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24 hil gk ] o3 A1 B AR ) Lo By I R 2 G &R o -
e Py srprs iy

R OR, IWMH, BOR, 2% BT

(LgEask GRAEHFINSFRE, Lig 200438)

H OE AW ARSI T REAIRE LETILE 24 hiEH A 5 HF 5 44K 354 (body mass index, BMI) %
Fleg R R, Fik 3T EET321 4 6~13% FHILE(F A 158 4,44 163 %) A @iAE , LA mik a5 2
24 hFE AT A, R ARENENENZILES SRR AR AR RASHILE2UWEDTAL KRR TIEH
z % %% (body mass index z-score,zZBMI) #) % % , AR AR T 24 h &S IT A S W B R AT zZBMI# %, 4R 1) ko= )2
R R, EH AN FF S, P &% E F K E 3 (moderate-to-vigorous physical activity, MVPA) (f=-0.75, P<
0.001) AK5% & & 4k 7% 3 (light physical activity, LPA) (f=-0.13,P<<0.05) e iF 18] 5 1k 5 )L& zBMI 2 2 M fi 48 %, X
A 4T H ($=0.61,P<<0.001) F=pE AR (5=0.53, P<<0.01) 69 B 9] 5 b 5 )L & zBMI 2 2 F M EAR K . 2) /£ 15 min 5 B 4%
B A ] MVPA 24X, LPA A 4247 A e b 0K, AR R LPA AR X A 4T 4 , 248 zZBMI 2. 10, ) Bl LPA \ X 44T A A=
REIR A MVPA , VA B A 64T A AR LPA, M 4% zZBMI 2 51538 dn , 3) A& -2 B 947 £ 3L, MVPA 5 H A48 7& 3 47
A7 09 A8 B H AR 2T ZBMI 84 % v B R SEAR PR LPA 55 X A2 47 A 69 AR 3T ZBMI 89 % v 2 ARk s MVPA 2 B R A 447
A A 5T ZBMI 84 AR 2R %47 ; 1 A MVPA %R 40 78 30 47 4 B 18] 49 38 e | ZBMI AR AR B R W1, R, zBMI 3%
Kk AR R e, &b REAHIT R ERTILE 24 hiE3h AR, 5 4 ZAMVPA = LPA 7 5k 69 AR M 2L 5, AR 3 X
A 4Tk ) MVPA Fo LPA 353, A A3 34 )L F 45 09 4 B AL 3

KR RE B A LAT A IR RG24 F R HA

B4y %5 :G804.49 SCERARIRED : A

AR TR B B B AR AR G A S T AR ), 7R 3R R
AN, 2020 4F 12 H KA 8 b R RS 57 518 MR
PR (2020 4F) ) 7R, TR [E 6~ 17 2 JL #5047 I
JHE 6 T 423 20% o I P ) Sl ™ R R ) 2 3 L 3 A D
AR T RE ER R E O R R AL 238 N (P kAR
2018) o S UAIE A ARAT S TR IR 2 5 0 e 1L I R
3 AT KR BETEMF S8R, 3% 3 Rl AT S 37 5% i L
B A E R XURS: (BRI HE 45, 20135 227 45,2017 ; Xu et
al., 2017) . SR, BHIARTE 3l A AAT g SRR 3 FPAT 44
B — K 24 hiG Bl , — B AT R I A) 0 A fh 06 4R 2 51 H A
TS As Ak . Rt A 2= 3 AR % IR
— AT g KA A A BREAR B 1 5 e Y4 SR FH 6 4% (co-varia-
tion) J5 ¥ , YR AT 24 h I B = B A M B IBE FR 0 A M
25 B 254 %00 (Mekary et al., 2009 ; Prochaska, 2008) .

T, Pedisic (2014) 48 i, NKF 24 b 2l A08E 0L
AT BOHE A5 3 B AR R ST R L b R — A
i 5 5 B (I — R 24 h 99& 3l ) o HH T B4 8308 Al Gk LA
T 5 AV B BR A, filT FH A% 0 28 1 [0 090 40 W 4 i 45 B 43 4

it [ A7 AR A 56 5 22 8 L2 M 9 [R] 3 ( Chayes , 1960 ; Pear-
son, 1896) . H I, 2015 4F , I [&] 2~ & Chastin 4 1l 5373 Mt
J7 1 (compositional data analysis ) 51 A fdt 5 A 1 fff 57 45048 .
Ao g 3 3 % B 22 () R A X B L A e B ]
L, AT T i AN R AT Ry A B I] 2 A 5 i o 285 ) 72 k1) O
F T B T2 BN A T 3 =2 ) Y SR ek AL Ge i
Gty B 7 VRS T 03 B0 (RIS 45, 2019) . HAT,
[ BB 43 W 5% 3 3 T S48 53 A0 T ke 1 s o 8 B A
1% 1 (moderate-to-vigorous physical activity, MVPA ) | {fk 5
JE {3 20 (light physical activity , LPA ) | & 4 47 Sk 1l B
Bof 10 049 o Lb DA e &5 B e A CRIAE [R]— B[] P9 — i 3 3
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CIRBERIE) 2022 4F (55 42 4 ) 45 3 )

AR 55 — PG 3l ) X AR B JXUES: B9 52 1 (Carson et al., 20165
Kim et al., 2020; Talarico et al., 2018) . 5% & 3 , MVPA
B4 BsF 1) o EL 3G 22 T LA ARG A B DR, AR A AT A A IS TRD o
Lo 18 22 25 B HE JHE KURS: 5 91 ., FH MVPA B A LPA L A A 1T
Sy 0B B 25 o AV IE JHE JRUIS: i FH 2K A8 AT R 85 1R MVPA |
LPA 71 B 25 384 i B8 B XUBS: (Carson et al., 20165 Kim et
al., 2020; Talaricoet al., 2018) . #&FiX LM 58, & K 5
R W32 Bl A B2 VM O B R4y 5 F 2016 4F 5
2019 4F il A AT T £ K ORI JL#E D4 24 h
EIEiATa

TEF I, XF T 103 43 BT AE 5 1493 2l 55 (g BREBIF 98 ST
JFH 4 SCHR AR E K 205 B AR S 2 1 (R R 45, 20205 9K
B 4§ ,2020) , HETCA — 30 SEUERF Y328 I 7754397 24 h
T 8l 5 2 % Wi JL B T f B 1 G R (IR 55, 2020) ,
L2 3 32 L O VR BT X 24 L EE 24 h {6 3l 5 (R FE FR Y
KRBT ARBIRME LT 6~13 2 248 JLE , if
98 5 LG - 1) R I3 43 4 O 483 JL#E MVPA (LPA |
A AEAT g R R R I E) 43 A R B K B A 4R Rz 4 B
(body mass index z-score, zZBMI) i) 3¢ 5 5 2) 78 Al 23 B4 1)
HEZE T, 1T MVPA | LPA | A A& 47 Ay 1B W i (1] =2 [ 2 47
15 min 25 I 25 A8 % ZBMI 9 820 5 3) #4858 MVPA L LPA | A
Al AT Ay R B $RF 25 B AR B ) 5 ZBMI 2 (8] #5514 — 200

1 HRMFK5HE

ARHFGE LA LT 6~ 13 2 4 s LB A B ST FEA , I i
HB R B A AT BEIR B K 5 ZBMI. AR A 5858 i
T L IRE BT Z B 2 R B A
1.1 MELAESFL

K BB AL 43 2 B B bR 7 3, i 8 A g 19 A4~ X
Srb B LA R 3 S X, TR R A DA BE AL B BTN
M1~ 5 AT G 4 AL IR — > BESL , 3800 PRSI A A
ILEILST8 A S 55 . R AES 5 0FEN, A 528 4
2 L R LM NS T S R . HEBR G
W ARRE SR AR L L 466 I LE S 5 IR
WE9E . ZRWF5E 38 H Actigraph GT3X B A {41z 3l G #E Wi
ASCCRLTR 8 BRI 38 B2 1) X 466 44 2 iy L 2 — J5 A 7]
B AT Bl | AR 5 ) 5 DR I AT I, 9 9% BB An-
derson %5 (2005 ) $& 4 A B 1A 715 sh 45 5007 e b v, B 45 K il
B A>T 10 h oy LA A H 1 2 A i 3 A4 4L
H o A 5805 AT Sl R0 | 3 B0 R0 8ol o K 4 i
IR, 1E 466 4 Z 5N =45 JL3E | 324 44 244 LY
043 2l 038 I8 B0 A ObR i, A SO L A RCR
69.5% . X 324 44 % )L R JRCREAS AR B A AR 1 ) 9
A ) 4, 5 2O 1] A 25 0] 3 321 ), ) 3 [E1IAC R R 99.1%
R, e A AREA Ny 321 22418 L3
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1.2 FikEsh . X AAT A ZaEIRE Kl 5

AR5 R FH 3 R 0 2 0 LB Y B A Bl A Ak
AT S RO R B ol R R R L A ) 3 B K
e AERANN TREZ—, 2 Z A FENSNLE
AR BRI S RO 50 (BRI A5, 2011) o AT i BF
SN G AR A S 0 50, 10 2 A R A, I B A
TR EE A R B R S T W R e R R R
A3 T 32 12X M D) A 000, SR R A 2 52 0 iy — Jo) o
AR , A0 45 0 1 B B B [, {ELLE 7K P 3 3l Qi vk i 75
BUR o W4 m s A S DR NV R R I
FRs 2 2 A B AR A BTG 0 o n B BE T N R R 5 2 R
0 S5 IF U ie SR AR , ELZE 55 8 R oy A S lielnl . ik 4
W, iz ] Actigraph 6.5 34 X6 s B 3155 40 25 47 07 30 A
GEiT Ay AT o N EE VTR FH 30 s B4 R[] 18] RO si i sk 2 )
HHE . ABFTT LI Zha 55 (2013) $2 1 A9 45 T 2 i L
458 B 4> JEARE L L0 ¥R /min . 100 YK /min . 2 800 ¥/min .
4 000 ¥ /min Ay Y 250K B KT Bl 43 S A M AT (LPA 4
i i B YR 7% 31 (moderate physical activity , MPA ) Fil &5 i fE Ef
A& 7% f (vigorous physical activity , VPA) . A< I 57 3 B &
B B 9 MVPA B[] (MPA B 8] + VPA Bif ] )\ LPA Hif ] |
A T ] 0 i IR I AR Ay 22 18 L 2 104 B 143 Bl B il IR
P AT I3 -
1.3 BMIMZ

J A i 4 T 2 2R A5 5 (e R R BI04 ) ) 1
SR B A7 A B N 2R N B HEAT o B s T i ik
SR s RV 0 St S0 0 BT 5 % 2 S T et 2 b T 74 T PR
25 (em) RS BH 2 0.1 emo AR BT & AW 4 J7 6 O < SR U ARE
A5 %ﬁ“{'ﬂ'iﬁﬁﬂﬁ%ﬁ%%ﬁ'ﬁ%iﬁ%ﬁﬂ’lﬁiﬁi(kg)
KA 22 0.1 kgo W 58 UR , T RE A 52300 G 0 B R 5
12 18 % (body mass index, BMI) , BMI={& fifi 4 (kg) /& /& °
(m*) o BT 2208 LB AR S I A, (A4 58 AL T Lk
PE, X BMLEATFR HEALTHEL , 15 B8 00 bR 4k 73 80 (zBMID) .
U8 11 ) A it S/ R A6 32 30 B2 R ) AR Y S AR R
1.4 %itF o

B0 43 T 506 Chastin 55 (2015) 42 H1 () 24 h 1% 3h i 4
Sy MrEE Ee , 935 A R 4.3.0 #44H Y compositions A X % 43
BAEHATHI 50T o L B 248 T D 4k ) &= X=[x,

Jxp VRN Ay el 2R AR A A B IHSQ’JFE

ﬁ:z,.:lxzﬂ,0<x1<1%E%jﬂ/z}z}‘ﬂlgﬁﬁ?ﬂ,ﬂzﬁiﬁéﬂﬁlﬁ@%
AHHE

1) 2R A3 JUAR) B30l iR o) 1) 54l iy S vt 0 A
IS B I 5 14 S 80 18] 1 A AR L TR 208 3 i, i
T X S B 1) 9 BT A A v AR R 43 LA 349 4 T R B
ARSI B R 48 7 4 % B4l 5 IS B9 AR5 A2, (Chastin et al.
2015) o A FHAR 5 07 28 50 WE3 R B ORI 2l A AR AT O IR
M 8L 53 A 1 B RO O o fl T B BN 1 T 2 T T R



QR AR 24 WGB3 SRS LT B R B AR BN SE R WS BT R 0

UG BIAT A BRI G R, BOEE LA B A b b A
A% S0 AT Ry 2 B SO L 23R 8 X BT 26 [ In (A A AT 2/
MVPA) i J5 22 IR 5 3R s d@ 3 . O 22 BB B/, ROR PR
YU 2y (] B DG TR AR B B i 5 28 B B K, SRR PRI 2y
(1) £ D B A JBE AR

2) FE T 43 A [l I e 45 B 64 LE (isometric log-ratio,
ILR) 46, 7045 1 PR I RN AE I A5 TR 2 IR R AT T, 24T
Z It 353 o Al AL 58 89 S8 1O 3 5k 4 B R A7 [l
VA5 T, W B 22 W B 7 R 24 SR 4, S A o () AT
fe 7 A P AR OC A 2 T LR R B 5 o o A DR skt [ L, it
H R A4 1 compositions £3 (9 ILR pREL XS 24 h i 47 R it

d-i b,

Vd-i+1 \a-1/no, b
T R PE AR - Y, = B, + lilr(x,) + 0 R
Y BAE 3 AR 3R IR AT S A B B A FL A AT Ay A6 2% 1 B
(] J5 , MVPA [ LPA | A AE 47 Ay VB B 43 J31) AH X6 J° At 3 A
A7 0 5 R o2 i R 22 1) Y DG HR , LR BB b () PAE LR R
FE(B,) I 5 (e,) B B0 R 75 A0 [R] 54 T ASE TR 2 705 1 R

3) AR HE LA 19 B 43 Il ) AR TR SR G AR AF 5% P B [
75 R TR 4 7 OR MEAT I DR AT 2 = B

~T

B ilr(

T ILR i Z, =  TE I FE il

s P , s + ¢, (Dumuid et
W, AT LPA" MVPA )

al., 2018) . HEA:HFSY &P, 15 min & 047 K Ay 25 1k 3t i
XAt 48 bk = A B 5 e (96 i — 45,2013 ; Dumuid et al.,
2019) , #FEASBIF T B B AR A B b, S5 A 15 min g B,
TE R RE BT 1R] (1 440 mim ) F1H A 75 3 B ) AS A5 7 38 fit
B ERE SIAT R 15 min AV EC A B —FE S L 1M E
B4 IC B IS5 0 B ) 43 A 55 50 0 35 {8 B I 43 A 1) zBMIT

B 2218 ; SR )5, X TFAE 15 min S H X zZBMI A B E V5
W (4 35 2h A7 Sy 8 A I A A L Oy O {5 i B AR kAT
Lb, A B 5% 2 B AT AR 58 LS min by 8 B (56 M — S
2013 ; Dumuid et al., 2019) , #F&E 4E < i ] 22 60 min, 378
AN ] B AU ] 5 zBMI Y ) - 208 . | T A BIESE TP i
MVPA A4 #E ~ 27.41 min, Jl 2Z 5% B4 $03 3F 209 R
il , 6 MVPA #5835 H-25~ 60 min (1 751 %0 .

2 WRER
21 ZRFAERERL

ZF WL E I 321 4, B E 158 44 (49.22%) , &k
163 44 (50.78%) . Horfr, —4F2¢ 58 A (18.07%) , —4F4¢ 67 A
(20.87%) , =444 63 A (19.63%) , PU4E4L 68 A (21.18%) ,
FAEGL 65 N (20.25%) o Z ik # I8 )L 418 R 10.13 £
1.41 % P4 550 139.15£12.01 em , -4 Fi 4 34.66+
11.42 kg, ¥ BMI 2 17.50+3.35 kg/m*. $i¢ I v [ AL JB 5]
8 T 4F #H (Working Group on Obesity in China, WGOC) ]
JIES e A o X BMIT R A7 3 73 (22 0 45, 2010) , i /I ok %
4 22.04% .
22 ZiXF24hEF I 5

1) A8 FH 43 JUART 49 {8 8 3 43 H5 418 1 4 b i
MVPA | LPA | A A8 15 S Je I AR A4 8 40 JL AT 359 46 43 5
27.41 min (1.90%) . 237.98 min (16.53%) . 554.86 min
(38.53%) .619.75 min (43.04% ) , 5 A {8 53 51 4 29.42 min
(2.04%) . 287.86 min (19.99%) . 539.45 min (37.46%) .
583.45 min(40.51%) (& 1) o PIAN J5 35 %42 a3 0 i ik
FEAE2E 5, 5 4 JUART Y AR L, 3R S 5 fE X MVPA il
LPA i [] (4 1 AR A — o R JEE 1) e A, Xob A AR AT Ay 1B B
IF) P 48 3R A — R B A AR A

F1 BEESALTAHMEBRA KBS LAHENEREHE
Table 1 Standard and Compositional Descriptive Measures of the Proportion of Time Spent in Physical Activity, Sedentary Behavior and Sleep

R A IUAT 18 HARFHME
MVPA/min LPA/min X AT F3 /min B AR /min MVPA/min LPA/min X A 4T A7 /min B IR /min

27.41(1.90%) 237.98(16.53%) 554.86(38.53%) 619.75(43.04%) 29.42(2.04%) 287.86(19.99%) 539.45(37.46%) 583.45(40.51%)

20) A FH AR S5 5 25 S e i 3R 40 BB A A A ek 22 ]
R RUORE I o 7 SRR A A 2 B (3 2) , 24 h i 8 45 22
B A B AL 25 KT 0, Ui A R Z A B
Sl Hrb, AAR AT O B AR A S5 B X 8 H O 22 /)N (In
N AR AT S/ IR =0.155 ) , i W 33K 79 J00 3% 3l G B AR 2 o e
AR5 kA . LPA 5 AR ZhAT 0 % B bk 5 22 3
% % (In MVPA/LPA=1.247; In A 2 1T 4 /LPA=1.497 ; In i
K /LPA=0.908 ) , 3 W LPA 5 H Al 1if 2l 17 A Y SC HR A2 5 1
BAK.

23 JUE 24 hiEsh e 5 55 zBMI 69 A% 4 2k =) )3 547

E B E BRI AE S )5 L DL ILR 5% 3 )5 19 24 h % 24T

(MVPA | LPA A A2 47 N R AR ) g [ 728 &t ZzBMI hy [H 78
T BEAT A3 [B1UA 20 M, 35T 24 i Sl E] 43 A 5 ZBMI 22
] DG HE . 4 A BERL P AE R AR R AR B 34 A )
(zBMI: P<<0.001, R*=0.20) . i 4> ol G A AL i3 7R (£ 3)
JL B9 MVPA (B,,,,,=—0.75, P<<0.001) #l LPA (8,,,=—0.13,
P<0.05) A S I] (5 [ 5 ZBMI 5 & 3% M 6 M G, B Bl %5
MVPA [ (1% 384 i (LPA L A& A 47 Ay 1 HI B (1) £ 4 ) ok
/L) 55 LPA I [ B384 1 (MVPA | A A8 47 g 740 B HES Fsf 1] )
XD ), ZBMI 2 AW /N o A AT R (B is,=0.61, P<
0.001) FBEIR (8 ,,,,=0.53, P<<0.01) [ Iif &) /i [t 5 zBMI &
VR TE AR G, BB A A A AT Ay s T B S BT i (MVPA
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CIRBERIE) 2022 4F (55 42 4 ) 45 3 )

LPA 1 B AR B 18] 44 A0 X s /0 ) B B AR I (] (14 AS B 334 A
(MVPA | LPA Fll /& A 47 7 B 8] 6 A1 X698 20 ), zBMI K- 2%
UNLESI

F2 BUEEDD AT AR BT H L T R AERE
Table2 Compositional Variation Matrix of Time Spent in

Physical Activity, Sedentary Behavior and Sleep

MVPA LPA R AAT A B FIR,

MVPA 0 1.247 0.429 0.294

LPA 1.247 0 1.497 0.908

R AAT A 0.429 1.497 0 0.155
B HIR, 0.294 0.908 0.155 0

24 IJLF24hEFHHNKE zBMIFNAE E AL

PL 15 min & A A ], #8957 MVPA (LPA | A A2 47 2 il
e HR =2 Ji] A L 8 A0 6 ZBMI (0 52 0 o 25 Ik 24 40 A7 % 30
(FR4), B AR )5, T MVPA B U LPA L A 4817
TR I 43 1) 2% 2 308070 0.13,0.15 ,0.14 4~ 51457 ) zBMI,
LPA A AL AT hy 1 HR B A4 MVPA 4301 25 58 25 3811 0.24
0.26.0.25 4~ 037 1) zZBMI, F LPA B3R A A 17 0y 45 W 25 %
1% 0.02 4~ B3 19 zBMI, JH A A8 47 2 2 A% LPA I 23 3% i
0.02 /> A 1 ZBMI. oAt T 3% 9 AH 2 8T8 B35 1 A 4
J AL A
2.5 JLE24 hF S HARE 5 ZBMI 64 A -2 2

Xt A RN Y 24 h G B AT M B R (MVPA
5 LPA A AMAT N R R IR \LPA 5 A AL 4T ) , A BIF 58 9 —
A LA S min Ry — ARG B, FFSEAE K B ] 2 60 min, IR
AN TR AR (8] 5 zBMI Y 5 3 -0 o 45 R 7R, 1) MVPA
5 LPA A ABAT Sy B M B 22 1] /4 A B R S 2zBMI A9 71 o -
ROV G F A W AR X BRE (1), BB %5 MVPA B 4L

LA TG A7 A Bk DAY B 0, ZBMI 4 2248 B AR, S =2 U] 3R
BTl LPA VA AT I AH B8 X ZBMI 2 i (1) 22 53 9F
ANB I, R 00 6 R B XS AR BIEAE 60 min P &
B85 min (1 LPA 382> A A6 478, zBMLE B 0.006 1~ 5
A, T35 0 5 min B9 A A2 47 24 B2 LPA, zBMI L |
0.006 47 (F2) . 2)Ffi 5 MVPA B AU A AL AT | BE IR
A LPA A B 1) 38 1, ZBMI 222 S W7 T [ 2% , 9 A1 R 32 #h
REN/NRIK ) MVPA B A A A AT R B AR A LPA . 3) Y
MVPA F AR LPA | A A 15 4 TR AR () Bisf 18] 49 S min , ZBMI 43
51T K 0.050 ,0.056 ,0.053 A FLA, {H FE B 5 9 10~ 60 min
B 1) P, zBMIF B 328 el 4% , 1 B 5802 43 03] 4 0.016 ~
0.043,0.023~0.049 ,0.019~0.045, 4 LPA A 2 47 4 F0I
e MR 5 £ MVPA 1 I ] 4 5 min, & zBMI 4351 1 71 0.061 .
0.067.0.063 > HLA0v7 , (A FERE /5 19 10~25 min B 8] P, zBMI
BT B, T 435 0.077~0.351,0.083 ~
0.357.0.079~0.353 . ULZ5 R UEHT, 5 min Jy MVPA 5 Al
AT A B AR R R 0T 0 2 AR A R BT A

£3 BUEED . ALITAHIRERAMNE S5 S ZBMIH
)54 g5 A e EIDE]

Table 3 Liner Regression Analysis with Compositional Data for

ZBMI of the Time Spent in Physical Activity, Sedentary Behavior
and Sleep
EHTA p P

ILR MVPA/(BEBR* X AAT A*LPA) —0.75 <0.001
ILR LPA/(BEBR* X 447 A*MVPA) -0.13 <0.05
ILR A 447 A/(MEIRFLPA*MVPA)  0.61 <0.001 =000t 020
ILR BEIR/( A AT A*LPA*MVPA)  0.53 <0.01
E fALE IR L AT A AR HARAT A 09 T AL ZBMI 89 % vh , 42 ILR
MVPA/( Bl BR* X 4 4T A4 *LPA) 36 MVPA 48 3 T e BR | X & 47 A F=
LPA # T AT zZBMI 84 %5 w61

BRI PAE BEAL R

R4 BEFEDH ALITAHTER 15 min ERER S 2BMIFTAET L (95% CD
Table 4 Estimated Difference (95% CI) in ZBMI for 15-minute Isotemporal Substitution among Physical Activity, Sedentary Behavior

and Sleep
MVPA 1 LPA T VX N REAR, T
MVPA | — 0.24(0.10,0.38)" 0.26(0.12,0.40)" 0.25(0.10,0.40)"
LPA | -0.13(-0.21,-0.05)" — 0.02(0.01,0.03)" 0.01(-0.01,0.02)
K AATH | -0.15(-0.23,-0.07)" -0.02(-0.03,-0.01)" — -0.01(-0.03,0.01)
REAR, | -0.14(-0.22,-0.05)" -0.01(-0.02,0.01) 0.01(-0.01,0.03) —

VE B P T R A fe - R R P<<0.05; T AT IZESAT AR MG A0 15 min , | AFIZESHAT A Y 15 min,

3 itig

A2 P BRI B A A AT D R[] 3 6 24 h
1% Bl B AF A A0 TR & L AH 52 W (Chastin et al., 20155
Pedisic et al., 2014 ; Prochaska, 2008) . Z<HF5% 119725 S5 %H b4
G3 BT AE RAE S T =38 Z (A AH ELAR , A7 7 D% e % 4 iy W]
AEYE . DL, 590 24 Wil 345 2K 5 Z2BMIIY G R I, A
RERMME GRS r k. ETAWG S ER P, K47
80

IR B =2 ] S5 A M) e & AR G4 o 3T fig v [ 5K e
AL Sl BT O o 17 2 50 B 23 Ul /b 4% F 1 B DR
[E) , 38 i 27 20 B A B[R] T 24 2% > B JR) 920, o AL B
W H 2 BEOR % PR R R R B IR R] O A A
2016) . AHJ , LPA B[R] LA XS B2 , A B 5 HAbAT Ay B
) %2 A e i o 3 DA Ok LPA & JL AR 3% v — LAY 3
S, —Le Wb T H E TR Sh Qo B AR IR R ] B 4



QR AR 24 WGB3 SRS LT B R B AR BN SE R WS BT R 0

#5J8 T LPA i 50 1515 (Kwon et al., 2011) , P, i3 i i 2
ATy B A E B AT g B e

1.0
- IR
y 08 KA
\ 0.6 w LPA
3
p— \‘\ 0.4
= \‘\
& e, 02

.

s ..'ZJ""\Q'-&‘J..QS_}‘J D25 0 5 P H D

k.,

-04

-0.6
—REIR, AATH . LPABAKMVPA | MVPABKREIR, X %474, LPA—

E1 MVPAERER EAMIE ST A ZBMIAI
Figure 1. Changes in ZBMI after MVPA Isotemporal

Substitution for other Behaviors

0.10 1

0.08 1 — R AT

ZBMI

IOINECINIE R

D5 D 15 Db Db D6 &
pﬁw}wﬁwﬁwﬁ%é}
~0.04 1
~0.06 1 ~_

-0.08 -
A AAT A BARLPA | LPABR A AT A —

B2 LPAZERER R LT A 2ZBMIEI R0
Figure 2. Changes in ZBMI after LPA Isotemporal Substitution

for Sedentary Behavior

AT & TEIZ F R S $0H0E 25 I X 0 b e 4 1) 7 X 25
B PRIE MVPA (LPA | A A 47 g LR IR (5] (8] 43 47 5 zBMI Y
K F . WS W R, MVPA 5 LPA i [A] /5 [ 52418 L # 1
ZBMI 2t 5 M 000R 0G| A AR AT hy R B IS B [ o5 B D) 5 2
% L3 ) ZBMI 2 8 35 PR IE A G . ik 5 AR 4 4
B 5 1201 9% B 45 B — 3 (Carson et al., 2016; Chastin etal.,
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The Association of the Body Mass Index of Children with 24-Hour Activity
Composition and Isotemporal Substitution: A Compositional Data Analysis

LIANG Guo, WANG Lijuan®, CHEN Huan, LIN Hao, CHEN Yuan
School of Physical Education and Sport Training, Shanghai University of Sport, Shanghai 200438, China

Abstract: Objective: To examine the relationships between 24-hour activity behaviors and body mass index (BMI) in Shanghai
children by using compositional analyses. Methods: A cross sectional study was conducted on 321 primary school students
(158 boys and 163 girls) aged 6-13 years in Shanghai. Time spent in 24-hour activity behaviors was determined by accelerometry,
children’s height and weight were measured by standard instruments. Compositional linear regression models were used to
synthetically analyze the associations between the distribution of time spent 24-hour activity behaviors and zZBMI, and the effect of
compositional isotemporal substitution of 24-hour activity behaviors with zZBMI was investigated as well. Results: 1) By controlling
for gender and age, time spent in moderate-to-vigorous physical activity (MVPA) (=-0.75, P<<0.001) and light physical activity
(LPA) (5=-0.13, P<<0.05) was negatively associated with zZBMI in children, while the time spent in sedentary behavior (§=0.61, P<<
0.001) and sleep (5=0.53, P<<0.01) was positively correlated with zBMI; 2) The compositional isotemporal substitution models
revealed reductions in zBMI when a 15-min reallocation from LPA, sedentary behavior and sleep to MVPA, and from sedentary
behavior to LPA; however, a 15-min reallocation from MVPA to LPA, sedentary behavior and sleep, and from LPA to sedentary
behavior was associated with higher zBMI; 3) According to the “dose-response” curves, firstly, the mutual substitution of MVPA and
other activities has an asymmetric effect on zZBMI and the substitution of LPA and sedentary behavior has a symmetrical effect on
zBMI; secondly, the best reduction effect on zBMI is to replace sedentary behavior with MVPA; thirdly, with the increase time of
MVPA isotemporal substitute other behaviors, the decrease in zZBMI was slowed down, otherwise it increased rapidly. Conclusions:
Parents and teachers should take 24-hour activities as a whole and attach great importance to the positive effects of MVPA and LPA,
try to reallocate time from ST to MVPA and LPA of children so as to obtain better health benefits.

Keywords: physical activity, sedentary behavior, sleep; body mass index,; compositional data analysis; isotemporal substitution
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Acute Effects of High-Intensity Interval Training and Moderate-Intensity
Continuous Training on Plasma Glucose, Insulin and Inflammatory Factors
Levels in Type 2 Diabetic Men

CUI Xinwen', LI Lifeng’, YANG Xingya', XU Jianfang'’
1. China Institute of Sport Science, Beijing 100061, China; 2. Beijing Sport University, Key Laboratory of sports and
physical health, Ministry of Education, Beijing 100084, China

Abstract: Objective: To compare the acute effects of highintensity interval training (HIIT) versus moderateintensity continuous
training (MICT) on postprandial plasma glucose control and inflammatory factors in type 2 diabetic (T2D) men aged 30-50 years.
Methods: 14 T2D men (42.6 6.5 years old) underwent a randomized three crossover trial. The three interventions are as follows:
HIIT, 7X 1 min at 90% maximal oxygen uptake (VO,_)-+7X2 min at 30% VO,  +4 min warming up at 60% VO, +5 min
cooling at 40% VO, with cycling; MICT, 30 min at 50% VO

Each intervention had a 10 days wash-out period. Plasma glucose, insulin, TNF-a and IL-6 levels were measured at pre-exercise, post-

2max

max ,mee With cycling, and a sedentary control (CON) in the postprandial state.

exercise and 1 h post-exercise. Two-way ANOVA with repeated measures were used to compare glucose, insulin, TNF-o and IL-6
values among the interventions. Results: Total energy expenditure between the two exercises was not significantly different. Lower
plasma glucose levels were observed immediately after exercise in HIIT and MICT than that of CON (P<<0.001), the glucose level
in HIIT was also lower than that of MICT (P<<0.01). Glucose levels in HIIT group was increased at 1 h post-exercise compared to
immediately post-exercise (P<<0.05), while the decrease (1 h post-exercise minus pre-exercise) of MICT group was more than that
of CON group (P<<0.01). HIIT and MICT (P<0.01) decreased the insulin levels compared to CON, while no difference was
observed between the HIIT and MICT. HIIT (P<<0.001) and MICT (P<<0.01) increased the TNF-a levels at immediately after
exercise but returned to the levels of pre-exercise at 1 h post-exercise. Different exercise types have no obvious effect on IL-6.
Conclusion: Both acute HIIT and the matched MICT can lower postprandial plasma glucose and insulin levels in type 2 diabetic men
aged 30-50 years, and temporarily increase the level of TNF-a. Compared with MICT, HIIT decreases glucose level greater at
immediately post-exercise.

Keywords: highintensity intermittent exercise; moderateintensity continuous exercise; glucose, insulin, TNF-a, type 2 diabetes
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