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ST LRI HEHER TR 24 b % Akl B PR A S E L

WA, LW, K

w, Ema, & R, FEF

(LEhaEAF REHFFIR, L& 200438)

 E:B e bR =" F RS A 27 A AR A BT R B ARABE R T, 24 h 7 S T R AR AR R B AY
B, FiEALETI028 1 —S5SFRILEAER, KA mik EAERBEMNZT24hED (LT SHRAEFRED) KGR
JEHARES) X AAT A Ao bk IR ) BT K ARIECE R 5 AR AT (2014 51597 ) )3T 23K BEAT AR R 4 B 3 | 35 A
R HIEF RN H 24 hiEFH AT S SR R EgF 4, SR ) BAERBERXSIER—K T *MVPA L LPA,
SED . SLP Z 4] # B 18] 2 R x L F R R4 A B 5%k, LPA BB R AR R H ., 2) AR REEX 09 5474
BENRESF,Bp— 3 =" 5 iR 4 R AV MVPA £ A R BB R 2, SED 2 SLP 5 H 4k 7% 3547 4 (IR MVPA 2
SP) #4710 min 4948 Z HARSHR R L B Fom, “F -2 8 oM 4 R %~ MVPA 5 LPA (SED 3t SLP #9 “ & 5f
SRR B R, T — 3 =5 A AR R 4 R 2 % SED 3, SLP 55 A 3 AR AT A 10% 4 B A48 L F 89 4R R
RSN EALETN, LSED AH RBAKRAN 24 hiEDITHELEGHIERLATHRE, Lk —x =%
Yot B AR AL X, 7T 4 B )4 A 5 4 R 45 B 2 1) 89 % R AR A T MBI IR, AP A B F AL EHES,
KB  F AT A B RABER F B S B AR R A R

FE 42K S :G804.49 T HkERIRAD : A

BT NAH A= Wy A, ob i 5 R B KT 3 (moderate-
to-vigorous physical activity, MVPA) | fif 5% & & 1K 1% 5l
(light-intensity physical activity, LPA) , A A2 1T M (sedentary
behavior, SED) 5 i HI¢ (sleep, SLP)4 Fi AT M H R T — K
24 h 1% 3 (Chaput et al., 2017) . & A K= A58 B4 TE
AT R IR S B O R A SE R RS T X
4 FhE S AT A S 5 ) B 0 f FE Y B 2 TR R (Asare et al.,
2015; Basterfield et al., 2012) . 2R, A 2F & 45 H 24 h 1§
Syt (B 18 52, — FiE S AT A I 0 28 Al 2 %0 HAB S B A7
I ) 7 A S, R, RS AR T ER ST 24 hiE B S
B Ui BRE 19 ¢ &R B O A # (Chaput et al., 2017) . 7E I
FEAh b A AR S AT S T AR A B RN 2 T A
SR 2 A0S B AT S S R AE A G 45 R (Mekary et al.,
2009) . P, Mekary 25 (2009) 5 Chastin 25 (2015 ) 55 )5 %
S5 I AR L 55 B o3 B A0 23 BT 5 1A B A B BIF S 4R, 4R
FRAE B AT g 0 I 18] 2 AT Y oA B B R0 ) AR Ak, D fig
TRAN[] 17 By B ] A H 532 Wi B B 43 BT 17 S e P [

FURI , 78 5o S5 B Ao i b, 2 80t 5 as Al — X
— A I R AR R T RN T Bl AT A R L AR B
S o X R AR PR AT A ] ROR T B AR TR
PR AR SIS [0 (24 T) 0 H AL B I i) 1 728 18 B iy b, o 2 —

12 (i MVPA ) 1 “ 46 %] B ] (40 10 3% 20 min ) 5 43 i
& 55 —47 4 (4 SED) , LA HU 43 L J5 45 Jmi 48 b 19 25 4k
MET, B A KBTS I — X —" e B T T
N T A7 % B BE N FE 24 h 3% h s () 9 4R B RR AR S (a2 SR
156 &, Z 500 5E & L MVPA 5 SED 43 51| 2 B 0 f e 114
PRAr R 2R 5 fa s R 2%, i S 4 52 80 SED | LPA 5) SLP
IA] MVPA (1 5% 4, L35 )42 5 B O £ B (1% T 280 (3 3% 0
4520205 B 4520225 Clarke et al., 2021) .

B o — " SR I AR A TE — 1 R R 1) 43
T B ] o7 PO AN 35 o — K v 25 I B AT A I B ] 43 A A
¥, i )L — K LPA . SED Y5 SLP {9 I [v] i & 5 2] T &Lt
] f 95% = L L, i MVPA BT (5 5[] K %] 5% $& % 53 /b
(EEAS 25 ,2019) , Fie B8 25 ip 5 10 A0 35K, 24 L) 25 1) 4
X B A g 43 BE B AN R AT B T 43 C B, 8 2% o 30 TG
] i HE A 459 9 1R) B, 40 10 min 43 FC B8] 7 5 MVPA 1 1L
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il KT SED, 5 B — Fh A7 Ay B[] £ 42 £ 0 £ B 45 B 11
FE 03500 53— R AT Sy I 1) 72 Ak 1 B2 e AP AR, AT
fie 1 B W 5T 45 A A9 I {7 (Haszard et al., 2020; Taylor
etal., 2018) . 2) 5 H# VG HEEALRF—Xf— "4 I &
AT TS B AT S 0 SO O AR T A AL, TT RB AL AE
R 4R M RS 0 26 58 R A 43 K A (Haszard et al.,
2020) , nef A A EE BR T — X", SED Y
U/ T REAN 23 B LPA (A0l 37 ) (3 2 0 FE LRI
TS b, — & B AT A B IR A4 e 20 T RE 2 S SO At 2 il
T8 BAT g 0 B R R & A AR A ARG A b 43 T — el
Tohe BTG, A2 3 W T U] e il (43 Be s el 5
AT Ry B B) %) B A ) A — X =7 (— B0 3G 24T S 4 B[] 1)
I 43 BC 25 3L At 3 Fh A7 S ) i A =Xk #E AT B R) Y 43 i
(Haszard et al., 2020) . “— X =" 4 Lt 51 8 A Q42 =X 1 Rz A
AR W, H A A > B BT 5T s X 24 hoi gl 1 200 #E
137 JZUEA3 BT, 3% 2L AF 5% & BT MVPA 1 SED 9 #5 1R 24
IR (ERIAR O A = S AW 8= W R T e P N N6
Ji, ik S B SLP Y fi FE 2L %8t (Chen et al., 2023;
Haszard et al., 2020; Taylor et al; 2018)

Al B S AR D O k= AW = VR i 1 el
B T S 5 23 R AR 2 09 AN TR T 30 03 B 4 SR 1 22
H T, B PR - A B 5T DA SEE 9 R L 458 P R R AR 5
4 BT 45 2R 30T B 2 1ok | ) B K5 SO 1 B iF
FEUESE T LA AE o B, A 5T kT L 0K T {2 B X P
PR AR AT SR LU 3, AR R N B2 5 3 24 h
T Bl AR

1 MRMF5HE
1.1 B %

SR FH 5 (R 1 5 TR IBOHT VA8 4 A 1Y) 3 T /N L 1
B2 1—5 AR rh & BEDL AR 1 AR, #7581 44
2R S NN, Forh 486 44 2 AR AR B T AN W A . HEBR
BRI - 1)24 h G S JE Ak (142 ) 52) A 2 e o £ Je
TR TR T flt BRSO TE A (29 ) 5 3) R g (13 A .
B A RREAR 302 N o A ST K1 1R E R 2 B2
WFE A 2 51 S5tk v (R 38 W 41t 45 102772023RT090) .

1.2 24h&EFegn &

AKWFIEF T ActiGraphwGT3X-BT % = %l i1 38 Ji5 1% &
B — B 24 h TG S WK AT, R R 1R B
(15 s), [l 32 38 % Prfg bk B A Fm, ik, 2
T T 2 7 RN o s A4 R A (S A A A ) (2 5 Kk
TGS ERAN) o S8 BT | 8 1] ActiLife6.13.4 14 X %
PEPEAT AL . B e, Ui A OB | B R AN B R AL R
AR 16 h AR 1R EL3ANARE (4524
TAEH A LA BUR H ) A 8508 (Trost et al., 2000) ; 9%
J& , K F Evenson % (2008 ) £ H i1 D) o5 {8 77 52 3 43 [ i
64

J B 1K 3% ) Al SED, 0~ 100 cpm 4 SED, 101~2 295 cpm
A LPA, =2 296 cpm iy MVPA., #x Ji , {li ] Barreira %
(2015) il i) SLP H 3k 1158 42 K (1% SLP i <, ASBIF 58X} 32
I3 R R MVPA (LPA . SED ., SLP B | #4743 47 o
1.3 R ey &

K T 52 2 A AR I it v o (2014 AFAE T ) ) v X6 i
A 35T H RS SR OXT 1—5 A5 G2 Ae 11 A O it ok iR A7 00
A I H A S B e R B A 4R A (body
mass index , BMI) i 1% 1 . 50 m 1 AL (2K HGJE . 1 min Bk
28 1 min [ EME AL 50 mX 8 IR M A5 filt R 43 PR A
T 535 BREIN 23 2 FIR B 6 43R 120 43, R BT 43 SR )
M2 2290.0 23 A A FE L 80.0~89.9 43 K KLAF . 60.0~79.9 43
Bk 0.0~59.9 43 A kg o WA H 2 2 BF 5T 5L L K
SRR O L [R] 58 B, SRy PR IR 3 T A, A I3 A B
¥rze i By
1.4 &=

WA ARG R LS AR B2 BAE R K
JBE 25 T 1% B 43 X2 2E 19 24 hoiE 8 K S 7 A2 5 0 (Chen
etal., 2021), PRI, oKf 3 26 PR 3R A Sy B A8 S, 76 R AT Ry
[ 03 73 A1 55 1043 R AR A3 A B DA 3 9 A ) s ik
B ZE MR AE IS AR Z FE R Vb vy
g ARRHKE L KU E) K EE A A (0~2 000 JC
2 001~5 000 7L .5 001~10 000 JT .=>10 001 JG ) % 4 .
1.5 %it o

AR HIF 58 B 43 7 EAE Chastin 25 (2015 ) $12 1 79 1543 %1
P/ Mrdsma , R R 4.2.2 F1 Stata 17.0 B {428 £7 5048 23 47
ST

1)24 hid B 2 rh AT BB 35 20 B o LA 24 hi
Sl B 4 18 53 34 (B S e A% A7 S B diE v B P, LA R
Vb 7 26 [ S W 24 b T Bl R 19 B IO O L O 25 B B
NSRRI, 43 1) 2 7 T A % 3l ] A G B R e BRI

2)24 hi& ZAT A IR R A A BH AR BT . DL B
P FE 5 1 24 W& B Dy B 7R e DL R R S A3 Sy R
K A SRR A3 AT 24 bTE B RO B R S A R g
BRI o HEAE IS PR B R BE R K E A WA
[ AR AU A Sy 4 o 8 o

3)24 WG BB 38— X SR AR
X = A LA A AR AR 243 BT 24 0 I AT S (Y )
B AR R T B A OC FR o R R ARASE 2 1 3 A e AR AR
— B AH AR I ] B R A B RAEEE . DL —
Xt = A LR AR N 81 - I 52 SLP B K 640 min \ SED i K
550 min , LPA i} & 200 min , MVPA [} 4 50 min, >4 SLP i}
[0 98 21> 10% (R 64 min) J& , ¥ 43 F 45 2o Ath 3 F0 i 80474
4T S ) DU 45355 S A R BT o BB T 54 A7) 1 5 L SED
I} ] B9 HE 491 2 550 min/ (550 min~+200 min+ 50 min)2=69%,
43 Tk 45 SED [ ] 571 £ ] 2k 69% X 64 min~~44 min, LPA 5



W%,

A5 T LEER B A RE TR RN 24 b B ] AR Y SEE L A

JELISF ] B EE 1 200 min/ (550 min+200 min+ 50 min) =
25%, 53 IC 25 LPA ) I (8] 5] 4 W] &y 25% X 64 min=16 min,
MVPA 7 & i ] (4 L B & 50 min/ (550 min+200 min+
50 min ) 26% , 43 it 45 MVPA [ B [7] 551 2 0] 4 4 min~~6% X
64, fRJe T I A AR B B SR 4 L) 24 hiG S0 AT R
SR IR T i R R TR R 1Y 24 b i Bl 2808 4T 1
A B fd BE 2> %A 2% {8 (Dumuid et al., 2019b; Haszard
etal., 2020) .

4)24 hi 2y 550 A B Y R B - RO AR BT . KRR
a3 AT B 3 AR RO A B8 AR, LA S min T 5% (14 B[R]
di EE O 1 U B RS N 40 min 5 40% , i3 — 20 M
24 h i S AT A I ) B L ] A A Ak AR BT 43 ) - AL

2 HRER
2.1 ZRAE IR A B SRR R

ZARF 302 N PR (85513) %, B4 152 A
(50.3%) , &4 150 N (49.7%) o 1—5 4E g 2% B0 i)
J 71N (23.6%) .56 N (18.5%) . 60 A (19.9%) .56 A
(18.5%) Fi1 59 N (19.5%) o AC B2 Iy /2 K] v ol L fie
=, R 37.3% , 4 K LL L2 I H AR, R 5.0% . FEEH
WA 5 001~10 000 JT 4 L3 5 , 2 48.0% , 0~2 000 JG
P ik, 79 7.0% . A& BT 37 ¥ 45 43 R (76.9£14.7) 45,
Hfh 75 36 A (12%) , R 4179 N (26%) , & 4 177 A
(59%) , AL 10 A (3% ) AR BT 73 A kg (R 1) .
22 FaRAE 24 hiEFh A 49 AL

A FH 10 240 {4 R o0 B iy B e A (R 2) , Herp
MVPA | LPA | SED. SLP 1 Ji 43 ¥ {5 43 Il &y 45.83 min
(3.19%) . 224.18 min (15.56%) . 570.58 min (39.62%) .
599.41 min(41.63%) , SLP i L& & , MVPA 5 [ fik . fiff
B 5 T3 26 L W 4 3k i S A0 PN 5 8 Y S R
(%3),H o, SED 5 SLP Z ] % % 4 b J7 22 d5e 7l , A
SED 55 SLP (W #H B AR iV 5 5, e 5 o) K A 7% 4. SED 5
MVPA 2 [H] (% 5 L 5 22 8 K, & W SED 5 MVPA B AH 4.
WA 5 1K, Sl & A e A
2.3 24 hiEFHAT A e uF ] & b B AR Rk g R

e B AR B R R4 ] )AL 6 SR R (R 4)  HExE T
HABTE BT 8, MVPA (B0, =15.628 , P<0.05) .SLP (B ,=
3.120, P<<0.05) fy B[] 7 b 5 4% 0 g i A 4 2 10 38 1E A
5, SED(f,=—15.524, P<<0.05) {1 [N ] 57 L 45 4% 5 it B
435 W 3 R G LPA (4 I ) 7 Ll 5 4 B e R 43 T i 3
MK (P>0.05),
24 WABARBEX 09 FIEE

PR A AR 2 5 5 SR 1 — 3Pk - 1) MVPA 5 oAl TR
BNAT S A B ARG A T fe e LA R — X
A5 R A 45 R 7R, L 10 min MVPA 43 51185 48 LPA | SED

o, SLP, 4% Jif filt B 45 431 18 il 1.988 .2.166 . 1.890 4~ HLA1 ;
22, L 10 min LPA . SED & SLP 435I #:4C MVPA , A J fi
JHE A5 43 45 06k 2L 2,466 .2.642 . 2371 AN B (£ 5) . [RIRE,
C O =T AE L AR A R W R MVPA I TE] 3 10%
(5 min) , [a) i 4% Lb 491 43 531 % 44 LPA \SED . SLP 3 fl 4724 ,
AT i AT 3K 15 0 0.976 A B 5 L2, MVPA T[] i /1>
10% , [] At 45 B (7] 4 Fc 205 LA 3 FR A7 Sy, A I fet B 45 0
W 1.075 B0 (6 6) 0 2) LPA RYERARZLN A 3% .« —
Xof — 7 A IR 45 R 7R 10 min LPA 5 SED a8 SLP A1 H. 8
R R AR R AR 3 ¥ T 2 AR Ak (3 5) o IR, —Xf =7 4§
Ll 451 2 A 25 S 7%, LPA B i) 15 ik 9 22> 10% (23 min) ,
A f R AR At TE B 2 AR A (3R 6) o 3) “ Tl —2U 43 #r
RN, TR X "B R X =7
BIREAR, 24 MVPA B[] 385 i Bt A 5 ik 2 45, 2 it 22 344
(e 1.2),

F1 ZTHEEKER
Table 1 Basic Characteristics of Participants n=302

o Sl FE(%) YA A7 2
S — 8.5+1.3
DER A 5 152(50.3%)
4 150(49.7%)
EX3 1452 71(23.6%)
bE 56(18.5%)
RE '3 60(19.9%)
Y 56(18.5%)
5B 59(19.5%)
L N 221(37.3%)
ZvieE 182(30.6%)
KA K% 161(27.1%)
LBV L 30(5.0%)
TR BN 0~2 000 7T 21(7.0%)
2001~5 000 7T 87(28.8%)
5001~10 000 7T 145(48.0%)
=10001 T 49(16.2%)
PR R " 36(11.9%)
R 4F 79(26.2%)
B Hs 177(58.6%)
B 10(3.3%)
SEZE 76.9+14.7

R2 UWEFBENRSYESERSE
Table 2 Compositional Mean and Arithmetic Mean of 24-Hour

Movement Data

Gt ¥ MVPA LPA SED SLP
AR5 ¥ i /min 45.83 224.18 570.58 599.41
B AR & /% 3.19 15.56 39.62 41.63
H AR 48 /min 47.78 228.33 568.82 595.07
AR & /% 3.32 15.86 39.50 41.32
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F3 24 hiBEThEIEN T E R
Table 3 Variance Matrix of 24-Hour Movement Data

EHTA MVPA LPA SED SLP
MVPA 0.00 0.14 0.15 0.09
LPA 0.14 0.00 0.12 0.08
SED 0.15 0.12 0.00 0.04
SLP 0.09 0.08 0.04 0.00

R4 24 hiFETHIRTE S L SERE SRR EEE T
Table 4 Compositional Liner Regression between the Proportion

of 24-Hour Movement and Physical Fitness Score

ENATA p P A P AR R
MVPA 15.628 0.000 0.001 0.450
LPA -2.049 0.582
SED -15.524 0.005
SLP 3.120 0.000

VEPALARILT 2 RAT A AART FAAT 89 AR IR B e B, e
MVPA 483+ F LPA .SED . SLP # % AL 34K it % 509 % v,

P FP R A AU 9 45 SR 119 22 52 1% - 1) SED &5 SLP (%%
FRABL N AE PR AR S P A7 A 22 5 — X — " A I AR
45 R, SED SLP B T 5 MVPA UMl LBV B G B 3%
RO AN, 5 HAAT S #EAT 10 min Y AH ARG 1A R fet e
¥ T0 B 5 m, B, 7 — %k — " AR i AL SED
HISLP BB AR I AN BT B (& 5) o i — % =" 45 L 4
B4 R /R, SED B ] 34 i1 10% (57 min) , [A] B 854X H

fib 3 F 3 B AT A, AR5 {45 43R 2 2.021 AN B 5
2, SED i} [A] i 20> 10% (57 min) , K B ] 23 Big T HoAth 3 A
W BNAT Ay, A o S A5 43 184 i 2.092 A~ BALfi . [ BE , SLP
R[] 3 011 10% (59 min) , 7K T {2 FE A5 43 3 I 1.561 4>
7 5 )2 22, SLP i} [a1 98 20 10% (59 min) , 142 [ {5 45 431 a
A LT3 AN B L R R — X A L AR
SED il SLP H A & & i B AR (R 6) o 2) P AI R AR A
K PIE T R R R RN A2 — X — 7 S
B4R %, 10 min MVPA 5 SED | LPA 5 SLP i Al i
AR X AR 5 Ak BRE A5 43 1 5 e g K, B AR — X — " AR R
AR, MVPA BAT S5 3 1 B AR AL (%6 5) o T« — it
= LB R A 8 SR U & B SED IR 8] A A8 A X A IR fit B
A3 B S W R K, R, AE < — X =7 S i AR
SED H.A fic 4 i B AR UM (K 6) 0 3) AR A0 AR X o 51
RO R B AR AR 25 S X T S R A R
N, B MVPA B A AW TG 347 g B[] i 48 o, 4 5 £
By e, iz MR E 2> . 40, 30 min MVPA
4K SED, 4 J5T £ e 153 43 A 4 1 5.638 A4~ HLAL, Tfif 30 min
SED A& MVPA , 4 J5T {52 45 435 3l /0> 11.091 /4> B A, B
T — X —" A B AU f, MVPA B 5 AR R0 BT A4
Btk (1) o — 3% =7 45 b B R AR 3000 485 50 B, 7 40%
AR 8] 5 e, MIVPA R 8] A 38 i s /0 5% , M i B
A By A8 Ak B P AL T 0.462~0.485 [X ] I, BIFE “—%F ="
25 H AR b, MVPA A AR08 HL A X Bk (11 2) o

x5 —W—EREREXTERERISHEN
Table S The Change of Total Physical Fitness Score under “One-to-One” Isotemporal Substitution Model

ENITH MVPA 1 LPA T SED 1 SLP 1

MVPA | -2.466(-3.743, -1.188)" ~2.642(-3.844, -1.439)" -2.371(-3.652, -1.090)"
LPA | 1.988(0.939,3.037)" -0.174(-0.453, 0.104) 0.096(-0.241, 0.434)
SED | 2.166(1.200, 3.132)" 0.180(-0.090, 0.450) 0.274(0.007, 0.542)
SLP | 1.890(0.844, 2.937)" -0.096(-0.426, 0.235) -0.272(-0.539, -0.004)

T EOP BB FANAL(95% CI) 3 * &7 P<0.05, T A% &30 47 4 B3 w10 min, | & 7% 5% 3047 % & Y 10 min,

Fo6 “—XW=FRFAIBREXTEHERERESHEL
Table 6 The Change of Total Physical Fitness Score under “One-
to-Three” Proportional Substitution Model

. 10% *¢ 2 B 14/ FMAE AL
ENATA ] — —
min BY 3 Ae 10%  BF AR Y 10%
MVPA 5 0.976 -1.075 0.000
LPA 23 -0.102 0.110 0.742
SED 57 -2.021 2.092 0.001
SLP 59 1.561 -1.732 0.001
3 itig

3.1 FAPRRAEX A4 R R

XF L 24 0 Bl B9 — X — " AE AR X =T AR L
AR 2 B, W A 500 &4 2R — B 78 MVPA
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Xof JUHE A O { e HL A 3 R AR AN, AR A R S
A 2 K024 0 i Bl ARSON 1Y 43 B 2 2R — B ik s AR
2022; Fairclough et al., 2017) . 4K i, %f T LPA 1y &AL
R 33 1 B 5T 1 A AR L, A R SR R I LPA 55 At 1 3
Y AR R AR 5 e B 48 AR 2 3 A0 O (DeFaria et al., 2022;
Kitano et al., 2020) , T 5.4 B 5% % 3 H: B AR 25007 5 R 1
I (Dumuid et al., 2019a; Kandola et al., 2021) . AKHWF5%
SCREIG LA, P AR R AR 2 43 BT 45 2R — B R LPA 1Y
BN A B3, UL LPA X 3% [ L 28 44 5 4t SR /K O 11
oA B AR CE 55 2R R BT (R A o (2014 4F &
VI R BT T H E 2P AR SRS (B R
& OBMD) , B HLEE (i i &) i B A R 0T [ 3 (50 m
P ) 742 (1 min (R RENE AL ) (T 7 (50 mX8) ) (4 fi



W%,

A5 T LEER B A RE TR RN 24 b B ] AR Y SEE L A

AT P H (1 min Bk%8) . MWAERHLHIE , SHCH
VEZWE5ETE A TR R B T 2y, o B B v 10 B MRS B
A LA SEAILAAR 43 00 B 22 T 28 1) i A 38 (I AR R L 2%
B B R ERBESE) s A oy Hh = ER 19 3h B, 4
HE R 7 53 i, DT o H B AR 3 (R B 5% 45, 2020) ;
(i) B, B e B 1Y B AE ShRE IR B R Z LA 2 g 8,
X 23 PR AL Y PG B 850 U 1) S i 2 R R S AR
14 52 e 8y 3 i, 2T 0 i D RE (BRZERI 45, 2022) 5
WAL, e B R 3 Bl IR B A2 Bl A R LR LA Y pl
ZHLIA R G A B 52 B, s LR S 4 5 h B LA AN
JELF) i 7, A 48 I L AL PY g 4 38 3R 5T (Faigenbaum
etal., 2009). JFH ,6~11% JLEAb T SR B R
B T R I REUER T, E R B N TE] 9 MVPA 23 %L
AT A B A R I (SRR, 2014) o [RLIG, BLAR T
TR AR =X o 137 31 43 BC I A7 7E 22 57 (10% A 10 min) ,
H MVPA 357 18 ) 14 5 fedt J 7™ A= BB 52 00, LPA 11 2 AR 8007
IR 2,

SED — MVPA
LPA —MVPA
SLP —MVPA

AR B 1) /min
—-50-45-40-35-30-25-20-15-10-5" 0 5 10 15 20 25 30 35 40 45 50

— SLP
-15 ——LPA

MVPA — SLP
MVPA — LPA
MVPA — SED 25
<~ FHEER D 1 FHHE A —
1 24 nEH— SRR R R E
Figure 1. 24-Hour Movement “One-to-One” Isotemporal Substi-

tution Dose-Response Plot

WFFEAE A W, 7 g ARS8y A AR AR A B 5] o
Oy WA RAFAE 28 5 0 — X — 7 S I AU EE A R W MVPA
HLA i B A0, SED ok SLP 5 HoAth 6 2 47 4 (B MV-
PA Z A1) AT 10 min (14 AH B ARO04C 5 (i 5 T Wk 2 52l
FL ) R0 B 45 A s, MVPA 5 LPA (SED &% SLP
MR R AE AR . RFAE, X =7 5%
L ) R A 45 2R R SED ul SLP 5 HiAth 3 FiA7 8 % A 10%
f8 A A D) 2 (L B o R 5T 4 e kAR R AR, B
SED H.7A e s B ARRLN , 24 h G sh AT 045 2L &R 1A AR
BAXS PR E N A2 B AE S0 A JLEE 75 /0 4F 24 hil

B — 7 AR R AR AL B, & B MVPA BLAT %8
A AN DL BB AR R X Bk, i Tt 2 O SR IR
R 45 ol 2% 0 B 1 G 125 348 i MVPA IR 4 4k 15 H A EL A 1Y
MVPA K 3 % F {8 BE i 75 L £ 3¢ & % (Carson et al.,
2016; Dumuid et al., 2019a) . {H 14 BF 5% 45 Hix — 25 1

FEAR R EE 12 B AT U] o LA 35 J0F 380, %) e o 5 &4
B i 332 R4 B 75 1448 (Haszard et al., 2020), AHF5E
Y85 I MVPA (47.78 min) (] i Ik T LPA (228.33 min) |
SED (568.82 min) . SLP (595.07 min) 3 #l 17 f , H. 22 I %
Ko TES—XF—" 4w B AR P, 2 MVPA DL 28 X i
&7 2y e Bz 43 931710 LPA | SED B SLP I, A MVPA %
% 5 min T ff MVPA SUE ] (1 L 3 T 10%, 5158 198
AR B A, A Bk 5 min 9 LPA . SED . SLP i (5 Eb #7114
2.0% .0.8% . 0.8% , JIT 7 Az (1 B AR KW 5 55 , 22 1T Z W
AT, B BT MVPA &0 %€ i SED 5 SLP % 55 4k
DA B % AR X B 45— R 5 43 BT 4 2R — X — " SR
B AR L ot % 7 S A3 LA L R 7 0K 24 T B AT
R 2% R I B) 3 A AN R AE AT 23 PR AR ) o
By iof ) LY 491 5=k A0 10 AR A 3% 347 2 (40 SED Y5 SLP) 1 52 B
SR, ol TR A ] I S ] b ) s A A
KEZHAT A (A MVPA ) X4 T it J 119 52 1), 3 11 3 G BF 92
SESRAG f  BE B A AR BRI B85 8 . T — Xt =T AR
151 2 AR 2 LA X B 4 Ay 43 BE B4, 25 3 T 24 hiE Bl
A7 A 45 2L Z I (8] 43 A AN 2 0 R B R AT S B AR T 1
2/ FF I ShAT N T 7 R T A B i s (B, AR B
5% SED I} ] 4 ik 568 min, (5 H A 67% , 43 B F H A 5 6]
39 min; Iif MVPA I [ #8, {X 2 47 min, 5 ' 5%, 73 i T
L B DB S 3 min ) 3K — A5 xR A T R A3 R e
AN 43 A 45 R B T X R AR X = AR L ]
B A S b SED &L 28tk By ) - 7 R 1
Iy — AR H R E SR D, A RN Bl
12 (40 MVPA ) B[] 9 20, LUl 20 1) B [0 W) RE 23 b 58 2 55
—FiE s b (40 SED) , A 7T RE 43 i & HoAth 3 Fhi &)y, £7
TEAHEVE , BLIE 1 BB A AR e i 21 5 B S
BEot 4 — 0. (HRE W, BE R AR R AT
B EIAES WA R e A AL R AR 5 L
AR H RIS S . AR SR B —BiE AT R
1) Bef ) 42 350 43 B T ) — FE B 9 3 5 BUR AR AE L (RLR
1R /)N (Haszard et al., 2020 ; Taylor et al., 2018) . 4k H ¥
B 10 2 e 7 sCAFEAE B ALY , 2 2 B A BN R ik & 5
PR AR A PRI 00 28 76 S B P, S B MY LA
AR RURY AL 08 A2 3 O 2, B SR 24 b Bl [ Y
53 FE 43 00 B b s I JFOR 06 b 0 7 X B
i Sk 4 B B R A9 B ] (SR 3R, 20165 Hovell et al.,
1991) o —XF =" 4 Lo 451 45 AR 2 KE A IR 19 3% 3 47 g ef
67



CIRBERIE) 2023 4F (55 43 4 ) 45 9 ]

(4] JIF ki S ] 69 L A1) 2k 53 T2 RF ] 750 &, 52 0 2% & 1 A A
Wk 5 (14 A5 5 75 35 I 18] 43 BE T 85t e BRAS 1T RE A 7E 1
UL i e oA o B IR [R], SRR B H R G S 9
PR H B i, 7 —xf =" 45 AU O, 1
MVPA JK - 5 &5 1) [d] 2, B 3 B2 21 9 MVPA. I [8] 1 3
[iE

WSS

9 e SLP

. —SED
SED — MVPA LPA SLP ; MVPA

6

5

4 LPA SED SLP — MVPA

3

2

1

‘,,—"'l’\}[VPA LPA SED — SLP

BT /%

)

-50-45-40-35-30-25-20-15-105 0\ 5 10 15 20 25 30 35 40 45 50
SLP — MVPA LPA SED.~~

MVPA — LPA SED SLP

[
R Y G CEA

MVPA LPA SLP — SED

|
®

-9
<~ EFuF R | S 1] 3 A —
B2 24 hiEzh“—3 ="F BB R FIE - E
Figure 2. 24-Hour Movement “One-to-Three” Proportional Sub-

stitution Dose-Response Plot

Eo R TR N S a5V s 1 =TT 12 D s e Y I A
B, iz I 5 B B D7 2T L 3k e DR 36 B I TR) 43 T AN 3
M7 328 J 8 0 A 4 A 48 2R 1 g ey 5 T 6 T S R AR & 2 1T, AR
Xof F =X — " A AR R B R = 4 B AR
TSRS . R, ABESA T X = A
Lo A6 8 R ASE X 43 B 24 o3& B AT O I B AN, L IF 5 45
SRR R IR
32 N THREILERFEFDEHRN BT

R — X =7 S oA 2 W7 45 SR, R B 9T & U 10%
f MVPA B SLP i 8] 25 A8 H Al 3 #0472y, 5035 10% 11
SED i [i1] 43 it 25 Ho A 3 Fh i 247k, L3445 (i 2 A5 400
WE R, AL S 47 o8 R SED M etk X 5
3 7 B 9% 2 58 R I MVPA 25 A8 A0 AT S 9 W0 25 A 6]
(WIRW 25,2020 P %6, 2022; W7 45,2023) . “—
Xt =74 B AR A5 SRS T £ 8h Ak SLP FE X T L
B (g B 2 HL A R R AR B AR R L B Y 1 I fe
HE, B3 i MVPA ] 8] &b, 38 0] 358 8 47 J5 SED i [a] % 43
Tic 25 oAU AT Sy, s A Ho Al AT g ef I S #b 58 SLP B K,
S ILE YRGS A O e AR Sk, iR 2
Tl ERE ) 43 BE 7 48, 08 B A T A O B AR 0 2. Bk
T SED Ry fR s B AR AL R , 75 3 Fh 7 58 vp T 1 A 2 oK O
68

SED i [i] 43 Fie F oAb A7 Sy, 40 35 Jah 200 7 2R A 125 G
A H B B R AR B A B8 Ok 8] 72 AR Y
L SED; PRI HE I AR B a2 5 B k& ), {2 #F SED
] LPA B MVPA (1 5% {4 ; Tl J5 f 22 26 (0 2 ) B 45 I
(7] | 5 2% 25 2) S5 o () 42 1) A & BRSE B P, R AT BB S5 31 SED
] LPA \MVPA 5% SLP {477 Ak , 35 0] 1k 31 38 5 44 51 i 2508 <
33 #lF L AR

Ho—  ABEFE 24 Wil s AT Ry 2 ARV 2 58 4k T
et R R, 24 WG E0AT A R WA AR &
23 % L3R SO A B 7 A W 35 ) R A A 1 4
G5 S IR 5 A7 25 5 5 I8 T 5 S5 00 A 5 9 1l 5T LA
BSAF . H T AR T A LAY AR T A B B 4y AT
T AT, Ja BEHE ST A R H A oy AR SR L EE B
filt A DG AR AR EAT 4 O R A 43 #T <

4 #ig

AR SCIAE B T X — " SR ARG X = A L
1511 AR b 24 b3 gl B A kT L2 AR S5 £ B 1 52
WFIE L5 R R W R T 24 i S AT A B 6] 43 A0 A8, 24— X
7 A I A AR DL e X R R G T B AT B ] 43
BE I, T e 22 5 K a5 A B 4347 R R0, S BUL AR 5T 45
S IR s A LT X AR L = AR
1 AR I T 3 0 T Sl i8] BT o5 s TR £ L 9] 43
], 2% 5T AN A I R] 43 T 2T 48 5 e e, B — Xk — " AR
BB G BB . Rk, — X = AR
B AR AT Sy e P 5 it R 45 R 22 ] 1 O R R LR
AR BE ST UE B O 24 hoiE Bl AR 2 i B 4R AR

SEZ 3k

BRI, T35, 00, 5, 2022, 7 L 75 A4 D130 20 50 I
B STE [ T]. A A TUAE | 43(3) :429-432.

FART, A, 2020.24 /N S AT by b 2 0 i ) L2 ok BR 52 i)
RS RS TP [T ) IR B B4, 40(10) :50-57.

R4, 2016, R LT A BT 2K T R HSE i R R AR5 (D .
HERIMHE R 8.

PR RIS, R, 25, 2022.24 b S 3AE R A L E Bk
i PR R R T L TR T [ AR H B, 42(3)
77-84.

EVREZAS 25T, ¥ 35, 45,2019, P E 6~ 13 5 JLH 24 /NG BK -l
AHDCH AT [T ] 248 1A, 40(12):1791-1795.

BT, FRIE, 8 22, 4, 2023, 3T A B i 24 hig s 5
JLBEIEARBNER R OCR [T MRF 25T, 30(1):137-144.

TKFRFE, 2014, T /D AF B 128 5T BIUBY M i T 1 LT ). b B T AR BOR
2BEAEAR,33(5) 1 68-70.

Kl 2200 20, A, 2022, 56T LA B A BT Y 75 /04 24 h TR )
11 5B (1], h EIAE B, 58(12) :91-97.

RS, AR, HEE I, 2020, A5 [R5 13 32 2006 i 5 3R 5 R 2
FE BB H 0 £ P A 5% i [0 ], v 38 Bl PR 2 2, 39.(7) -



7]

Be, 45 ST ILERTHER A MR 24 hik sh i) 2 2 0 SiE HL

569-576.

ASARE M, DANQUAH S A, 2015. The relationship between physi-
cal activity, sedentary behaviour and mental health in Ghanaian ado-
lescents[J]. Child Adolesc Psychiatry Ment Health, 9:11.

BARREIRA T V,SCHUNA J M,MIRE E F, et al., 2015. Identifying
children’ s nocturnal sleep using 24 h waist accelerometry [J]. Med
Sci Sport Exer, 47(5):937-943.

BASTERFIELD L, PEARCE M S, ADAMSON A J, et al., 2012.
Physical activity, sedentary behavior, and adiposity in English chil-
dren[J]. Am J Prev Med, 42(5):445-451.

CARSON V, TREMBLAY M S, CHAPUT J P, etal., 2016. Associa-
tions between sleep duration, sedentary time, physical activity, and
health indicators among Canadian children and youth using composi-
tional analyses[J]. Appl Physiol Nutr Metab, 41(6 Suppl 3) : S294-
S302.

CHAPUT J P, CARSON V, GRAY C E, et al., 2017. Importance of
all movement behaviors in a 24-hour period for overall health [J].
Int J Env Res Pub He, 11(12):12575-12581.

CHASTIN S F M, PALAREA-ALBALADEJO J, DONTIJE M L,
et al., 2015. Combined effects of time spent in physical activity,
sedentary behaviors and sleep on obesity and cardio-metabolic
health markers: novel compositional data analysis approach [J].
PL0SOne, 10(10) :€0139984.

CHEN H, WANG L J, XIN F, et al., 2023. Associations between 24 h
movement behaviours and BMI in Chinese primary-and middle-
school students| J . J Exerc Sci Fit, 21(2):186-192.

CHEN ST, LIUY, Tremblay M S, et al., 2021. Meeting 24 h move-
ment guidelines: Prevalence, correlates, and the relationships with
overweight and obesity among Chinese children and adolescents[J].
I Sport Health Sci, 10(3) :349-359.

CLARKE A E, JANSSEN I, 2021. A compositional analysis of time
spent in sleep, sedentary behaviour and physical activity with all-
cause mortality risk[ J]. Int ] Behav Nutr Phys Act, 18(1):25.

DE FARIA F R, BARBOSA D, HOWE C A, et al., 2022. Time-use
movement behaviors are associated with scores of depression/anxi-
ety among adolescents: A compositional data analysis [J]. PLoS
One, 17(12):e0279401.

DUMUID D, WAKE M, CLIFFORD 8§, et al., 2019a. The associa-
tion of the body composition of children with 24-hour activity com-

position[J]. J Pediatr, 208:43-49.

DUMUID D, PEDISIC Z, STANFORD TE, et al., 2019b. The com-
positional isotemporal substitution model: A method for estimating
changes in a health outcome for reallocation of time between sleep,
physical activity and sedentary behaviour [J]. Stat Methods Med
Res,28(3):846-857.

EVENSON K R, CATELLIER D J, GILL K, et al., 2008. Calibra-
tion of two objective measures of physical activity for children[J]. J
Sports, 26(14):1557-1565.

FAIGENBAUM A D, KRAEMER W J, BLIMKIE C J, et al., 20009.
Youth resistance training: updated position statement paper from the
national strength and conditioning association [J]. J Strength Cond
Res, 23(5 Suppl) : S60-S79.

FAIRCLOUGH S J, DUMUID, TAYLOR S, etal., 2017. Fitness, fat-
ness and the reallocation of time between children’ s daily move-
ment behaviours : An analysis of compositional data[ J]. Int J] Behav-
Nutr Phys Act, 14(6):312-325.

HASZARD J J, JONES M K, FARMER V, et al., 2020. Non-wear
time and presentation of compositional 24-hour time-use analyses in-
fluence conclusions about sleep and body mass index in children[J].
J MeasurePhys Behav, 3(3):204-210.

HOVELL M, SALLIS J, HOFSTETTER R, et al., 1991. Identifica-
tion of correlates of physical activity among Latino adults [J]. J
Community Health, 16(1):23-36.

KANDOLA A A, DEL POZO CRUZ B, OSBORN D P J, et al.,
2021. Impact of replacing sedentary behaviour with other movement
behaviours on depression and anxiety symptoms: A prospective
cohort study in the UK Biobank[J]. BMC Med, 19(1):133.

KITANO N, KAI Y, JINDO T, et al., 2020. Compositional data
analysis of 24-hour movement behaviors and mental health in
workers[ J]. Prev Med Rep, 20:101213.

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

TAYLOR R W, HASZARD J J, MEREDITH-JONES K A, et al.,
2018. 24 h movement behaviors from infancy to preschool: Cross-
sectional and longitudinal relationships with body composition and
bone health[ J]. Int ] BehavNutr Phys Act, 15(1):118.

TROST S G, PATE R R, FREEDSON P S, et al., 2000. Using objec-
tive physical activity measures with youth: How many days of mon-

itoring are needed?[J]. Med Sci Sports Exerc, 32(2):426-431.

An Empirical Study of Two 24-Hour Movement Substitution Models Based on
Children’s Physical Fitness

YANG Xinglong, WANG Lijuan’, CHEN Huan, WANG Lijing, LIANG Guo, QIU Yanping
School of Physical Education, Shanghai University of Sport, Shanghai 200438, China

Abstract: Objective: To compare the effects of 24-hour movement substitution on physical fitness based on “one-to-one”
isotemporal substitution and “one-to-three” proportional substitution. Methods: 302 children of grade 1-5 in Jinhua participated in

this study, accelerometers were used to measure 24-hour movement including moderate-to-vigorous physical activity(MVPA), light-

intensity physical activity (LPA), sedentary behavior (SED) and sleep (SLP) The physical fitness levels were measured according to
the National Student Physical Health Standards (Revised in 2014). Compositional data analysis was used to explore the relationship
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between 24-hour movement time proportion and physical fitness. Results: 1) The results of two substitution models showed that the
time substitution of MVPA with LPA, SED and SLP had a significant effect on children’ s physical fitness, while the substitution
effect of LPA was not significant. 2) Significant differences were observed between the two substitution modes, the “one-to-one”
isotemporal substitution results showed that MVPA had the strongest substitution effect, and the substitution of SED or SLP with
other movements except MVPA for 10 minutes had no significant effect on physical fitness. The “dose-response” analysis results
showed that the “point-to-point” substitution of MVPA with LPA, SED or SLP was asymmetrical. The “one-to-three” proportional
substitution results showed that 10% substitution of SED or SLP with other three behaviors changed the physical fitness score
significantly, and SED had the strongest substitution effect. In addition, the substitution of 24-hour movement behaviors was
symmetrical. Conclusions: The “one-to-three” proportional substitution model can provide more reliable research evidence for the
relationship between time usage and health outcomes, and it is more in line with real-life activity scenarios.

Keywords: movement behaviors, substitution model; isotemporal substitution, proportional substitution, physical fitness
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A Study on Quality Enhancement Strategies for CBA Club Products Based on
the Theory of Complex Adaptive Systems

BAO Xinqu', WANG Xinlei"”, YUAN Yaqing®, LI Ao', LIU Yang’
1. Faculty of Sports Science, Ningbo University, Ningbo 315211, China; 2. College of Sports and Health, Shandong Sport
University, Jinan 250102, China, 3. Physical Education Department, Shandong Jianzhu University, Jinan 250101, China

Abstract: Leveraging the complex adaptive systems (CAS) theory, this study delves into the formation logic and impact
mechanisms of the intricate relationships within Chinese Basketball Association (CBA) clubs. The goal is to elevate the product
quality of CBA clubs. We posit that, within the instrumental relationship framework, the core manufacturing entities of clubs—the
interactions among managers, coaches, and players—serve as the logical starting point for the evolution of competition product
quality. Subsequently, emotional relationships emanating from the interactions imbue competition products with intrinsic vitality and
external competitiveness. The rapid development of CBA introduces heightened complexity to its industry environment, notably
reflected in the substantial uncertainty of adaptive entities, namely “people”. This complexity is further evident in the development
risks and crises of interpersonal relationships, potentially restricting the productivity of labor skills and impacting the quality of club
event products. The inverted U-shaped curve of “relationship-behavior motivation” suggests that moderate interpersonal
relationships contribute to the efficient operation of the clubs. In response, three strategic dimensions are proposed: macro
governance environment guidance to ensure the exercise of power within institutional frameworks; meso-level production
environment empowerment to cultivate a “technology +knowledge” dual-engine; micro-level production entity support to enrich
players’ intrinsic motivation structure. This approach effectively promotes mutual reinforcement between external “institutional
advantage-governance efficiency” and internal “relationship-behavior”, thereby enhancing the supply-side product quality of CBA
clubs in the new era.

Keywords: CBA; complex adaptive systems, clubs, supply-side,; product quality
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