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Tab. 1 ActiGraph GT3X+ physical activity measurement parameter settings
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W, g A i R FRERR 7 min, B A R P ZIE R 4L 60 1/ min WL R B B D) R 4 B ER30 s
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Tab. 2 Arithmetic means and component geometric means of 24 h activity behavior

. WA min SRR min | B SR P I /min B B ST/ min
17 17
(A He/ %) i He/ %) (A HL/ %) (A He/ %)
MVPA 48.96(3.40) 43.08(3.07) SB 649.27(45.09) 646.01(46.12)
LPA 165.06(11.46) 150.31(10.73) SLLP 576.71(40.04) 561.27(40.07)

RS AL S A (3R 3) AT, SB 5 SLP (9 AH F AR M i 5 (In (SB W [8] /SLP W [a]) = 0.12) , A 5 K&
A T MVPA 5 SB(In(MVPA/SB) =0.45) [a] f A0 B AR B M i ik . 8 AN 5 K AR %
%3 MVPA.LPA.SB 1 SLP ifjEl{E BT S HEEK
Tab. 3 Variational variance matrix for MVPA,LPA,SB and SLP

3 S b i) MVPA LPA SB SLP 17 g i [a] MVPA LPA SB SLP
MVPA 0.00 0.36 0.45 0.40 SB 0.45 0.26 0.00 0.12
LPA 0.36 0.00 0.26 0.37 SLP 0.40 0.37 0.12 0.00

3.2 KE4 24 hiEITH 15 min 2 B8R X B A0S 65 B9 220

PA 15 min AERARET ], XF F K 2% 4 BMI 38450 (48 238 0 R Ll 36 42t L Je RAE Uit (Vo) BB 1 AR AL
AR e 46 A 10 16 S AT )R AR, 45 SR L3 4. 38 4 BR324 ). DL LPA 4% SB15 min, BMI #8072 71 &
0.12 kg/m’ X MVPA 5 ATy 2 [ i B A5 OB Ge it 24 2 L (P <C0.05) , Hirh MVPA 1 SB #H &
B S AR B f K s LPA BR 4% SB i, BMI 45 £, 98 77 0 A8 A7 1 iy i 2 8 38 T, R 22 AR ) B 3 T B
LPA %At SLP i}, BMI 85 . 3% [ Th, ] Z 3 T B ; SLP & {4 SB i), BMI 48 8RN Fl i 3% TR, )R 23
2 TR IR EL T R A e O G H At S Sh AR R AR e R .
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Tab. 4 The effect of 15 min isochronous substitution for 24 h activity behavior on health fitness

- PR B (9520 CD
i SB4 LPA 4 MVPA 4 SLP 4
BMI 4/ SBy 0.12(0.03~0.20) " —0.21(—0.27~—0.15)"  —0.05(—0.07~—0.04) "
(kg * m ?) LPA Y —0.11(—0.27~0.04) —0.08(—0.12~—0.04) * —0.10(—0.15~—0.05) "
MVPA ¥ 0.29(0.22~0.36) * 0.17(0.03~0.31) * 0.26(0.20~0.32) *
SLPy —0.03(—0.12~0.06) 0.13(0.05~0.22) * —0.18(—0.22~—0.15) *
WAE%/%  SBy 0.02(—0.25~0.29) —0.61(—1.11~—0.12) * 0.02(—0.13~0.17)
LPA v —0.03(—0.32~0.27) —0.54(—1.02~—0.06) * —0.01(—0.27~0.25)
MVPA ¥ 0.69(0.20~1.18) * 0.71(0.22~1.20) * 0.71(0.19~1.23) "
SLP y —0.02(—0.17~0.13) 0.00(—0.23~0.24) —0.50(—1.04~—0.14) *
[ /cm  SBY —0.05(—0.10~0.01) —0.21(—0.31~—0.09) *  —0.07(—0.09~—0.05) *
LPA ¥ 0.06(0.01~0.11) * —0.14(—0.24~—0.04) * 0.03(—0.03~0.07)
MVPA ¥ 0.19(0.13~0.25) " 0.23(0.06~0.39) * 0.19€0.05~0.33) "
SLP y 0.13€0.02~0.24) * —0.05(—0.12~0.02) —0.16(—0.27~—0.06) *
Jifi % i /mL SBy 29.97(—1.02~60.96) 159.62(88.49~230.75) * 16.75(—0.71~34.21)
LPAY  —31.10(—64.46~2.26) 128.16(49.63~206.68) * —14.72(—44.22~14.79)
MVPA ¥ —221.47 —191.87 —205.09
(—322.26~—120.68) * (—297.90~—85.83) * (—307.76~—102.41) *
SLP y —16.41(—233.88~1.06) 13.20(—13.92~40.31) 142.85(69.82~215.88) *
V oomas/ SB v —0.08(—0.42~0.26) 1.92(0.94~2.90) * 0.08(—0.11~0.27)
(mL-kg '+ LPAvy 0.10(—0.27~0.47) 1.82(0.95~2.68) " 0.17(—0.15~0.50)
min~!) MVPAy —243(—3.54~—1.32)" —2.51(—3.68~—1.34)" —2.35(—3.48~—1.22)"
SLP v —0.08(—0.27~0.12) —0.16(—0.46~0.14) 1.64(0.84~2.45) *
#A/ SB v 0.58(0.23~0.93) * 1.42(0.61~2.23) * 0.17(—0.03~0.37)
(kg+g) LPAYy —0.61(—0.99~—0.24)" 0.80(0.09~1.51) " —0.45(—0.78~—0.11)"
MVPAyYy —1.95(—3.09~—0.80)* —1.37(—2.58~—0.17) " —1.78(—2.95~—0.61) "
SLP ¥ —0.17(—0.37~0.03) 0.40€0.10~0.71) * 1.24(0.41~2.08) *
ARG IR/ SB Y 0.17(0.07~0.27) " 0.30(0.25~0.35) " 0.05(—0.19~0.28)
cm LPA ¥ —0.19(—0.44~0.07) 0.11€0.05~0.17) * 0.13(—0.09~0.36)
MVPA Y  —0.40(—0.42~—0.38) * —0.23(—0.59~0.13) —0.35(—0.44~—0.26) *
SLPy —0.05(—0.08~0.19) 0.03(—0.09~0.15) 0.24(0.16~0.32) "

TE A RFRIZE S AT o B 15 min, ¥ ARRIZE A7 ISR 15 min. * f£3€ P<C0.05.

WL LI LPA AL SB i BMI 55 8K M I Tt 3% 534 Tk 22 850N 4 £ f01 2 280 1 B 0 2 2 B 41
T SB WL JE X AT R S R A A SB Y S AN G TN EE B T IC R Bk SB i B AL COOMBS 4
KA B ] 5 BMI AR B 56 45 M0 ki br A O AH2% 20 ) 132 15 48 45 47 o U 55 0 A DG R B2 78 R SR F 53 i
B 4 Bk i [ IR RS 0 B RS Sl ) S ok ISE SB 2R AN, DIIX 4y SB 2SR 2= R (HAFIE B LPA
BAR SB A L AT A RO N R 2E A B LA )k — S5 SR 5 SCHk[10— 11 147 76 43 57 vT BB B B B AE 1
JEE VT WA e A B8R AL, JE R B R R 3 S e B L S Zoek LPA I 8] B 5 & Al T E e Ah L a8 5 R
JHE LPA 58 B8 43 S A DG AIF 58 3 W1 A 18] 19 4 3 0 2l 5ik BE U0 i 2% W 38 52 i 4 07 3% 3l K8 19 0F i 45
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OV E AT BT s R ST 0 LPA/SB B B Ay SUE A AR K 22 5 BRI LPA/SB R 4 B SR E
LPA 1 SB 3843 1 1], fe 2R 15 9 8 %4 5 B 1) 20 25 4 7 LA S R J {32 1) 5 i) 5 22 30F 47 5 22 1)
FEIM LA UE » DA T 6 M PP AG SB T LPA 1520

SR BT & B MVPA X R A A 43 LT o0 38 R A0 22 490 1k 30 4 R S i) L 6 B MIVPA J2 5%
M) R 2 A R T B 2 J I E B Rl DA FSTIESE MVPA BB U E ML e i 2 P G A 38 25, DT 384
TN e S5 TH AE AR D LAk L 15T 6 BMIT 48 £5 0 FELRVA S 2877 26 25 FOR X 5 B et L 5 B WIAED i g 45
B—F W, 5 LPA AL MVPA XL TS24 1 00 32 T 000 O 38 AR B 24 B2 40 i1 MVPA 1Y i
R FE AR LA R & L RE R 4 ATP-CPPY  H It MVPA 724 iy AF FHE 1 2 DLk 5] 2 5 i
KT B R g ) R R RS B MVPA B 220k AR E R A E RN AW
S35 SRR AR 2 E IR F IR EE USRI A 420 3 NI L T LPA A AU s 17K
S SRR R AREIESE & B MVPA X0 il 1 B8 EL A B AR . — S0 X A Al K2 A T A 5T
BRI HEAT MVPA T HUG A A KZEA Voo B85 X UL MVPA X4 5 0 fili 35 g 2 &2 L H
WAT B4 3 AT F 98 & B MVPA 5.0 il 38 B T OGN , 3 T 6 5 32 BF AR A7 U 7 48 A 1) 18 26 A0 0 7
BT AV &I MVPA AR SB B4 45 e fE.3X 5 MEYER %77 78 20~ 35 % fidt JE sl A v 45 i ¢
R RAHFT A EF I MVPA 5 SB 32 Hg ), HA i MVPA (1[5 B 320 SB A" g X R {3 i 5]
TR A A5 R 25 AL B B 5 v R AR (L A 25 SR L T DEL 250257 g g i 45 ) 8 A0S T8 BF 9% b R B, MVPA %%
1R SB X AR AR B4 (0 F A AR SB ] MVPA 554k 0] DL A5 20 M 24035 8 4 N B4 {3 n) . 55 — T AFF 5%
H, % =>60 % B AE A E 25 i B AR B 70 R I 30 min MVPA #:AX SB X B4 i 23 FHE T 7K S8 7 R
KRR AL 25 e R L FT BB T MVPA 5 SB[ REFE 22 15, PR I B0 A0 0050 0 A felt S 40 25 tho o e AR
WG PR UESE T 92> SBOH I MVPA B[] %] & e £t e /K - 19 31 2k 45 I AR 45 i R 48 A 1) 2 1 A2 b 2
A U8 AR FRPE.MVPA ST AU 855 28 16 B I8 B2 2L 1 MVPA 53 51 2 A AR AT A i 48 F5 28 4k
PR B R — B4 5 CHASTIN 481 DUMUID 49 5% JL 38 75 /0 45 4 8 B4 55 o B AROR 28D 1) AF 9 245 SR A
— F XA X FR M TT RE 5 R A ) 7 AN [ 3 3l s i 18] o /8 7 A OGN 15 min/d B9 R ARG A AR BF Y
KeprE AR H SBIE Y 2% HE E MVPA WA E 35 %, AR 43X 15 min N MVPA B ] o 857 0 fic 21 H:
b 3% B, Gt K L 4 9 AR Ah B AR S5 BB R B R AR 5 )22 % T SB R, 3X 15 min B IR 3 & — Nl
JIN B R R DAL O T R Ak R S X R

HeAh  ABEFE & B, SLP /X SB 5 BMI 45 BRI Bl 24 1 25 T B, R B SLP 7 — & B2 A B T 5.
FE A 1) B IR AT 1T AL B 98 55 A1 3630 AR A Ol o 0 T 7 A — 3 1% el Mg A0SR i e IR AN S R 7 b 2% 5 e A AR
TR A 3% 7 SR AR GE R B SLP R K 2 A JH Al {2 1 3 R 46 A A G0 T2 78 S0 (H G 52 o 14 2 R
(1 AE [ 0 BB AR R T RSS2 A e A B DR AN R 0% ] A, R O K A AR R B 3k G LA G
Y B AR 0 S £ A0 DA 38 i B A6 8. B8k SLP I R4 25 55 MVPA M HCECh 55 . (0 SLP 78 K24 5 H
24 h Y 5 L2 R 40 % X BE AR TEF AL MVPA 4 18 38 550 25 I S BE 200 SLP 1Y 52 i)

5 & i

FE 24 h 3G EhAT R K2 AE LPA B (B AH X RS E , DA A A FE IR B (8] O 3, H % MIVPA B[] 5 205 B AR
REAL MVPA SR 52 ) 2 A T AR o f o e 1 R 22 R 2L 90 HLRR AR SB IR # {5 SLP Xt BMI 5 £ A
J B ELA IE 1) R 25 . {H e MIVPA R ARAL N 55 5 SB Al LPA JE 7 R F) T4 BE R IE BE 1 & e I8 I, B X% BE A4
PRAEE B A REHI DL MVPA Sk 8 5 (1 et 1 S04 it v] 58 58 0 R A7

Bt 5% B F R (DO1:10.16366/j.¢cnki.1000-2367.2023.10.17.0002).

& % x #t

(1] BRAET,ZEMH, S0, 5. 38 = CO R 2045 g e 1A Re 3O i A 2 s /s [T ). iR F 24 B 24 4l . 2019, 43(5) . 50-57.
CHEN H W,WU X P,DOU L,et al. Health-related physical fitness test of VI youngsters in US and its revelation[ ] ].Journal of Shanghai



i REMEFEATEFNERBEAGRF A 24 hBHT A BERAERMY X A 155

(5]

(6]

(7]

(8]

9]

L1o0]

[11]

(12]

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

[22]

University of Sport,2019,43(5):50-57.

YO AR T TR S AR R NR & A RS R A A SR A L), h B A A B, 2021,42(9) :1281-1282,

i g [ 45 g B A R 20307 BRI ) EB/OL].[2023-10-02]. https: //www.gov.cn/zhengee/2016-10/25/content_5124174.
htm?eqid=1{087d66a0002cff600000004646c2cal.

TREMBLAY M S,LEBLANC A G,KHO M E,et al.Systematic review of sedentary behaviour and health indicators in school-aged chil-
dren and youth[ J].The International Journal of Behavioral Nutrition and Physical Activity,2011,8:98.

JANSSEN I, LEBLANC A G.Systematic review of the health benefits of physical activity and fitness in school-aged children and youth
[J1.The International Journal of Behavioral Nutrition and Physical Activity,2010,7:40.

MEKARY R A,WILLETT W C,HU F B,et al.Isotemporal substitution paradigm for physical activity epidemiology and weight change
[J].American Journal of Epidemiology,2009,170(4):519-527.

KUZIK N,POITRAS V J,TREMBLAY M S, et al.Systematic review of the relationships between combinations of movement behaviours
and health indicators in the early years(0-4 years)[]].BMC Public Health,2017,17(Suppl 5) :849.

CHASTIN S F M,PALAREA-ALBALADEJO J,DONTJE M L.,et al.Combined effects of time spent in physical activity,sedentary be-
haviors and sleep on obesity and cardio-metabolic health markers: a novel compositional data analysis approach[J].PLoS One, 2015,
10(10) :e0139984.

DUMUID D,STANFORD T E,MARTIN-FERNANDEZ J A,et al.Compositional data analysis for physical activity,sedentary time and
sleep research[ ]J].Statistical Methods in Medical Research,2018,27(12) :3726-3738.

TR I AL AR, AF R T A RO A AT T A AE 24 h IS SIAT O 5 AR BT R B g L) . B iR E R, 2022,58(12) :91-97.

ZHANG T,LI H J,LI C,et al.Research on the relationship between 24 h movement behaviour and physical fitness in adolescents based
on component data analysis[ ] |.China Sport Science and Technology,2022,58(12):91-97.

WPR, AU 24 /NI S AEAT S xS 0 T LB M4BT (g B R w194 A5 R AR AR BF S L) ] R B B4, 2020, 40€10) :50-57.

FANG H,QUAN M H,ZHOU T,et al.Relationship between physical activity and physical fitness in preschool children:a cross-sectional
study[ ] ].BioMed Research International,2017,2017:9314026.

JANSSEN I,ROBERTS K C, THOMPSON W.Is adherence to the Canadian 24-Hour Movement Behaviour Guidelines for Children and
Youth associated with improved indicators of physical, mental, and social health? [ J]. Applied Physiology. Nutrition, and Metabolism,
2017,42(7) .725-731.

IMERR, B E AT R S T4 A R AR A 5 P AR B R gl 5 AR RORE RO DG 43 A [T . BLAR TR B 4%, 2021, 48 (18)
3277-3280.

SUN X B,HUANG B Y,FAN Z L,et al.Correlation analysis between physical activity and anxiety in high school students based on com-
positional isotemporal substitution model[ ] ].Modern Preventive Medicine,2021,48(18) :3277-3280.

SASAKI J E,JOHN D,FREEDSON P S.Validation and comparison of ActiGraph activity monitors[ J].Journal of Science and Medicine in
Sport,2011,14(5) :411-416.

A 25, ki o 4R HG  25F A 480 Sl AN TR A A 7K ST 25 4 R Sl I R R g BB 2 e A S (). o T A R 2, 2023, 26 (24) : 2997-3004.

HE R,ZHANG L,LI P,et al.Immediate effects of aerobic exercise on arterial stiffness in a male population with different blood glucose
levels[J].Chinese General Practice,2023,26(24) :2997-3004.

AITCHISON J.The statistical analysis of compositional data[ J].Journal of the Royal Statistical Society: Series B(Methodological) ,1982,
44(2) :139-160.

DUMUID D.PEDISIC Z,STANFORD T E.et al. The compositional isotemporal substitution model:a method for estimating changes in a
health outcome for reallocation of time between sleep, physical activity and sedentary behaviour[ ]J]. Statistical Methods in Medical
Research,2019,28(3) :846-857.

B A LG L VI S50 A 4 5 IR AR R A B A T S fidt R S F 9+ Y T L AR R SSIE RS LT ] R B R 2022,42(2) ¢
51-58.

HUANG B Y, TANJ Y,LIU Q,et al.Comparison and empirical study of the application of compositional isotemporal substitution model
and non-compositional isotemporal substitution model in the research field of health effects of physical activity[]J].China Sport Science,
2022,42(2) :51-58.

B RIS E 2014 4F 9~22 5 SR R E BT RURJE 1 /N AT BUIR 557w R a0 LT . b AR AT A 4
2017,38(3) :341-345.

WANG Z H,DONG Y H,SONG Y,et al. Analysis on prevalence of physical activity time <1 hour and related factors in students aged
9—22 years in China,2014[J].Chinese Journal of Epidemiology,2017,38(3) :341-345.

COOMBS N A, STAMATAKIS E. Associations between objectively assessed and questionnaire-based sedentary behaviour with BMI-

’

et

defined obesity among general population children and adolescents living in England[ J].BM] Open,2015,5(6) :e007172.
JHe 4 T AT SI8 B IS U B BB R T 48 44 Sl IE JHE 2 A U ME AR Bt s e L) BRAC Ty B %, 2019, 46(9) : 1631-1634.



156 AHEIFERFFRCRHF R 2024 4

TENG ] L.Effect of aerobic exercise combined with anti-resistance exercise on weight loss of 48 simple obesity students[ J].Modern Pre-
ventive Medicine,2019,46(9) :1631-1634.

(23] RN EHRLH A ADUHELS A -5 5 A oz g i+ B XS HeBE o [T R B R 24 Be 24 4. 2020, 35(5) : 541-544.
QI'Y G,WANG J,XU D Q.Comparison of the effects of aerobic-resistance and aerobic training on body weight control in female universi-
ty students with obesity[ J].Journal of Tianjin University of Sport,2020,35(5) :541-544,

[24] EFIC. 402 3 A B ML IR N RIH H iRk . 2012.

[25] 205, A mH . A 96 5 % 02 1) 3R T I 25 77 vk 92 6 b i 7 () ] s DU & 4% B 5 41 - 2011, 45(9) : 84-88.
LI F,ZHENG L M.Comparison of flexibility traning methods of calisthenics majors[J].Journal of Wuhan Institute of Physical Education,
2011,45(9) :84-88.

[26] FRAIBE , BRIEFR IR ES 5% 55 R FR w0 0 B 5 gl 0] i A 2D gy A 3 7 RS A AR R 28 g i [ ). b R B R . 2021,57(12) 1 63-74,
SU L Q.CHEN H C,WEN D Z,et al.Effect of high intensity exercise on metabolic response sedentary lifestyle in college students[J].
China Sport Science and Technology,2021,57(12) :63-74.

[27] MEYER J D,ELLINGSON L D,BUMAN M P, et al.Current and 1-year psychological and physical effects of replacing sedentary time
with time in other behaviors[J].American Journal of Preventive Medicine,2020,59(1) :12-20.

[28] DEL POZO-CRUZ B,GANT N,DEL POZO-CRUZ ] ,et al.Relationships between sleep duration.,physical activity and body mass index in
young New Zealanders:an isotemporal substitution analysis[ J].PLoS One,2017,12(9) :e0184472.

[29] RaEd, BRI TS50 AR A A ATy B R0 3 5 2 48 N B (R 43 AR 90 9 0GR LD AL st iR & K% %441, 2022, 45(3) 1 94-103.
WU Z J,WANG Z J,ZHENG H.Relationships between sedentary behavior, physical activity and body composition and grip strength in

older adults based on isochronous substitution[ J].Journal of Beijing Sport University,2022,45(3) :94-103.

Relationship between 24 h activity behavior and health fitness of college
students based on isochronous substitution models

Song Yunfeng', Li Kaixin®, Tan Sijie', Qi Yugang®

(1. School of Sports Health, Tianjin Institute of Sports, Tianjin 301617, China; 2. School of Physical Education and
Sports(School Headquarters) , Zhengzhou University, Zhengzhou 450001, China; 3. Department of Sports,
Tianjin University of Science and Technology, Tianjin 300222, China)

Abstract: [ Objective] This study used the component isochronous substitution model to explore the relationship be-
tween 24 h activity behaviors and health fitness among college students, providing a reference for improving the physical fitness
and health of the college population. [ Methods] In this study, 223 students enrolled in a university in Tianjin were selected as
the study subjects. ActiGraph GT3X-+ was used to record the students’ activity behaviors for 24 h per day, including moderate
and vigorous physical activity(MVPA), light physical activity(LPA), sedentary behavior(SB), and sleep(SLP) time. Compo-
nent analysis was used to analyze and explore the relationship between each component and health fitness, and an isochronous
substitution model was built with 15 min to predict the effects on outcome variables after substitution of each activity behavior.
[Results] The substitution and counter-substitution between MVPA and other behaviors only were statistically significant(P <<
0.05), with the largest changes when MVPA and SB substituted for each other; when LPA substituted for SB, BMI index,
grip strength and seated forward bending all significantly increased, and vice versa only grip strength significantly decreased;
when LPA replaced SLP, BMI index significantly increased, and vice versa significantly decreased; when SLP replaced SB,
BMI index and waist circumference significantly decreased, and vice versa both significantly increased, and the magnitude of the
increase was more pronounced. [ Conclusion] MVPA is a major factor affecting the development of physical fitness in the col-

lege population, and it may be more meaningful to convert SB to MVPA while ensuring moderate sleep.

Keywords: 24 h activity behavior; component analysis; isochronous substitution; health fitness
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Tab. S1  Basic information of subjects

o it 5% e / Voomax/ (mL #1/ A AT

WHOER/%  BAR BMIEE  RIER/% B /em b
mL kg™ !+ min~ 1) (kg g) Jii /cm
B 19.68+1.22 117 23.7345.24 21.60£8.28 77.274+11.09 4 456.90+699.18 46.84749.54 41.68+9.61 10.68+6.77
o 19.4941.31 106 21.924+3.75 26.0247.07 69.84+8.17 3 028.90+606.25 47.57+7.86 25.6245.02 16.31+6.20
Bk 19.5741.26 223 22.76£4.58 24.05+7.92 74.97+13.12 3 667.17£971.25 47.234+8.65 32.80+10.91 13.8047.03
<20.001 0.033 <20.001 <20.001

P

0.042

0.084

0.047




