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Follow-up analysis on the relationship between 24-hour movement behaviors and physical fitness in preschool children
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[Abstract] Objective To explore the cross-sectional and longitudinal associations between 24-hour movement behaviors and
physical fitness in preschool children, and to adopt the method of equal time substitution analysis to evaluate the impact of time re-
distribution of different activity behaviors on physical fitness scores, so as to provide a scientific basis for promoting the health of pre-
school children. Methods A total of 193 preschool children aged 3—6 years were selected from three Shanghai districts ( Jing’an,
Baoshan, Jiading) from October to December 2023 by the stratified cluster random sampling method. The 24-hour movement behav-
iors were monitored via 7-day accelerometry, and physical fitness was measured according to the National Physical Fitness Measure-
ment Standards ( Revised 2023, preschool section) . From October to December 2024, the follow-up of physical fitness among pre-
school children used the same testing method. The comparison between groups was conducted by #-test. Compositional regression an-
alyses evaluated the relationship of 24-hour movement behaviors and physical fitness among preschool children. Results At base-
line, moderate-to-vigorous physical activity (MVPA) time was significantly higher in boys [ (84.10+25.78) min/d] than in girls
[ (70.44£25.98) min/d]; the composite physical fitness score was significantly higher in boys (71.65£8.69) than in girls (68.84+
9.89), and the differences were statistically significant (¢=3.65, 2.10, both P<0.01). After adjusting for gender, age and body
mass index, the results of component multiple linear regression analysis showed that MVPA time proportion was positively correlated
with the composite physical fitness score at baseline among preschool children (8=6.61), but was negatively correlated with two-
legged continuous hopping time at 1 year (8=-1.12) (both P<0.05). Light physical activity (LPA) time proportion was negatively
correlated with walking on the balance beam time at 1 year (8=-4.44), and sedentary behavior (SB) time proportion was negative-
ly correlated with the composite score of physical fitness at baseline (8=-6.55) (both P<0.05). Isotemporal substitution analysis
revealed that replacing 10 minutes of sleep (SP), SB, and LPA with MVPA increased the baseline physical fitness composite score
by 0.750, 0.689 and 0.575 units, respectively; at 1-year follow-up, the composite score increased by 1.440, 1.419 and 1.430 u-

[fEE® ] PRIHZ (2000~ ), 7, ST BB R Bt , 205007 ) iz shig e fe ik,
[EfEMEE] L, E-mail ; suszhuangjiesh@ 163.com



- 1258 -

v [ A4S A 2025 4E 9 4 46 %55 9 1 Chin J Sch Health, September 2025, Vol.46,No.9

nits, respectively (all P<0.05). Conversely, replacing MVPA with 10 minutes of SP, SB, and LPA, resulted in decreases in base-

line physical fitness composite scores of 0.836, 0.777 and 0.669 units, and reductions of 1.613, 1.592 and 1.598 units at 1-year

follow-up (all P<0.05). Conclusions Preschool children’s 24-hour movement behaviors, especially MVPA, are closely related to

physical health. Implementing appropriate strategies to increase physical activity and reduce sedentary time may improve the physi-

cal fitness of preschoolers.
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Table 1 Comparison of body morphology, 24-hour activity behavior time and physical fitness test indexes among

different genders of preschool children at baseline (x+s)

R O LS| AN 24 h 3% 3047 J B ]/ min
B/ cm {k&F/kg  BML/(kg - m™?) SB LPA* MVPA Sp

2 106  110.08+6.21 19.51%3.65 15.99+1.75  546.04+152.62  91.02(79.00,107.70)  84.10+25.78  587.40+61.59
% 87 107.05+5.77 17.78+2.46 15.47+1.23  538.02+166.63  85.21(75.00,93.11) 70.44+25.98  597.76+68.81
/718 3.48 3.91 2.44 0.35 -0.88 3.65 -1.10
PAE <0.01 <0.01 0.02 0.73 0.38 <0.01 0.27
W Ok BRI R R

il NYTRR ; - — : P " o

#8J1/kg A AR/ em VEBGE/em  BUMESBE/s 15 m SEREGHL/ s BT/ B RS A 0

U] 106 9.09+2.54  8.05(4.00,12.40) 83.06+20.24 7.66+3.04 8.97+2.13 6.20(4.30,11.28) 71.65+8.69
% 87  7.382.14  11.00(6.90,14.20) 74.92+18.67 8.05+2.62 9.34+2.00 6.30(4.30,11.20) 68.84+9.89
/7 {8 5.02 -2.82 2.88 -0.95 -1.23 -1.09 2.10
P <0.01 <0.01 <0.01 0.34 0.22 0.27 0.04
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Table 2 Component linear regression of 24-hour active behavior
time percentage and physical fitness at baseline and

one year later in preschool children(n=193)

Wi sl B 14 WS 1 FRIER
Bl P B PH BiH P

#h MVPA 098 0.08 1.08 038 0.09 0.12
LPA  -047 010 010 089 057 <001

SB -0.65 035 -1.61 0.3 -097  <0.01

sp -031 080 -252 044 -221 <001

A AT MVPA 122 026 023 084 -0.99  <0.01
PA  -095 009 -132 005 -037 0.06

SB -0.79 055 133 041 211 <001

P 099  0.67 172 058 0.73 0.08

LE BRI MVPA 1098  0.04 6.87  0.10 -4.11 <0.01
PA  -092 067 -091 071 0.02 0.86

B -11.67 0.4 -840 0.5 =327 <001

P -2942 <001 -2027 0.07 915  <0.01

WU 2B MVPA =236 <001 -112 0.4 -1.25 <0.01
LPA 100 <0.01 010 077 091 <0.01

SB 168 0.06 135 0.09 0.33 0.18

P 360 0.03 296 0.05 064 <001

15 mZSRERM MVPA  -023 062 -0.13 0.6l -0.10 0.34
PA 012 062 -0.04 076 -0.07 0.19

SB 025 067 020 057 0.05 0.40

P 062 054 016 081 234 <001

SETAEA MVPA  -8.07 <0.01  -024 093 -783 <001
LPA  -035 081 -444 <0.01 -409 <001

B 988 <0.0l 499 0.8 489 <001

P 19.13 <0.01 597 040 B.17 <001

KRERES  MVPA 661 <0.01 136 052 525 <001
B4 PA  -034 077 -078 053 -044 <001
SB -655 004 -034 091 -621  <0.01

P -1545 <001 -634 0.6 =901 <0.01

FE L OUB I 2Bk L 15m 5% IR B A P45 AR B BN RO ST
.

Ph 24 h G ShAT R i) & L (GE 2R AR i) Ry AR
b, DA TR R s S (3% 2 AU AR o ) VA
TRFRLR B30T (GRS R 5 ) AR AN AL 20T
AL Hr . PRV AR BMI S, 45 R R,
MVPA 557 8 BkiE (B=10.98 ) FilA i fd e 455 15 4
(B=6.61) B IEAHI, SRAURELZLE (B=-2.36) FlE
A (B=-8.07) ¥R FAH I LPA 5 XU % 22 8k 52
IEAX(B=1.00) ;SB 557 Bk (B=-11.67) A5
TRREETRT (B=-6.55) YR FUAC, 5E AL
ISR (B=9.88) (P fH14<0.05) ,

SRR RRAR AT AT A5 R o, 7 AR B AR Y BMIT
J&i , 10 min MVPA 248 LPA {842 F138 00 0.122 4~
B A s 2 0.131 A~ 22457 ; MVPA £ 4L SP . SB,
LPA 435I fdi 7 2 Bk s i 1.393,1.119,0.909 /> BLfif
R AR N A 1.543,1.273,1.079 A7 ; MVPA #
PRI IS B 47 A 2 WA RU R 325 452 Bk A SF- 17 K B st
[i) i e 1A T A B 255 15 03, AH RO AR 2 A s
PP EI<0.05), W3,
2.3 FRAIILE 24 h FEHAT AL | FIERRAE
BwgHen YARLE LR R, MVPA 5 1 455 JL#E
XMUAEZEBE 2 AR E (B=-1.12) ; LPA 5 EF A
(B=-4.44) B Rt (P {E1<0.05), WFE2,

G 1) R AR AT e W, FE LR S AT R R A AT
W1 ARSI B @ A2 1k, BARTT S, SB 5 LPA #HE.
AR A5 ) Al A7 A e A S K S SP L SB RRAR:
MVPA 238 Jin SO 22 BE R R] (0.153,0.132 43437




- 1260 -

AR T AE 2025 4F 9 H 2 46 455 9 ] Chin J Sch Health, September 2025, Vol.46,No.9

R ZAR M /D 0.138,0.116 547 ; SP SB  LPA #
443 (1.613,1.592,1.598 4~

£ MVPA YRR L5 4

A7), B2 ) A ) 4
#1<0.05) .

W 4,

& 1.440,1.419,1.430 DAL (P

R 3 EWBATILE 24 h G 301T4 10 min FH7 40 AC -5 LA MR FE bR FUME AR L (n=193)

Table 3 Change in predicted value of 10 min redistribution of 24-hour active behavior and baseline physical fitness test index(n=193)

S sp1 SB 1
IR b B LPA | MVPA | Sp LPA | MVPA |
##H 0.027(-0.014~0.068)  0.046(-0.018~0.110)  -0.087(-0.218~0.043) -0.027(-0.068~0.014)  0.019(-0.016~0.054)  -0.114(-0.242~0.014)
e A 0.042(-0.037~0.120)  0.092(-0.031~0.215)  -0.097(~0.347~0.154) -0.042(~-0.120~0.037)  0.050(-0.017~0.118)  -0.138(~-0.384~0.108)
LR -0.270(-0.582~0.042)  -0.481(-0.969~0.008)  -1.543(~2.538~~ 0547) 0.273(-0.039~0.586)  -0.211(-0.478~0.057)  -1.273(~2.249~-0.297)"
WU 5Bk 0.017(-0.034~0.069)  0.001(~0.080~0.082) 0.286(0.121~0.451 )" ~0.018(-0.070~0.034)  ~0.016(~0.061~0.028) 0.268(0.106~0.430)"*
15 m ZERER 3 -0.004(-0.038~0.030)  0.007(-0.046~0.060) 0.026(-0.083~0.134) 0.004(-0.030~0.038)  0.011(~0.018~0.040) 0.030(-0.077~0.136)
FETHA 0.073(-0.138~0.284)  0.260(~0.071~0.590) 1.029(0.355~1.703)* -0.075(-0.287~0.136)  0.186(0.005~0.367)" 0.956(0.295~1.616)**
RFRLEA RS -0.059(-0.228~0.110)  -0.173(-0.438~0.092)  -0.836(-1.376~-0.297)"*  0.061(-0.108~0.230)  -0.113(-0.258~0.032)  -0.777(~1.305~-0.248)*

LPA T MVPA |
(KB AR AR b7 Y SB | MVPA | SP SB| IPA |
Eh -0.044(-0.105~0.018)  -0.017(=0.049~0.016)  -0.131(~-0.260~-0.003)* 0.076(-0.041~0.193)  0.103(-0.011~0.217) 0.122(0.006~0.239)*
e A -0.087(-0.206~0.031)  -0.045(~0.108~0.017)  -0.184(~0.431~0.064) 0.083(~0.142~0.307) 0125( -0.095~0.344) 0.175(~0.049~0.399)
SR 0.468(-0.002~0.938)  0.194(-0.054~0.441)  ~1.079(-2.060~-0.097)" 1.393(0.502~2.285) 19(0.248~1.990)* 0.909(0.020~1.798)*
TUD 2 Bk -0.003(-0.081~0.075)  0.015(-0.026~0.056)  0.283(0.120~0.446)"* -0.255(-0.403~-0.107)"* -0 237( -0.382~-0.093)* -0.254(~0.401~-0.106)*
15 m Z5Eh -0.007(-0.058~0.045)  -0.011(-0.038~0.016)  0.019(-0.088~0.126) -0.023(-0.120~0.074)  -0.027(-0.122~0.068)  -0.016(-0.113~0.081)
ETHA -0.251(~0.569~0.067) —0 77( 0.344~-0.009)"  0.779(0.115~ 1.444)* -0.923(-1.527~-0.320)"* -0.849(~1.438~-0.259)"* -0.662( ~1.264~-0.060)*
KRR 0.168(-0.086~0.423) 08(-0.026~0.242)  -0.669( -1.201~-0.137)* 0.750(0.267~ 1233 0.689(0.217~LI61)™  0.575(0.094~1.057)*
i O WEE AR PR TE AR TR 95%CT; * P<0.05; * * P<0.01,

R4 FREATILE 24 hiEZHTTH 10 min BACE 145 AT BTN (E AL L1 20 (n=193)

Table 4 Change in 10-minute substitution of 24-hour active behavior and predictive values of physical fitness

at one year later in preschool children(n=193)

. - sp1 SB1

T
IR SB | LPA | MVPA | SP | 1PA | MVPA |
#h -0.002(-0.124~0.120)  -0.027(-0.177~0.123)  -0.126(~0.440~0.188) 0.002(-0.012~0.125)  -0.025(~0.104~0.054)  -0.124(-0.399~0.152)
AT 0.001(-0.015~0.118)  0.082(-0.061~0.225)  -0.004(-0.304~0.295) -0.002(-0.118~0.115) 0.080(0.005~0.156)°  -0.006(-0.268~0.257)
ST -0.223(-0.646~0.199)  -0.339(-0.857~0.179)  -0.147(-2.132~ 0038) 0.225(-0.198~0.648)  -0.116(-0.389~0.156)  -0.825(-1.776~0.127)
WU S8k 0.021(-0.035~0.078)  0.039(-0.030~0.108)  0.153(0.008~0.298)* -0.022(~0.078~0.035) 0.018(-0.019~0.054)  0.132(0.004~0.259)*
15 m EpERH -0.006(~0.032~0.019)  -0.004(-0.035~0.027)  0.008(-0.057~ 0072> 0.006( -0.019~0.032) 0.002(-0.014~0.018)  0.014(-0.043~0.071)
A -0.082(-0.348~0.183)  0.165(-0.161~0.490)  -0.026(~0.708~0.656) 0.082(-0.184~0.347) 0.246(0.075~0.418Y  0.055(-0.543~0.653)
RFEREAES  -0.019(-0239~0.200)  -0.008(-0277~0.260)  -1.613(-2.175~-1.050)"*  0.022(-0.197~0.241) 0.012(~0.129~0.154)  -1.592(-2.085~-1.099)"*

. B LPAT MVPA 1

TR
RTINS bR Pl SBl M\’P%l SPl SBl LPAl
B 0.026(-0.119~0.171)  0.024(-0.051~0.098)  -0.100(~0.370~0.170) 0.113(-0.171~0.397)  0.111(-0.134~0.356)  0.086(~0.156~0.328)
A AT -0.077(-0.216~0.061) —0076( 0.147~-0.005)"  -0.081(-0.339~0.176) 0.003(~0.268~ ~0.274)  0.004(-0.230~ 0238) 0.085(~0.146~0.315)
SEBL 0.331(=0.171~0.832) 05(-0.152~0.362)  -0.719(~1.652~0.214) 0.950(-0.032~1.932)  0.724(-0.123~1.571)  0.608(~0.227~1.444)
U 5Bk -0.038(-0.105~0.029) —0017( 0.051~0.018) 0.115(=0.010~0.240) ~0.138(-0.269~-0.007)*  ~0.116(~0.230~ 0003) -0.099(-0.210~0.013)
15 m 415 0.004(-0.026~0.034)  -0.002(-0.018~0.013) 0.012(-0.044~0.067) -0.006(-0.065~0.052)  -0.013(-0.063~0.038)  -0.011(-0.061~0.039)
ETHA -0.153(-0.468~0.163)  -0.235(-0.397~-0.074)* -0.179(-0.765~0.407) 0.025(-0.592~0.642)  -0.058(-0.590~0.475)  0.190(-0.335~0.715)
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