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Abstract

Objective: Based on the compositional isotemporal substitution model, this study aimed to explore
the relationship and substitution effects between 24-hour activity behaviors and fatigue among col-
lege students, and to provide suggestions for alleviating college students’ fatigue problems. Meth-
ods: From November to December 2023, a random sampling method was adopted to conduct a 24-
hour activity behavior survey and a fatigue status survey on 630 college students from a university
in Zhejiang Province. The survey covered the time spent on sedentary behavior (SB), sleep (SLP),
low-intensity physical activity (LPA), and moderate-to-vigorous physical activity (MVPA). The
isotemporal substitution method of components was used to explore the dose-response relation-
ship between 24-hour activity behaviors and fatigue. Results: (1) SB was positively correlated with
all dimensions and the total score of fatigue (8 = 0.25~1.77). SLP was positively correlated with the
dimensions of physical fatigue, reduced activity, reduced motivation, and the total score (8 =
0.25~1.38). LPA was only negatively correlated with the dimension of reduced motivation (f§ =
-0.10). MVPA was negatively correlated with the dimensions of general fatigue, physical fatigue,
reduced activity, reduced motivation, and the total score (f§ = -1.04~-0.13). (2) The predicted
changes in the 15-minute isotemporal substitution model showed that after MVPA replaced SB or
SLP, the total fatigue score of college students decreased significantly, and replacing SB with MVPA
had the best positive effect on reducing the total fatigue score of college students. (3) In the dose-
response relationship from —20 minutes to 20 minutes, the positive impact of replacing SB or SLP
with MVPA was less than the negative impact of replacing MVPA with SB or SLP. Conclusion: MVPA
has a positive and beneficial effect on college students’ fatigue. To improve the fatigue status of col-
lege students, increasing the time of MVPA and reducing the time of SB as much as possible may be
one of the effective methods.
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BT JUHERISR, AR T BREE 22 (95 557 S AH S ) o 95 57 o — Fb IR Ao B AR BRDIR A, Ry
TIE R IR AR R PRAT FE 0T 4535 30 A T HH B B 2132 Bl FA KD R IR P& (Behrens et al., 2022). —k
b, L TAER 3K TAERS (K IR PR B8 25 5 #1255 57 (Tang et al., 2019; Meng et al., 2015). JTEE4E [
WFFCRIA, A FIRE AT RE 25 5 Wl 55 IR BEAR 2 —(Chen & Qin, 2023). #R1M0, REK AT IR
Bt H#A S RS (Chen & Qin, 2023). O ER{EEE(Liu et al., 2021) A K 7] 4T M (Gu et al., 2024)55 i A
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By 15 3l1(Physical Activity, PA). FEAR(Sleep, SLP). AAL1T M(Sedentary Behavior, SB) CW# i I\ A 57
IBNL R 3R . VR 2 B SO R — 8 S 1 S A5 30 DL R 7 2 PR R A T DA S B 98 57 1) ) A (Wensink et
al., 2022; Harris et al., 2021; De-Mateo-Silleras et al., 2019; Puetz et al., 2008), it % K AALAT HE IR
55 AR (Engberg etal., 2017). SATMEAERRE, RN =FITASEST RIRRN, PHREI1HE2%EH
T[RRI, HIZAAL T ENZ R RRAEE AR SC R . HIER S RTES) . BEAR . AARAT RILEZH
BT N K 24 /NI, T — R IS (B2 BR IR, — A7 D i 1) (1 34 0 sk > i SR 2 3 O ARAT A B35
B />(Dumuid etal., 2018), FMHE & ARG S A AT N RIHEIR N 1A] 2 BT B,  NAZ4R &% 8 =Fh
AT RBUERRN, T 24 h iGs AT MM T L. BT, C&a A DB FE s S AR 7T 24
h G EIAT N AE BN A 5225, 20245 JRIRAE, 2022), (HAEFRATHTAL, H AT AR A wF 7 a4 2
BACORIRTT 24 h WGMT AS T IR R Bk, AR T o & A BARIRTE 24 /NIERIAT AS K%
A9 57 R R S B AT TG BAE BB AR 55 (2R, [RIINSHUMAg e LLR 3 AN Te) s — & Sk F Rl o3 250805 23 i
KEAE 24 /NEFVESIAT NS B A3 AT AHGEIR L BA K 24 /NEFVESIAT N S KA IR R KRR
I AR 23 BT 08 B0 AT A B AR RS AR5 57 (R B2 . = S W BIAT N TR AS [R) IpK F A5E I A0 K22
I 57 R ) “TR B - AR KRR

2. ARFREF*
2.1. HARMNHR

DAL HmR AR KA NI R %, T 2023 4 11 A~12 H K35 641 4y, HpIERE4% 11
1y, WJENA RAE 630 43, HRE 98.3%. EHSHENEZ N, FENARSSE R RE,
HARRAmEREM AL G RERS S,

2.2. AR GE

2.2.1. 24 INEHEENIT R

{5 A [ R 22 2E 24 /NS 34T 4 1) 45:(24-hour movement behaviors questionnaire, 24HMBQ) - 24 /)N
TEEAT VAL . 9 T RIRFE R E R EAE 24 /NS BNAT N RO AR BB FR L [AI5CHK, Zheng 45(2023) 4t 1%
Ve E AR A A ), X NIRRT KA 24 /NI IE ST NI B AR T A . BAKIT S, 24HMBQ
B 33 ANTEAIR, 508 3 NSy, 4 alvEAl AR . AT NI S ARIE SR S B Hrh B iRE
B 53 BN E T AR B 4AE B (Light Physical Activity, LPA)FI A1 1558 i B 3% 5 (Moderate to Vigorous
Physical Activity, MVPA). Zfads, A% ANAEN 0.97, FraLHE MENME A 0.69~0.97.

2.22. HF

15 F R SC iR 22 4 98 55 B R (MFT-20) F T9% 57 1A o MFI-20 (AN K TR 57 0 FERA . —BIE5T
(General Fatigue, GF). &4} 57 (Physical Fatigue, PF). %% 57 (Mental Fatigue, MF). ZI#HL[%{%(Reduced
Motivation, RM)FIiE /b (Reduced Activity, RA) (Smets et al., 1995). F#3t 20 EWH, 5% %R
Likert5 mipForKIEE HS5RAMMTEREE, SRR EBIVEEN 4~20 75, 3808w 2R B4~k
(R 57 R FE i o ZEASHEFE A, MFI-20 £ Cronbach’s o ¥ 0.658.

223. W E

AR EAIEER . EHOR—. K. K2 Ll@RL, kb, BMI. RE 5 &l Tl E gk
Jii & (Body Mass Index, BMI)f& %, BMI 5501t A BMI = &5 (kg)/ & 5 2 (m?). fEGIHEM ST, |k
R IR R A
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2.3. BUEALE

W T B R B A A A R B 5, 180E Dumuid S5(2018)3&EH ) 24 h i&3hAT e Eidl
SHTHREE, 1E R Gt AE(Version 4.2.3) AT 0. BAANEORE: (1) MBS . tHER EA
TR U IE S 24 h WG ENAT I IR) o3 A e s, Al A e B A 1 o B i B R . (2) g
s 2 e R34 o 185 45 B 68 LE % 4 (Isometric log-ratio, ilr) 77 12 VH BR B0HE 22 B L2 M i) i, 76 5
Al AR Tk, BMIVMVEE S, MR G RARA . (3) RS BT SRAAN AT RS E
FRF FRDAF L 5 AR 55 (KB (4) LA 5 min A BB 37 2% 1 95 PR A A9 1) A L 35 ARORH 55 S0 22 5728 A 5
K, ARG ZNAT AR B A S K2 AR 57 I T AR A,

3. 58
3.1. RS

e R RIR, KR¥A MFI-20 %57 B3R S M N(46.46 + 11.46)5r . Hrh, — IS5 0N
(10.12 +£3.02)78« PRI 57 1550 9(9.69 £ 3.01) 7 FEHIE 571373 28(9.10 £ 3.02) 55 T30 155 (9.31
+ 27155 SIHLBERAT 73 N(8.25 + 2.47) 71

KB BUIE MBS U EE A SB. SLP. LPA. MVPA 47 4 a] kL. fide | 7%, K24
¥J SB. SLP. LPA. MVPA SEIMER 814> 514 792.6 min. 504.4 min. 65.0 min. 79.0 min, K4 H
SB. SLP. LPA. MVPA S¥IME 5 L4 5N 55.0%- 35.0%- 4.5%- 5.5%. K242 H¥%J SB. SLP. LPA.
MVPA %5 JUAT AR I 1] 43 5] A 818.0 min. 563.0 min+ 21.6 min. 37.4 min, K2%2E H¥J SB. SLP. LPA.
MVPA 855 JUATE 5 EE 25N 56.8% 39.1%. 1.5%- 2.6%. ] LARHL, SEHCI MR 0 i 18] 1 20 H5e 8 b i)
LPA (1.5%)5 MVPA (2.6%)f — EFEE mifli, X SB (56.8%)F1 SLP (39.1%) M 8145 — & FE BE AR A -

Table 1. Activity behavior status of the research subjects

1. MRWNEEDITRIER

eS| SB SLP LPA MVPA
HAE/min 792.6 504.4 65.0 79.0
HHIIEE L% 55.0 35.0 4.5 55
B4y ¥4 /min 818.0 563.0 21.6 37.4
FAT BME E 53 H/% 56.8 39.1 1.5 2.6

Table 2. Variation matrix for the 24 h activity behavior

3R 2. 24 h AT T RETE) fE A L R AERE

HENAT A SB SLP LPA MVPA
SB 0 0.267 0.447 0.407
SLP 0.267 0 0.291 0.209
LPA 0.447 0.288 0 0.735
MVPA 0.407 0.209 0.735 0

3.2.24 h FBEENTHEREM

FRIE 24 h FESAT A28 SR I, A R TR BT O 1R 2 BRAT A TR 2 AN A] 52 0 B L g o R 2 mT
In (MVPA/SLP)[¥1 77 2£(0.209) N i AT £ b, 1X 3R W] MVPA 5 SLP [P B AK#i M 5 5%, MVPA 5 SLP
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FAT 92 8] AT AT BE A AE A LG 4o 10 LPA 5 HAIE S AT A Mt B b7 239580k, W] LPA 5 SB. SLP
LLE MVPA (R AR NE e 55, 5 HAAT A Z R A 5 R AR, RURSAAEAERRAE LPA L[ Al 50

3.3.24 h BT ASEF RS LEEVA 55

WML, 4. F A BMI MRS, LA ilr ##J5 1) SB. SLP. LPA. MVPA |4 [ 48
B, DL ST . BRI ST . KSR DT . TEBNIRD . BhHLBRAR LA R 57 a0 N IR AR B EEAT I £ B )
M, TRIC 24 b IEBEAT NI IR0 AT S0 57 S 4R KR Z ISR R, BRgE R 3. 5REIR, 24 h
TEENAT N SIS & A K 5 M A BB SR (P <0.001), b SB NI (5 LY 595 55 & 4E 54 S 5
Sy R EAHDE, SLP A 5 b5 JR RS 55 | WS ShikD  ShALRRACYE B 15 43 Jog o7 o) 5 B35 IE MK,
LPA ] 5 FEAY 5 ZhHLBRARAS 23 B B3 R OE, MVPA ] 5 H 5 — 55 . BRI 55 . i&shmib . )
WURRARAE B 1550 S 55 k73 B B 3 A O

Table 3. Results of component linear regression between 24 hour activity behaviors and fatigue

R 3. 24 h BT ASEFHIR S S M EVFER

SB SLP LPA MVPA
25 T P (R2)
O 95%CI P i 95% CI P B® 95% CI P B 95% CI P

—f% 047 021,074 0.00 020 —0.07,047 0.14 0.07 -0.05,0.18 025 -029 -0.44, —0.15 0.00 <0.001(0.07)
ik 042 0.16,0.68 0.00 0.27 0.00,0.54  0.05 0.04 -0.07,0.15 047 -030 -0.45,—-0.16 0.00 <0.001 (0.07)
Fi## 027  0.01,055 0.04 020 -0.07,048 0.14 -0.09 -0.21,0.02 0.12 -0.10 -0.24,0.05 0.20 <0.001(0.03)
&3 025 0.00,049 0.05 025 0.00, 0.49 005 -0.03 -0.13,0.07 058 —0.13 -0.26,0.00 0.05 <0.001 (0.02)
FHL 036  0.14,0.58 0.00 0.46 0.24,0.68 000 -0.10 -0.19,0.00 0.04 —0.22 -0.36,-0.10 0.00 <0.001 (0.03)

=y 177 077,278 0.00 138 036,240  0.01 —0.11 -0.54,032 062 —-1.04 -1.58,-0.50 0.00 <0.001 (0.06)

T TR AREHIE T AR, M T AR EE SRR E R (P <0.05).

3.4.24 h FEFNTA 15 min FREK SREFOTTUEIERL

WM, . TR BMI S, HREESIESIAT NIE 15 min S0 AR TR (25 SR R 2 4),
F 15 min MVPA #4R SB. SLP, J%557 570 70 hll w3 FEAIK 0.35. 0.27 MRAL, [z 4 alRE 0 0.51,
0.43 NHLA7; 15 min MVPA &4X SB. SLP. LPA, — MR 5574370 70 il i 35 P4 0.11. 0.06+ 0.14 /NHAT,
2RI 0.164 0.11. 0.16 NHAZ; 15 min MVPA #4X SB. SLP, HRARJE 5515743 9] 4 25 B A%
0.10~ 0.08 NN, RZAFHIEERI 0.15. 0.12 ANHAL; 15 min MVPA #4X SB. SLP, &zhik/>15 5>
PR EEC 0.04 MRAL, R BIEFEIEIN 0.06 MNHAL; 15 min MVPA #4X SB. SLP, ZWHLE#(KAS5 7
AR ZZ BRI 0.06. 0.07 ANEEAL, 2R EHETE 0.09. 0.10 A7,

Table 4. The impact of 15 minute isotemporal substitution of 24 hour activity behaviors on the predicted values of fatigue (95%

CI)
% 4. 24 h FEFNITA 15 min FRTE A IHE = FUNMERI RN (95% CI)
N — 5 BRI 57 T FE ST AR AR A
BT BT B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)
SB SLP 0.05 (0.02, 0.07) 0.03 (0.01, 0.05) 0.01 (-0.01,0.04)  0.00 (—0.02, 0.02) —0.01 (—0.03,0.01)  0.08 (-0.01, 0.17)
SB LPA —0.03 (-0.14,0.08) —0.02 (—0.13, 0.09) 0.10 (-0.01,0.22)  0.03 (-0.07,0.14)  0.09 (0.00, 0.18) 0.18 (-0.25, 0.61)
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g3k
SB MVPA 0.16 (0.10,022)  0.15(0.09,021)  0.05(-0.01,0.11)  0.06 (0.00,0.12)  0.09 (0.04,0.14)  0.51 (0.27, 0.75)
SLP SB ~0.05 (-0.07, -0.02) —0.03 (-0.05,-0.01) —0.01 (~0.04,0.01) 0.00 (-0.02,0.02) 0.01 (~0.01,0.03) —0.08 (-0.17, 0.01)
SLP LPA ~0.08 (-0.19,0.04) —0.05 (<0.16,0.07)  0.09 (~0.03,0.21) ~ 0.03 (-0.07,0.14)  0.10 (0.01,0.20)  0.10 (<0.33, 0.54)
SLP MVPA 0.11 (0.05,0.08)  0.12(0.06,0.19)  0.04(-0.03,0.10)  0.06 (0.00,0.12)  0.10(0.05,0.16)  0.43 (0.18, 0.68)
LPA SB 0.00 (-0.05,0.05)  0.00 (~0.05,0.05)  —0.05 (-0.10,0.00) —0.02 (~0.06, 0.03) —0.04 (-0.08,0.00) —0.10 (~0.30, 0.09)
LPA SLP 0.05(0.00,0.10)  0.03 (~0.02,0.08)  —0.04 (-0.09, 0.02) —0.02 (~0.06, 0.03) ~0.05 (-0.10, ~0.01) —0.03 (~0.23, 0.18)
LPA MVPA 0.16 (0.07,025)  0.15(0.06,025)  0.00 (-0.10,0.10)  0.04 (~0.04,0.13) 0.05 (~0.03,0.13)  0.40 (0.05, 0.76)
MVPA SB ~0.11 (-0.15,-0.07) —0.10 (-0.15,-0.06) —0.04 (~0.08, 0.01) —0.04 (~0.08, 0.00) —0.06 (—0.09, 0.02) —0.35 (-0.51,0.19)
MVPA SLP ~0.06 (0.11,-0.02) —0.08 (-0.12,-0.03) —0.02 (~0.07, 0.02) —0.04 (~0.08, 0.00) —0.07 (—0.11, ~0.03) —0.27 (0.4, —0.10)
MVPA LPA ~0.14 (-0.27,-0.01) —0.12(-0.26,0.01)  0.07 (~0.07,0.20) —0.01 (=0.13,0.12) 0.03 (~0.08,0.14) —0.17 (~0.68, 0.34)

T TSR T AR, AT RIS B A G R E R (P <0.05),

SB+A SLP+A LPA*A MVPA*A
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Figure 1. The change trend diagram of the impact of the compositional isotemporal substitution on fatigue

E 1. RO FRERINE S F e L ias E

3.5.24 h FEENMTARBEF VESEFH “FIE - Y” XH

ST W ABEER LPA i ME 24 21.6 min HOABAREBME, HOARSCEL S min RS2 5P P47 N
[AI7E—-20 min~20 min [X [f] P S5 5 B AR5 57 20 R A ) AR A 38, DUk — B4R /R S5 B AR [A) 28 4 %o
KRELAEFE TR T8 - %7 RARLE 1) F 1 ERER: (1) H%5ER A MVPA /0% SB. SLP.
LPA I, JE55 M0 E2 PEAK, 12445 &I SB. SLP. LPA 8% MVPA I, 55 M bz EJtb. bk
MVPA #AX SB. SLP. LPA R8N, %595 67 2 BB AIG,  BRARMEE B K2 /MK A SB. SLP.
LPA, RZJE57 M40 LIy, IR R E)/MBAR U SBy SLP. LPA. (2) £HxR3E Bt
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(MVPA 5 SB. SLP)#ATH#—A50#r, WTLUKILEREN[H] MVPA AKX SB. SLP X9 57 &t 43 (1 AR AR e
AINT A BRPTEN G, HIERANFRIGR . 3) BEE SN KN, MVPA (& SB. SLP fii/™”
A AR e 2R T I 55, 170 SB SLP AXE MVPA B = AR (R VH A s iz i i . 14] 1 (4558, MVPA
55 SB. SLP [AF I & ARKHE 57 S 7 5o 25, JF I <5 - AN SRR WA E BT 2 8] BAH
B 57 S R R
4. g

AW R AL GO FEANSL A3 HT I JRITHD, 15 IRAE R S AR B vh R F R 23 S5 B ARTTVEIR K 24 /B 3))
1T RERF KRR IEREBL, FEFLUN R

24 h iESAT N A BEAH B AR FLRE M . FEARBE T, FERKR#4: 24 h vf SB. SLP. LPA AKX
MVPA 8] &5 Eb 43514 818.0 min (56.8%)~ 563 min (39.1%)« 21.6 min (1.5%). 37.4 min (2.6%). SitfE
PRITK A 24 h IEEAT MBI TR ACIE (RS, 2024), #ERFERERILL A2 SB LL A&/ LPA.
MVPA 17, SRR “/Da 248”7 BT A, BORFE B BT RS A AR b ad 7 76 6 A AR IR [a] i
K DA K SR H A R IR o 32— 25 I B 53748 S 4 B 8 SRR 7 1 S [RINE B4 T T BR AR AE IR F it 2,
EAB IS, MVPA 5 SLP &5 KAk, XA ge2 B A RFA R EN . #IE%E, SB S LPA
I T AR, R I RETE A BR (AR R SF 8] 5 =i sk2> MVPAL B[R] SR3S in SLP B 18] AR & 77« LPA
X G BAT A B RO R E FEA 5 5 HARAT R AR et , X AT REAE R LPA VRN K AR BE R B o
WHIEENAT R, BIE SR T LPA MIEE, XFT LA EN MVPA BIRZEAE KL, LPA @ AR E
THRIBEE N KIS 6], A 25 5 30T, R FG s A 5 5 AT kA7 & 4

TEHE— B, RBFTTIE B RO B A AT 25 B R T 24 h IS BIAT N SRS IR R, KL 24 h
TEAAT RN SIS S UL oy 2 A A OG, RNG 24 h TG SIAT AL BRI 5t H 598 57 2 A] (R 25
HBRABGRIEME Hd, MVPA 5B S5 S 1095 57 % 4EFE RO 55 o B R3E ARG, SB 5957 &
YEFE K 57 gy B R E IEAR O, X 5 IE W 9T 45 2R S P — S (Wensink et al., 2022). 1] SLP 598449557 |
TSRS BN YE 2 DL 55 S IEAROG, X5 IAE W70 45 S A B X onl. teab, BRahbLFR(K
YEFEZ Ah, LPA RS HARNE 57 4E R K 57 i o B A O, X [FIRE S AT N IR A48 RAFAE — 8 /0 . 1E
AHFFEH, LPA HoR KI5 95 57 2 0] (1) S5 35 AH DG VR IR B DR ] e A2 RO I 22 3, AR T P8 SRR
KA B SSRGS A e iR, R H VG S a1 /0 (1) LPA 1R M 52 2 H% 554395

[FIS, A FIERTT 24 h 3&E04T8 15 min S8R TT B0 . B S B ARG RER, 15
min MVPA 1% SB. SLP fig &3 AR R A8 55 43, s 73 7 FEAIK 0.35. 0.27 AN AL, A 15 minSB.
SLP A& MVPA Il K2 A 57 By 3 BFE, Ha sy arml EFF 0.51, 0.43 M7, X —BF 54 R a&
W], F MVPA IAIEAX SB. SLP & FAIR R A AR08 557 523 A %07 200 25 8 2138 B K 2 A 5 s A7 72 R IR
AR, R, HAEERR] MVPA XE SB & B 47 I FRAR R 22 AR 0 57 10 7 2. i T ad i /b Sk
URERISE] . BEAR & VAR S b, sUilR B8R, BLSEEl MVPA 5 SB Z [H) [ 46 .
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