AL B A — AR R R
“ 4. 0F BRI AT B (CC BY-NC 4.0), FE4I{E i1

https://creativecommons.org/licenses/by-nc/4.0/,
OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by—nc/4.0/ .
© 2024 {PUJIRAZ2A4R (B2 YT

Editorial Office of Journal of Sichuan University (Medical Sciences)


http://dx.doi.org/10.2147/NSS.S388863
https://doi.org/10.2147/NSS.S388863
http://dx.doi.org/10.3390/diagnostics11050851
https://doi.org/10.3390/diagnostics11050851
https://doi.org/10.3390/diagnostics11050851
http://dx.doi.org/10.1126/sciadv.aar8590
https://doi.org/10.1126/sciadv.aar8590
http://dx.doi.org/10.1111/jsr.13868
http://dx.doi.org/10.1111/jsr.13868
https://doi.org/10.1111/jsr.13868
http://dx.doi.org/10.1016/j.smrv.2013.05.002
https://doi.org/10.1016/j.smrv.2013.05.002
http://dx.doi.org/10.1016/j.smrv.2009.05.002
https://doi.org/10.1016/j.smrv.2009.05.002
https://doi.org/10.1016/j.smrv.2009.05.002
http://dx.doi.org/10.1152/physrev.00046.2019
https://doi.org/10.1152/physrev.00046.2019
https://doi.org/10.1152/physrev.00046.2019
http://dx.doi.org/10.1360/SSV-2019-0234
http://dx.doi.org/10.1360/SSV-2019-0234
http://dx.doi.org/10.1360/SSV-2019-0234
https://doi.org/10.1360/SSV-2019-0234
https://doi.org/10.1360/SSV-2019-0234
http://dx.doi.org/10.1360/SSV-2019-0234
http://dx.doi.org/10.1360/SSV-2019-0234
https://doi.org/10.1360/SSV-2019-0234
http://dx.doi.org/10.16099/j.sus.2020.11.005
http://dx.doi.org/10.16099/j.sus.2020.11.005
https://doi.org/10.16099/j.sus.2020.11.005
http://dx.doi.org/10.16099/j.sus.2020.11.005
https://doi.org/10.16099/j.sus.2020.11.005
http://dx.doi.org/10.1016/S0140-6736(22)00877-7
https://doi.org/10.1016/S0140-6736(22)00877-7
http://dx.doi.org/10.13294/j.aps.2023.0021
https://doi.org/10.13294/j.aps.2023.0021
http://dx.doi.org/10.13294/j.aps.2023.0021
https://doi.org/10.13294/j.aps.2023.0021
http://dx.doi.org/10.16470/j.csst.2019085
https://doi.org/10.16470/j.csst.2019085
https://doi.org/10.16470/j.csst.2019085
http://dx.doi.org/10.16470/j.csst.2019085
https://doi.org/10.16470/j.csst.2019085
https://doi.org/10.16470/j.csst.2019085
http://dx.doi.org/10.16099/j.sus.2021.04.30.0002
https://doi.org/10.16099/j.sus.2021.04.30.0002
https://doi.org/10.16099/j.sus.2021.04.30.0002
http://dx.doi.org/10.16099/j.sus.2021.04.30.0002
http://dx.doi.org/10.16099/j.sus.2021.04.30.0002
https://doi.org/10.16099/j.sus.2021.04.30.0002
https://doi.org/10.16099/j.sus.2021.04.30.0002
http://dx.doi.org/10.1016/j.sleep.2021.01.064
https://doi.org/10.1016/j.sleep.2021.01.064
http://dx.doi.org/10.1016/j.smrv.2008.02.003
https://doi.org/10.1016/j.smrv.2008.02.003
http://dx.doi.org/10.1093/sleep/30.12.1788
https://doi.org/10.1093/sleep/30.12.1788
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 运动干预对睡眠生理的影响
	1.1 运动干预对睡眠结构的影响
	1.1.1 急性运动干预对睡眠结构的影响
	1.1.2 长期规律性运动干预对睡眠结构的影响

	1.2 运动干预对睡眠期间生理功能的影响
	1.2.1 运动干预对睡眠期间内分泌功能的影响
	1.2.2 运动干预对睡眠期间代谢功能的影响
	1.2.3 运动干预对睡眠期间免疫应答的影响
	1.2.4 运动干预对睡眠期间自主神经系统和心脏功能的影响


	2 运动干预影响睡眠障碍的调节变量
	2.1 运动干预的类型
	2.1.1 有氧运动
	2.1.2 抗阻运动
	2.1.3 身心运动

	2.2 运动量
	2.3 运动强度
	2.4 运动时间段

	3 运动干预影响睡眠障碍的作用机制
	3.1 人体表观遗传机制
	3.2 人体过度觉醒机制
	3.3 人体昼夜节律机制
	3.4 人体体温调节机制

	4 总结与展望
	参考文献

