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[ Abstract)] Objective To examine the relationship and interaction effects between
exercise duration, sleep duration, and depressive symptoms among Chinese adults. Methods
Data from the 2022 China Family Panel Studies (CFPS) were used, restricted cubic spline (RCS)
and multiple linear regression models were applied to analyze the relationship between exercise

duration, sleep duration, and depressive symptoms. Results A total of 18,838 participants were
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included. Multivariate linear regression analysis showed that, each one-standard-deviation increase in weekly
exercise duration was associated with a 0.12-point decrease in depressive scores [B=-0.12, 95%CI(-0.19, -0.05)].
Each standard deviation increase in daily sleep duration was associated with a 0.40-point decrease in depression
scores [B=-0.40, 95%CI (-0.47, -0.34)]. RCS model analysis showed that, after controlling for demographic
and socioeconomic variables, weekly exercise duration was significantly and non-linearly negatively correlated
with depression scores. Depression scores decreased rapidly with increasing exercise time, leveling off after
approximately 150~300 minutes per week, with no rebound in depression observed due to excessive exercise.
Daily sleep duration showed a weak U-shaped association with depression scores, with the lowest depression
scores observed at approximately 8 hours of sleep. Interaction effect analysis further indicated a significant
exercise-sleep interaction effect [=0.08, 95%CI (0.03, 0.13)]. Under conditions of insufficient sleep, the
mental health benefits of exercise were significantly reduced, while sufficient sleep significantly enhanced the
antidepressant effects of moderate exercise. Conclusion Exercise and sleep exert nonlinear dose-response
effects and synergistic interactions on depression. Individuals with sleep deprivation should prioritize sleep
improvement before integrating exercise interventions to achieve optimal mental health benefits. Public health
strategies should advocate for integrated “sleep-exercise” intervention models.
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Table 1. Basic characteristics of the study participants
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Table 2. Results of multiple linear regression
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Figure 1. Linear relationship between exercise duration,
sleep duration, and depression
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Figure 2. The independent effects of exercise duration and sleep duration on depression scores
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Table 3. Results of multivariate nonlinear regression analysis

A i Bfi (95%CI) SEfH Pl
B FRL (RCS)
== -0.26 (-0.32, -0.20) 0.03 <0.05
BEAR2 -0.15 (-0.21, -0.10) 0.03 <0.05
FEZR3 0.09 (0.04, 0.14) 0.03 <0.05
AR 32300 (RCS)
FE2%1 -0.41 (-0.47, -0.35) 0.03 <0.05
FE42 -0.33 (=040, -0.27) 0.03 <0.05
FEZR3 -0.15 (-0.21, -0.08) 0.03 <0.05
ZHRN (GB35 x MR ) 0.08 (0.03, 0.13) 0.03 <0.05
PR A
ARHS -0.03 (-0.03, -0.02) 0.00 <0.05
Bk -0.49 (-0.60, —-0.37) 0.06 <0.05
HE K -0.74 (-0.83, -0.64) 0.05 <0.05
[ERRE3E 3NV 0.88 (0.82, 0.94) 0.03 <0.05
ST BB 0.72 (0.55, 0.90) 0.09 <0.05
pie ¢ Yl -0.51 (-0.64, -0.38) 0.07 <0.05
A PP A K -0.18 (=027, -0.11) 0.04 <0.05
[EREE RSN -0.27 (-0.34, -0.20) 0.04 <0.05
SR B -0.47 (-0.62, -0.33) 0.07 <0.05
EH TAE 0.15 (0.02, 0.28) 0.07 <0.05

E: B %3 AF (19, 18815) =162.27, P<0.05, R’=0.15; RCS.JRH|M = H A5,

IR NMEFEIRI S ST R (B 2) LU
MAIEAR AR (BIRL 3) 5, %38 B Al
TN B I T2 i X, H Rl R85 )
H[B=0.07, 95%CI (0.01, 0.12) 141 [B=0.06,
95%CI (0.00, 0.11) ] X—ZAsfbFRW, AR
TRFOIRS MAt S A Br i (INEE K. Kz
AL SRCRALAE ) PTREM R RTR N R A
ANV, AT S 3O AN B AR AL £E 2 Tk
PO, AL, FrA AR H AR Y 22K
K (VIF) #fKF 10 (K VIF<2) , £
IR ORI 2 Y 2 B AL M T, 25 LT
R, AT T8 A R R fdrE (R
#x1).

RCS HUBME /25 3R], R K
e B RIS [RTAARAE R %) SR B 791 o 1 O 37
KW IE A HAE T, N SZ A5 8 5 S e 1Y) Jd
R, A B REIR A% P R A IR I T
MR AL, (B G2 0 2 A R i AR £
PERIA R LR, RUISSIE EA RIF it i
PE (KR 2) o

3 it
REAEAT T UESE AR, B AT 25 AR A7 78

yxxz.whuznhmedj.com

MHESZMPE R, AZE PP gaERk, B
Z MR R TTIE Y ARHEIE & BLAE H
AR B X AR e R AT AR R PR T R, 2R B
R IR B ] B AS 2 bt K 5 s 18 4T AR XU
WA, 5 Alvaro 45 " BFGE S5 IR —3, #h&
196 JoF AR I 435 ) A I S i PR 81 00 RIS w A7 A
&, BAEYHNE, IR E 5] % 1)
GEIE JL IV 2 R AR 1T B 2 e AR FHH X A 7= A A
IR 2, AWESEIE K PLE R B K S AR
iR 3 B ) DG B A g R R B T
DI 11K [ 5 R N O 5 N (BN [ = 2P A e | B2
PERR, MUERME S T —FHRE —
RIS B X, RI7E ks sh v,
KAz sh e B E R AR RE R . B 12 o a1
INE R EEIKOF-, AR RON AT 35 (H i S ek 55
SRR sT 4 R —2 P, 3 B iz shal B
MERREY BEARAAEAKSE P sz m 9 (4n
B4 BDNF ) P S ML s 2, Mk, &
5 B A B s U R RE S BRI Y T B ik
105 B AR S R S0 BRI, AT R A HE T
HzG bl e B A E B

BB AR st 5 BRG] 22 [R) A7 i 35 AR A8 K
N, T AR T A RN S AR O . BEARAS LR



52 EZFF40 2026 &£ 1 A% 36 5% 1 # New Medicine, Jan. 2026, Vol.36, No.1

18 Bl T R A RE S SR G S AR IS 4, i h
SR AR KT AT P AERAZ s B AT 28 31 S I S AR
Ko ARG MATHRATIR A AL, fm TIRE
§B IR 5 B IR R 7 2 A RIS RE IR b ¥ B [R50z
SRR a e —3 P X — RO AT BRI
T A FRZ 0 CHE, R E O T A R
S DX (1) © I8 175 20 S5 AL Sf g S R IR T A, T B
IR £ 11 38 XA 32 SR ARAARAE R 1 B A2
BAEEM A A A DY, AT IS 8 R ARE
T[] 18 A A 2 s T o R IR S S T R A
Zah TARAS, W398 shT AR Y, MR RIZE
J& HPA BRI, iz I il 2k 0% 45 4% CRH i
ZeouHG s AR AR AT O P HRH A B P AR R A
SUCESER, L S BRI AN LI shill s 2
“HPRIBIE" o TR HERRAN AT, /MR AT i
W, RAERFRI™, Tz shtfi & BDNF 55
B0 55 T2 Sh IR BRI, X R E AR
FHBE IR SEAE 92 AR R IR A E e R0 25 5 270, R
FEh AHERNCRE “IRAeHGEiElR, H5Siss)”
FEEA T IR — I X AT AT ST A B,
FELRMEAR T ] < 6 h 2= 9 h &2k & 78 5h
TR B A, R, X T E A R AR )
AR, ARSI T2 ), T RE R MM
IR miXELIR SR . Ik, 7Esciedh i Seniimal A
HAT T | BEAR T AR 20 45 SNSRI P 1
WEBRAK MM RE 22 J5, FigI Az sh TR, PASE
IRA AR KBS 1 H A

AR GEANAFAE—E SRR o A5 A A Do T
B, PR RAEWT;  RE AR I oK X e
R B, Hgke= XTHERR T 1 i R4 5)
A (P 2 SARECR . Roknl I
IZWR I REEARRSY, B2 sh - MR Y 53
R, PASRIEE s — BERR G O PR R VE R . 1t
Gb, BRI REHXTEAR, T REAEAE MR
BRI B ZE D ZE S AR S 4, S5 S A ST
N PR R Z A [ 2 . RO
AT MR F 51T SR, 2 PIRRAF
k12 By 5 IR T 750 8% R T fi Ao B B
FAYI B 25N

ARMF5EiE T RCS BRI AL T 38 3 — BRIR A B
VEFAAE LR AL, 2 BRAR AT O BRAEERR 1
SN AETE YR EIALA], XU 2 A EE T 1500 B S
PIABF L) Y e LRk 2 o X BEAR A 2B 2, PRl

Sz sl A RE S BT BRI, L IE e e e
WP P A E TA FR 1] i) o i A P 2
PSR AL T4

AR (EEZHRM) EMMFE (https://
yxxz.whuznhmedj.com/futureApi/storage/
appendix/202509013.pdf )

IR AU T CPPSEU %, %50 H B3RSk
PR SAR I BRI (it : TRB00001052-14010)

EETEK: OIBOt: XA R, Bt XUERS . i
W B, BREE BSOS . XIFRA; SCREHTR . JEESCRR R
BHEIREL: AW IR (50 ST T/ECFPSE . Chitp://
wwwisss.pku.edlu'll/('fps/) FRHEL

MEEMRER: T

Bt A

SE 3k

1 Huang Y, Wang Y, Wang H, et al. Prevalence of mental disorders in
China: a cross—sectional epidemiological study[J]. Lancet Psychiatry,
2019, 6(3): 211-224.

2 Erickson KI, Voss MW, Prakash RS, et al. Exercise training increases
size of hippocampus and improves memory[J]. Proc Natl Acad Seci
USA, 2011, 108(7): 3017-3022.

3 Chekroud SR, Gueorguieva R, Zheutlin AB, et al. Association between
physical exercise and mental health in 1.2 million individuals in
the USA between 2011 and 2015: a cross—sectional study[J]. Lancet
Psychiatry, 2018, 5(9): 739-746.

4 Lopez-Torres Hidalgo J. Effectiveness of physical exercise in the
treatment of depression in older adults as an alternative to antidepressant
drugs in primary care[J]. BMC Psychiatry, 2019, 19(1): 21.

5 Soong RY, Low CE, Ong V, et al. Exercise interventions for depression,
anxiety, and quality of life in older adults with cancer: a systematic
review and Meta—analysis[J]. JAMA Netw Open, 2025, 8(2): €2457859.

6 EHE, BB, IR SF L BAR CBRHRI G . e B S AR
HEAR AR G LT (], AR P i 258 L 2024, 28(11): 1250~
1256, 1280. [Cao Y, Wu Y, Su BB, et al. Correlation analysis of sleep
duration, bedtime, and depressive symptoms in middle—aged and older
adults[]J]. Chinese Journal of Disease Control and Prevention, 2024,
28(11): 1250-1256, 1280.]

7 Lyall LM, Sangha N, Zhu X, et al. Subjective and objective sleep and
circadian parameters as predictors of depression-related outcomes: a
machine learning approach in UK Biobank[J]. J Affect Disord, 2023,
335: 83-94.

8  Roberts RE, Duong HT. The prospective association between sleep
deprivation and depression among adolescents[J]. Sleep, 2014, 37(2):
239-244.

9 Schuch FB, Stubbs B. The role of exercise in preventing and treating
depression[J]. Curr Sports Med Rep, 2019, 18(8): 299-304.

10 Lin CY, Lai TF, Huang WC, et al. Sleep duration and timing are
nonlinearly associated with depressive symptoms among older
adults[J]. Sleep Med, 2021, 81: 93-97.

11 Ghrouz AK, Noohu MM, Dilshad Manzar M, et al. Physical activity and

sleep quality in relation to mental health among college students[J].

yxxz.whuznhmedj.com


https://yxxz.whuznhmedj.com/futureApi/storage/appendix/202509013.pdf
https://yxxz.whuznhmedj.com/futureApi/storage/appendix/202509013.pdf
https://yxxz.whuznhmedj.com/futureApi/storage/appendix/202509013.pdf
http://www.isss.pku.edu.cn/cfps/
http://www.isss.pku.edu.cn/cfps/
https://pubmed.ncbi.nlm.nih.gov/30792114/
https://pubmed.ncbi.nlm.nih.gov/21282661/
https://pubmed.ncbi.nlm.nih.gov/21282661/
https://pubmed.ncbi.nlm.nih.gov/30099000/
https://pubmed.ncbi.nlm.nih.gov/30099000/
https://pubmed.ncbi.nlm.nih.gov/30642326/
https://pubmed.ncbi.nlm.nih.gov/39903465/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPamJrenp6MjAyNDExMDAyGghsczR3dTFoNg%3D%3D
https://pubmed.ncbi.nlm.nih.gov/37156273/
https://pubmed.ncbi.nlm.nih.gov/24497652/
https://pubmed.ncbi.nlm.nih.gov/31389872/
https://pubmed.ncbi.nlm.nih.gov/33640843/

EZFFHE 2026 &£ 1 AL 36 5% 1 B New Medicine, Jan. 2026, Vol.36, No.1

W
W

20

21

22

Sleep Breath, 2019, 23(2): 627-634.

Briggs R, Carey D, O'halloran AM, et al. Validation of the 8-item
centre for epidemiological studies depression scale in a cohort of
community—dwelling older people: data from the Irish longitudinal
study on ageing (TILDA)[J]. Eur Geriatr Med, 2018, 9(1): 121-126.
PR B . CREASRIG ISR 2 i (2018))
fift B2 B i (] 1R B 4 1)L 2019, 26(5): 96-102. [Li L, Cao T,
Zhong JW, et al. Interpretation and implications of the 2018 physical
activity guidelines for Americans, 2nd edition[]J]. Journal of Physical
Education, 2019, 26(5): 96-102.]

BEESE b SE L m. T2 S S R S 4 T B0 LB
J& /R[D]. W bR IS K 2, 2023, [Yin HW. Comparison of
physical activity guidelines from China, the United States, Canada,
and the World Health Organization and implications for China[D].
Shanghai: Shanghai Normal University, 2023.]

BOCHE, EAE RN, AL A E SR 2 R (2021)10).
FREAIE TR | 2022, 38(2): 129-130. [Zhao WH, Li KJ, Wang YY,
et al. Physical activity guidelines for the Chinese population (2021)[J].
Chinese Journal of Public Health, 2022, 38(2): 129-130.]

Hirshkowitz M, Whiton K, Albert SM, et al. National sleep foundation's
sleep time duration recommendations: methodology and results
summary[J]. Sleep Health, 2015, 1(1): 40-43.

BEE, RANE GG AR AR S0 PR
KA B BAIIBIESE [J]. T [ B B 7 2025, 26(6): 697-702.
[Luo YX, Zhang XC, Shu T, et al. A cohort study on the association
between sleep duration and cardiovascular disease in middle—aged and
elderly populations[J]. Chinese Journal of Preventive Medicine, 2025,
26(6): 697-702.]

S, XI5, wrC sy, A . o R R AR R B A Bl
MBI B I TR (1. Th IR R A4 |, 2025, 40(3): 261-268.
[Lyu XR, Liu FC, Huang KY, et al. Association between sleep duration
and physical activity with cardiovascular disease incidence among
Chinese residents[J]. Chinese Journal of Circulation, 2025, 40(3): 261-
268.]

Dong J, Huang J, Parisi JM, et al. Depressive symptoms among
middle—aged and older adults in China: the interaction of physical
activity and sleep duration[J]. Sleep Health, 2025, 11(2): 214-221.

Liu D, Xing C, Guo J. Age and gender disparities in joint associations
of physical activity and sleep duration with depressive symptoms
trajectories: a longitudinal analysis of Chinese middle-aged and older
adults[J]. Aging Ment Health, 2025: 1-10.

Wang T, Han W, Wang C, et al. Interaction effects of sleep duration
and activities of daily living on depressive symptoms among
Chinese middle—aged and older adult individuals: evidence from the
CHARLS[J]. Front Public Health, 2025, 13: 1547329.

Alvaro PK, Roberts RM, Harris JK. A systematic review assessing
bidirectionality between sleep disturbances, anxiety, and depression[J].

Sleep, 2013, 36(7): 1059-1068.

24

25

26

27

28

29

30

31

32

34

35

36

37

Goldstein AN, Walker MP. The role of sleep in emotional brain
function[J]. Annu Rev Clin Psychol, 2014, 10: 679-708.

Boecker H, Sprenger T, Spilker ME, et al. The runner's high:
opioidergic mechanisms in the human brain[J]. Cereb Cortex, 2008,
18(11): 2523-2531.

Lesnak JB, Berardi G, Sluka KA. Influence of routine exercise on the
peripheral immune system to prevent and alleviate pain[J]. Neurobiol
Pain, 2023, 13: 100126.

Szuhany KL, Bugatti M, Otto MW. A Meta—analytic review of the
effects of exercise on brain—derived neurotrophic factor{J]. J Psychiatr
Res, 2015, 60: 56-64.

Cadegiani FA, Kater CE. Hormonal aspects of overtraining syndrome:
a systematic review[J]. BMC Sports Sci Med Rehabil, 2017, 9: 14.
Firth J, Solmi M, Wootton RE, et al. A Meta-review of "lifestyle
psychiatry": the role of exercise, smoking, diet and sleep in the
prevention and treatment of mental disorders[J]. World Psychiatry,
2020, 19(3): 360-380.

Yang J, Zheng X, Wang Y, et al. The association hetween physical
activity and depressive symptoms in US adults is modulated by sleep
duration: gender disparities[J]. Discov Ment Health, 2025, 5(1): 79.
Wang Z, Zhu Y, Li C, et al. Correlation between physical exercise
levels, depressive symptoms, and sleep quality in college students:
evidence from electroencephalography[J]. J Affect Disord, 2025, 369:
789-799.

Minkel JD, Banks S, Htaik O, et al. Sleep deprivation and stressors:
evidence for elevated negative affect in response to mild stressors when
sleep deprived[J]. Emotion, 2012, 12(5): 1015-1020.

Da Silva Rocha-Lopes J, Machado RB, Suchecki D. Chronic REM
sleep restriction in juvenile male rats induces anxiety-like behavior
and alters monoamine systems in the amygdala and hippocampus[J].
Mol Neurobiol, 2018, 55(4): 2884-2896.

Zhai S, Yin MM, Sun HQ, et al. The day—night differences in cognitive
and anxiety—like behaviors of mice after chronic sleep restriction[J].
FASEB J, 2023, 37(7): €23034.

Irwin MR. Sleep and inflammation: partners in sickness and in
health[J]. Nat Rev Immunol, 2019, 19(11): 702-715.

Sang D, Lin K, Yang Y, et al. Prolonged sleep deprivation induces a
cytokine—storm-like syndrome in mammals[J]. Cell, 2023, 186(25):
5500-5516. e21.

Veler H. Sleep and inflammation: bidirectional relationship[J]. Sleep
Med Clin, 2023, 18(2): 213-218.

Kekkonen E, Hall A, Antikainen R, et al. Impaired sleep, depressive
symptoms, and pain as determinants of physical activity and exercise
intervention adherence: an exploratory analysis of a randomized

clinical trial[J]. BMC Geriatr, 2025, 25(1): 211.

Yo HIL: 2025409 3 02 H #&RIHE): 20254510 4 21 H
AR Y A ook

SUNASC: XA, B0fEls, i, 5. b A SRR G | BEIR I S VAR Y G & . T CRPSEUR 20220 SIEWFIT[I]. BE240%0, 2026,
36(1): 47-53. DOL: 10.12173/j.issn.1004-5511.202509013.
Liu JC, Xu YT, Yang F, et al. The relationship between exercise duration, sleep duration, and depressive symptoms in adults in China: an empirical study based

on the CFPS database 2022[J]. Yixue Xinzhi Zazhi, 2026, 36(1): 47-53. DOI: 10.12173/j.issn.1004-5511.202509013.

yxxz.whuznhmedj.com


https://pubmed.ncbi.nlm.nih.gov/30685851/
https://pubmed.ncbi.nlm.nih.gov/34654281/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhINdHl4azIwMTkwNTAxNBoIbzRiZjc5cHo%3D
https://d.wanfangdata.com.cn/thesis/Ch1UaGVzaXNOZXdTb2xyOVMyMDI1MTIyOTE1MzQ0MhIJRDAzMDI3NTg1GghheHpoOXF0OA%3D%3D
https://kns.cnki.net/kcms2/article/abstract?v=Ks9d5KSMf4UOWNfO1lk88djbIIAHbx_sRujxy_IAJ_kfkpp3ltfio51OjJU0oAYJznva9K4NwKMLk6NU0t6Mol798LVX2gexIBAOm8--Qu5fXjS7srnTsZnYu1TUOAsFj-NdqHnuLRs2TnDHgromcFWxYwtzaQPW7lMW_PhAfCxM_rQdiRUjVw==&uniplatform=NZKPT&language=CHS
https://pubmed.ncbi.nlm.nih.gov/29073412/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIRemd5Znl4enoyMDI1MDYwMTAaCHB2aTg3bDc3
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemd4aHp6MjAyNTAzMDA5Ggg1eDc1MWFxbQ%3D%3D
https://pubmed.ncbi.nlm.nih.gov/39843291/
https://pubmed.ncbi.nlm.nih.gov/39980297/
https://pubmed.ncbi.nlm.nih.gov/40151594/
https://pubmed.ncbi.nlm.nih.gov/23814343/
https://pubmed.ncbi.nlm.nih.gov/24499013/
https://pubmed.ncbi.nlm.nih.gov/18296435/
https://pubmed.ncbi.nlm.nih.gov/37179769/
https://pubmed.ncbi.nlm.nih.gov/37179769/
https://pubmed.ncbi.nlm.nih.gov/25455510/
https://pubmed.ncbi.nlm.nih.gov/25455510/
https://pubmed.ncbi.nlm.nih.gov/28785411/
https://pubmed.ncbi.nlm.nih.gov/32931092/
https://pubmed.ncbi.nlm.nih.gov/40445256/
https://pubmed.ncbi.nlm.nih.gov/39395679/
https://pubmed.ncbi.nlm.nih.gov/22309720/
https://pubmed.ncbi.nlm.nih.gov/28455701/
https://pubmed.ncbi.nlm.nih.gov/37341989/
https://pubmed.ncbi.nlm.nih.gov/31289370/
https://pubmed.ncbi.nlm.nih.gov/38016470/
https://pubmed.ncbi.nlm.nih.gov/37120163/
https://pubmed.ncbi.nlm.nih.gov/37120163/
https://pubmed.ncbi.nlm.nih.gov/40158087/

