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] E: AT d A RS 406 % 18~24 F KFATRMY @AE, @B FKAE3E A
5 s R IR A A A AT 24 h BT AL, KA ARG RIRE FA RS REKT, EA RS
S AR ERER TS RF A 24 h FHTHE AL R ARAFRAE, EREF:
()24h FHITALERFAEAMNEELSR T, LERLEHSH ZEHX(P<0.001), MVPA, LPA ZpE
IRET A B3 5 K F A gl R E s 2R FEMAMVPA: B=3.68, P<0.05; LPA: B=145,
P=0.05; BERR: B=1.95, P<0.05), X A24TAMB 5 XRFAAMNEELIZEE AL
(B=—431, P<0.05); (2)15 min ¥ 6% KRBT TR T, MVPA BB EMENITAHERF AR
M EAF S B F L5, B MVPA R A AT AT AN EAF 50 208 4% (3)4EA—40 min
5| 40 min 897 B-2 W £ A P, EAATABHAK MVPA = A 69 KA %0k K T MVPA 3K 4474 &
A B4, FIaY S min A REA R TG RAELEITE, FFRIAA, KRFE 24h FHITHAGLEEZ
MALE G EEN, LE R KIE MVPA R Fo 2 A wt 1A it K xF K 3 4 Bkt R ed i @¥eh, 1eE X
AR AT Hy ) MVPA & 5 AL VT VAR R & K 5 A oy KT, MR TR 2 TR 5 —E %7
B, #dh, H X 45 min 49 MVPA RIKIEF RS LK F A KT R SRR A2 R H
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Compositional isochronous substitution model to analyse the association between
24-h movement behaviour and self-measurement health for university students
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Abstract: A cross-sectional survey was conducted from April to June 2024 on 1 406 college students aged 18 to 24
years in a university in Henan. 24-h movement behavior was investigated by the International Physical Activity
Questionnaire and the Pittsburgh Sleep Index Scale, and the self-measurement health scale was used to assess the
health level of college students, and the association between the 24-h movement behavior of college students and
their self-measurement health was analyzed by using the methods of constituent data and isochronous substitution
modeling, as well as the substitution. The association between 24-h movement behavior and self-measurement
health and the substitution effect were analyzed using component data and isochronous substitution model. The
results showed that: (1) there was a significant correlation between 24-hour movement behaviors and various

factors, dimensions, and the total score of self-rated health among university students (P<0.001). The proportions of

Yks HER: 2024-10-10

EEWE: WA T AL SRFRAE T H (2022BTY017); 1RG5 #EE SN &0 (HNGD2024001); FRH K 2EAF5E A B H L3 H
(20240343).

EERN: Z=IUKQ001-), &, WiEWsAE, M. OBERS5E8 THl, E-mail: kxin@gs.zzuedu.cn MBEMEH: 2



140

BT

time spent in MVPA, Sleep, and LPA were significantly positively correlated with the total self-rated health score
(MVPA: p=3.68, P<0.05; Sleep: f=1.95, P<0.05; LPA: p=1.45, P=0.05), while the proportion of time spent in
sedentary behaviour was significantly negatively correlated with the total self-rated health score (=-4.31, P<0.05).
(2) The 15-min isochronous substitution model predicted changes showing that all college students' self-tested
health scores increased significantly after MVPA replacement of other movement behaviors, and that MVPA
replacement of sedentary behaviour had the best effect on increasing self-tested health scores. (3) In the dose-effect
relationship from -40 min to 40 min, the adverse effects of MVPA replacement by other behaviors outweighed the
benefits of MVPA replacement by other behaviors; furthermore, 5 min was the optimal turning point for changes in
health benefits. The research suggests that the combined effects of 24-hour movement behaviors of college students
deserve great attention, especially the negative impact of MVPA deficiency and sedentary time on the overall health
of college students. Promoting the conversion of sedentary behavior to MVPA moderation can effectively improve
the health of college students, and sleep may be another important direction for health intervention. In addition, the
minimum recommended amount of MVPA of 45 min per day could yield the most efficient physical health gains.

Keywords: 24-hour movement behavior; compositional analysis; isochronous substitution model; self-measurement
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HETFE SRR G RIS .

WAWFFEERY, BTG D) ] A AL FIHERRAS
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fi s BRI SRR A AR T RN, R SR i3
ANFEE ST I E A AR, SO RaE R T RE R A iR
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S5 8l (moderate to vigorous physical activity, MVPA),
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1 MRWIREFE
1.1 HMRMR

DI R A8 e R A FEAS K2 A X 4, T 2024
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PRE, 24 h IS T BRI o ARGFFEATHM
KA HIZE B AL HE(ZZUTRB2024-97).
1.2 MRAE

D 2R [ R 2

PHA N AR M AR AR RIS AE) |
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SEMA T SRR, SR ACRESCIERREE (/N
FRUUE . e R WA DA B RO
FR R REL T (< 3 000 JG. 3 000~4 999 JT
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2)24 h i shAT A

T VMR AR 24 h & ST, WRSTRTE 8K
U0 4E I 73z d H A [ BrAK 7 3 3h 7] % (international
physical activity questionnaire , IPAQ)H SR DA A DL 2% &
IR T i 45 £ (pittsburgh sleep quality index, PSQI)HIC
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SRR T] SRy 7 5 R A 2 SR A T R P
M5E ) 46 1 2 A BEAL B 90 44 2 15 4 il 3L
ActiGraph GT3X(IEE )&, LA WIC A8 &
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H Y Pearson AHCREUT S =038, r=0.49, 1
IR pEEAR G H R RATFIA R

3) H MRV AE B

iz A A D fE R E 2 & K (self-rated  health
measurement scale, %RHMS)IWE%&E%E@{}%Jﬁ:{kﬁ“”o
SRHMS % WHO & TR =48 3, 455
53R, WA, OSSR 3 A
YrpE, I 48 WidEhR . A PRYE AR A4 170 43, O3
HEFE MRS 150 73, 4R EEfRRES S 120 45, &
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XA RS AT S A, WRIT, IR A I
BEAGHETUSNR, 55 HEBRR S T LR . BT
AEHEFAKA BABGRA” 73, BlEfAESE
JE =A%

5)Geit bR,

AHFFE EFRA Dumuid 528 H A9 RS 43 H AN
SERPRCFRIS T, [ R4.2.3 BAF P Composition
X EAE AT AL B o34 . HACDBRANT -

(L) UL A BB AP 4 R o 2 2 A S0 T AR 4
YEGERE, 5 R R (R TR R B LA AT

ety x100 (1)

W, ASHFFE R U (R on Bt i g rh g,
CL B IE I B T f-Hb, S R BB AR (0™

LG HIbRIEZE 2 M AR AR RE FIBR ]
SILE” P, TCHRRR A S B AL (B AT B
1] ) ASAR) T 5 R Y 573 — 23 B A AL R PRS2 i o A
B, AESAEMEARAEAELL IR, B S e oy
g i B RO S 5 4 R ) A E O™ Sl T
JIA T BE RS LA X R 7 22 A5 8, #5631 19fE
FORAHEMBRLEERAR, Hl 0 BY(H 7R AH BRI T
R

3) ff7 A 45 BB % 40t &5 (isometric log ratio
transformation, ILR)Xﬂ’ﬁﬁ\ BeymiktrZemliasaer, B
(LSSE

E<Y| Z) =B+ B2+ BoZy+ BiZy + .+ B Zy +IVEEPT(2)

[24]
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Horfr g ol IR1E 8K, R A0 AT R i T B A
HEALSS , BEAR . AARF74 . LPA, MVPA 43 5IMH# T
Hth 3 FpA1 5 Y BIOCHE, Bo WRIE . o 3R LT EL
L, =123, -, d-1, ZFRE i DO ILR 2
WeAE R, bR | AT, b XN E R A R
W, Y WA, Z ZoRBSILMIE R,
Z=(Z0.Zo, ***, Zpo

(4)7E AR g SEfly b Ny SRR AU, AL
.

. . o1 1
= f,+ Blilr LI
Voscison =H+h [SLPHS SB_. LPA MVPA

WARLIABFGE LI, 15 min B35 ST IR AH 4
X AR bR = A B SRR, MORTFFE 1 LA 15 min
T, R —FT R 15 min BRI B 5 —FT R, M
T LAy ) 25 s A Qo 4 R b = A A AR Ak IS
SRR R shis A BE AR A | R 1) 5
M, HE—2KHE MVPA B AREIERHS, LS min
b b R N2 Ve Y AV T Ay b S R 73
HZ A RO e R

et @

2 #RE5SHR
2.1 RS

SRHMS AZE R R, KA RS54 (66.98
+9.85)0% o Hirr, Kool AR PR A4 M (73.52 + 13.71)
Ay, D PREREIS SN M (58.06 £ 11.9)5), A @R h
(68.86 + 16.93)5% . HiFE 1 W51, B ARS-HIEXFRLEL
P MVPA(3.50%)F1 LPA(9.94%)HF 6] — 5 BB 5



142 HTEET

532 %

fli, X} SB(43.87%)F1 SLP(42.69%)M Al — & FEREAIL
fili o ARYE R T E NSO, B A 1 LA 5 o
BRI BT EK

®1 ARMRENTHER
HHTFHIE B RO BHk

E¥

/min /% HE/min -~ /%
SLP 614.76 42.69 624.71 43.38
SB 631.75 43.87 644.37 44.75
LPA 143.11 9.94 130.12 9.04
MVPA 50.37 3.50 40.80 2.83

I A S R TR, e KB L T 25 AR v S
MVPA, Hrh5 LPA MU 260, RWIR=E
TEFRAE MVPA R AT RERE MG, RNESHABIT
RAEAL; AR AR, FEON S S LPA B R &4

A BIRER B o AR, G ARAT R FIR R X 44 b 22
HBAZIE T O(In HEAR/ A ARTT4=0.10), $&7RIX I 5l
SR T REME R o
2.2 KZEE 24 hEBETHSBEMNRERHNXR
PR | PERIAE MRS, UL MVPA. LPA .
KAEAT R BRI AR [ AR i, RIS R dERETS
Gy UI e F DN R A R R AR B, A A BT R
WHEMTZEESEEE, %2 WK, 24 hiGshiT 5k
A B RR 45 R | 4R s A48 3 3 A 5 (P<0.001),
MVPA FIREAR AT H] (5 b5 22 AR A PR AT 43 . O3
EREASS . AL ERAT A A IR S IR A,
LPA 54t S FEAS 43 F0 F IS/ 2 0 3 EAHOG, Ak
Fr Rt a]  He s R A A PR A4y O BB A 43
FESHERRAR XA [ LS 2 W A

®2 EMMTASEMERERSEMEVEER

ke MVPA LPA B HR, X AATH LA
B P B P A P B P P

EX: 3.34 0.01 0.38 0.62 2.43 0.01 -3.77 0.00

N 3.26 0.01 0.19 0.73 2.47 0.01 -1.61 0.04 <0.001

AL 4.68 0.00 1.65 0.04 3.52 0.00 -5.90 0.00

B 3.68 0.01 1.45 0.05 1.95 0.01 -4.31 0.00

2.3 24 hEFHTARNESEENR G BNIRRTEAE
WRYEAE AT NIE] 15 min PRSI AR (k45
(D3 3) K B V0] AR A5 B2 B T 15 min MVPA
BARAMRAT N . LPA FIBEHRE, JKaprb [ R 55
BRI 0.48, 045, 0.38 DALy, L2 Ar0)E3E
W 0.54, 051, 0.44 1~BAfi; 15 min MVPA A
MEAT . LPA FIBEAR, A PR AT 232301 2 1
0.64.0.52.,0.47 B0, U253 3] i 270 0.70.0.59
0.54 AL ; 15 min MVPA B AMRAT N . LPA il

B, OFRMEEEAS /3 BN 033, 023, 0.21 4>
AT, RZAIBER 037, 027, 025 A

15 min MVPA B fUAAAT . LPA FREHR, FEoxfd
13530 A BB RAN 0.60, 0.47. 0.46 AN, 24
W0 068, 0.55. 0.53 A7 15 min BEARES
RRAAFT MG, AE DB FESREY B B
J0.17, 0.12, 0.15, 0.10 P~EA7, 24351 i k>
0.15. 0.12. 0.16. 0.11 8f,

&3 24 hiEFNTHIE 15 min FRNERS BNERERFUMETEL (95%C1) "

P X EAT AT LPA1T MVPA?T BRI
” B(95%CI) B(95%CI) B(95%CI) B(95%CI)

AR XA 0.12(—0.03~0.28) 0.64(0.44~0.84)” 0.17(0.01~0.33)”
LPA| -0.10(—0.25~0.04) 0.52(0.39~0.64)” 0.05(—0.02~0.12)
MVPA|  —0.70(-0.90~—0.49)?  —0.59(—0.73~—0.45)" —0.54(—0.69~—0.40)”
BEAR]  —0.15(-0.29~—0.01)>  —0.05(—0.12~0.03) 0.47(0.34~0.59)”

I AT 0.10(—0.03~0.22) 0.33(0.22~0.44)” 0.12(0.06~0.18)?
LPA| ~0.10(—0.24~0.04) 0.23(0.05~0.41)” 0.02(—0.12~0.16)
MVPA|  —0.37(-0.49~-0.24)"  —0.27(=0.45~—0.09)” —0.25(=0.37~—0.12)”
REER]  —0.12(-0.18~-0.06)Y  —0.03(=0.15~0.10) 0.21(0.10~0.32)?

s XAATH| 0.14(—0.04~0.31) 0.60(0.45~0.76)” 0.15(0.06~0.24)”
LPA| —0.14(—0.33~0.06) 0.47(0.22~0.72)” 0.01(—0.19~0.21)
MVPA|  —0.68(-0.86~—0.50)>  —0.55(—0.80~—0.29)" —0.53(—0.71~—0.36)”
BEAR]  —0.16(—0.26~-0.06)"  —0.01(=0.19~0.16) 0.46(0.30~0.61)”

By KAAFH| 0.03(—0.07~0.13) 0.48(0.39~0.57)% 0.10(0.05~0.15)?
LPA| —0.02(—0.13~0.09) 0.45(0.31~0.60)” 0.08(—0.04~0.19)
MVPA|  —0.54(—0.64~—0.44)"  —0.51(=0.65~—0.37)" —0.44(—0.54~-0.34)?
BEAR]  —0.11(=0.15~-0.06)>  —0.07(=0.17~0.03) 0.38(0.29~0.46)”

DA PR T HESER AR E; T REZEDT AN 15 min, | KEIZEHF AR Y 15 ming 2)2<0.05
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BN XER

AW P R4 MVPA ARSI K 40.8 min,
HCLL 5 min SRR HIP I T ) SRR AN -40 &
40 min X} H MR AR ESAE, Dt —2 R
SR A R ) A A2 A X6 R 2 1 N e B A5 43 5 T 1Y)
IR RARLE 1), PR EELRR: (HEEE
MVPA B AARTT A . LPA FIBEHR A ] A0, K
2 S E BUIULE95 5 e s e iceaab: ) I o 5 22 b2 A
WK MVPA AR A ARTT . LPA FIBEAR . (2)2484K
BFER 0~40 min B, K2EAR FIMERAS 500 b7t
0.16~1.17. 0.16~1.12, 0.13~0.90 B 5 4R ]
N 0~-40 min B, KAz F0E A 43 0 I R R
0.17~1.65. 0.16~1.57, 0.14~1.39 ~#afi, A] i, MVPA

BeARHAAT R I T 250 IR EEAS oy b T B
FHABIE ShAT A IS MVPA BF S200Y A I 15
Iy NRRIRRE . Z55REW], MVPA 5 HAWAT LML
XA DN 5 A A2 R Y - %
FRHEAAXRYE, TREACERAARTT R B LPA J5 K2
A= A EREAS o2/ NIESE N, I HL5 A AR A T R AR
MDA B LPA RS AR A AR T o0 T 80 F DU A 43 F 1
R B AR — 30 (3)5 min R R e A b i A B
P, YEARATKA 5 min B, MVPA BARAARFT R
LPA FIREAR 5 A g RS o Pk E T, (HAERE S
10~40 min P [ 0 (g RREAS 534 T o S R T T 2% o 45
FW, 7€ MVPA 5HAAT AAHE AR T, 5 min
SEAERREAK R AR B L AT A

MVPA vs LPA MVPAvs 2 #17H MVPA vs R 28177 vs MVPA A41ThH vs LPA 2%17hH vs HR
2 T t 2 — 2 i 2 — 2 t 2 T r
1 11 1 1 1 1
0 01 0 0 R — 0 \_
®
i 11 Bl B 1 B
fd 40 20 0 20 4 40 20 0 20 40 40 20 0 20 40 40 20 0 20 40 40 20 0 20 40 40 20 0 20 40
5 LPA vs MVPA LPAvs 2417 H LPA Vs HIF HIE vs MVPA IR vs LPA HF vs 2817 H
= 2 2 T 2 2 2 2
ii
1 H——1T1 1 o I — 1 1 e
0{- 0 . = 0 \\ 04+ 0 / d
El -1 1 -1 A
2 2 1 2 2 2 2
40 20 0 20 4 40 20 0 20 40 40 2 0 20 4 4 20 0 20 40 40 20 0 20 40 40 20 0 20 40
s E IR E)/min
B FREKTANBEMNREZIREL

3 g

AT RMAL G FART TR, EIRAER
S poR TR S IR ARE IR 24 Wid BT 5 A
@R Z ISR SR RAY, FEALLT LM,

24 h 1% B4 T R R F O SO LR, TERCR
Az 24 h 1 MVPA | LPA | AARAT A FIREAR A H) o5 bE 2
4 40.80 min(2.83%) . 130.12 min(9.04%) . 644.37 min
(44.75%)F1 624.74 min(43.38%). S5UIHBFFEAILL, BF
GENT RIS IS [R] A A A, 17T LPA i MVPA 5[]
DUV AR A T ZAS S5 T 1) R A R A 017 5
KSR, KA H AR N 4 <450 min,
MASBFFE R A 1R H ARSI B 3 T iX— 5%
Frifo A, ABFFEXT S MVPA {40 min/d, X

5Bl — A e 2F A W IR R A g HIRE
FRMEAF AN 2 1 h MSSRARAE™ . DL S5 RNIESE, BT
KA A AE A B ] A AR AR SRS R IR
E— 25 B AR SRR R A3 B 8 s AN R 304 T R 2 R AFAE S
FRFARMER , SRV BRI ST ] BE 2
RIS ZAH B AR o 76 24 h BTG S E] N MVPA 5]
AR E , BOHAIE SR AT REME R K, X TRES
KEFAE ) MVPA F BRI T H0E I AVE FRAY IR RS
A K, RN, MVPA 54 MFT R & A b ity ]
REMERAR, X ATHE 5 AN REE I SO B A3 2T 15
MELLRR A . MHELZ T, AT FIEIR 22 (7] & A
HH TR R . SRR, TR AR R A
2l RIS P BUA AR I R FR SRR R, 7 # 2] 7
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ATIGT 32 R EHE S BRI e 4 i T i
PRI 24 h {ESIF RS040 5 B IERR A OC R, K3 24 h
WGBTS REEA @R 2 IIEARDE, RUPK 24 h
TG ST A AE N ARSI I XS B O B R A 255 R B
FRLAME, Hd, MVPA | BEIRS A DGR A5 2 B 1
EIH RS, 5EUA PR AR 8, Ak
1785 FD e A A B A o R TAEOCHE, X5
A FEAFAE— RE (5357 o Zhang S5%F ) LT 41
BRIED) . AT A PR T meta 08T, I
JLEEF DAER A AA T R KT e B AT ) 1 00 R A
SrEHIK, SR1T, Schembri 551 Marques 25" "I H, A
ARFT R 5 IR T BRI R, IR AR
PERAT T o AARET R E) PG N )4 3 H F B AT
W, NGk —RINARER, K55
Schembri FWFFRAEHR—3, FERTARIE SR
PRI FERR K-, Tt in MVPA 55 R IR ] LA A Ak
A7 R Al

ABFTERIRDT 24 h i 88547 BSR4
FM R, SR REIR R, K 15 min 1Y
MVPA AR RIS LPA A AT T A BRI Y BEH2 T
KL FIERRE S 4 AR FEAS 43, BFK 15 min (1) LPA
B ACH IR B A AR A T 25 i S PR R A Y B
TR BEWFERIA, W TR R A e A fge
FE/KSF-, MVPA Fil LPA #REA BB A X, it b
BB R FRAF AR A, AT R B MVPA B ]
SAECES LPA . AARAT A FNIERR A, A ERR S AR
fefk, HAFS S 045, 0.48 F10.38, X Lbgh
SRFUGIER, B4 MVPA B[R] AT G2 ek R A fdt R
KM EAETTZE . WATEHLHI AR, MVPA fE
BRI PR . AERIMER SRR W, Ik
BEWIHE VAo, BCEAREIRAS, Mk A 2
BRI, BEAh, MVPA O PREEREAE BAER, REHN
Kb Z B, MiERMER S IRREWEE, deE
FERERIAARAE R, X AERE R A 0 R B = A
Vs . R, WARFZRRY, MVPA dhEE SR
S NBRActERe st 22 5k, it o il e ™
ATETSZI™, AHILZ T, BSR LPA X R A Al e,
A2, HHAURE MVPA AR, X nTHESE Ik LPA 8
HAL T RBE AT AT RSP, XA SR 3L e
FRATEGERN Y (EAE R, BRI R SRS
P AT T AT DABR i AEA R 22 AR 1 E M KT i
PR, TER AT IR MVPA g [m] i R AT
RESRAERRE Tl L —E 2T, BUESE" RN, AT iR
HRFE e A AR KA T A LR T2t

MVPA WRZEAUE, 702 M REARA A TR A
THERDE 55 8%, T 1M K 3 B AT Sk R A2 Y, i AR
AN A Hb S M AR R A AR TG 2, X T RE A A
HRAT ) TRl & R AR N . A (A A, — 0
KL G 22 TCE M MR AT AT o 2 30, R IR 5 £ 1T
JEREARATK 5 DA AT WA, th T AE
FEIARHEEHABBRAR S HOT [ IR A5, R,
MR A [ e Y R AN RB 22 T i, ARIE
T AT ST ARG, e T VA A B R X
0 e BRE 1 S

AHFFEHE— AR MVPA 5 HAAT M (AT
LPA FIHERR) B F -5 KR, EEALITE KM
(HMVPA 5 FHABIE B4 70 558 3 B K2 A A s el
HARKRYE, X —FRE WA T A 5T op ™
FEHIFA , TR 541G s T R E] 5 HAA 2C . A 15 min
i AHIFGE MVPA 19 36.8%, i LPA, AARFT R FIHERR
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