#31% H5 M T 8 % 1 Vol. 31 No.5
2024 £ 9 H Journal of Physical Education Sep. 20214

ETEHFRNBEREENYILEHED AL SERAXR

AFEL, BRI, ATEMES, HARS, INRAC, RES
higk ', HRER', %ﬁ%%‘a , LA
(1B KZ KB, IV ME 330031; 2/LAEAER BEREETFG, I BHE  330006;
3ILPEIMTE RS KB 2~ 5, YL 58  330022)

i3 E: RTRAFHERBERAENY HREFRESD ., KIBESKRES . ALATAMEZY
ARG Yy UBEIR P B o) TACAFAE, B 45 R KA FEhAT )L Z B IR S M A &0 A SR, IR 9 T4
JUHE 3~6 % %)L 807 %, 458h = 4hheik Fitm & FREH S A LATH, Bid)UFREIR ST I ) A7
40 )L BARR 8 A4 BERR IR 5 AL, 4% 0 63 A & @ 2 AR A SR 6 R B IR A G ARIES) . A RATH 54
JLBARB B e BRI Z ) 09 % &, [tk al b 5 R iR AE A AR RAARSIL Y BHIRE LK E S
FIRRARIRE G IRES . K RATHE YU IR B & R IR P A6 T AL, SRR, FPHRE
GARE S 24 UG ARBRIR P R R BEIR AT 1) . O ReERE S g E BA R E AR, AT SREY
REZD VA 10 min FHRRAKIRE JRES . A LAT AR, 235 KX AR LS IRBEIR 5 439 B %
T M B R ] 3 e B T, AR S, P &R E L KES A 10 min 5 iR AK R
BGRES . KRAT A B o305 AR 4 UREIRET 1] 3 22 T, RAARYILFARIK, 9 R Ek
BB ETH, I, SRR ALTHTARSNILAEER GREEYTETE, FITIAA,
B F HRE G REDKTAA T HIARH AR R LE LG K oEnE, 3m 540 JLREAR %) 4,
LY IUEF AR L, B P &R & RS S AR X YA I AR B R, VAR G R R A RAT
Hy Y], SRR G UK R RGA ARG JURRIR P B 69 A R . ek, AP BB E G IRE S b
RAKER B G AR E N RAAAT Ay, "TAE AT G A AR SR K ARG U 3R — AN SIUAS 4 B 64 B AR 9 44
x B O YIULEKRES; A& BRIR; FabRAAA
FESES: G807.1  XEAFRERS: A XEHRS: 1006-7116(2024)05-0143-08

The relationship between physical activity, sedentary behavior and sleep in
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Abstract: To explore the changing characteristics of young children's sleep problems after using the isochronic
substitution model to simulate the mutual substitution of moderate to vigorous intensity physical activity, light
intensity physical activity, and sedentary behavior, and then summarize the effective strategies for improvement of
different types of preschool children's sleep problems. 807 children aged 3 ~ 6 years old from 9 kindergartens were

recruited, 63 linear regression models were used to evaluate the relationship between different intensity physical
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activity, sedentary behavior and children's overall and various dimensions of sleep problems. On this basis, the
changes of children's overall and various dimensions of sleep problems after moderate to vigorous physical activity
replaced light physical activity and sedentary behavior were also evaluated, respectively. The results showed that
moderate to vigorous intensity physical activity had significant negative effects on sleep problems, sleep duration,
daytime sleepiness and other dimensions, and that when moderate to vigorous intensity physical activity replaced
light intensity physical activity and sedentary behavior with 10 min isochronous time, the total sleep problems of all
and substandard children decreased significantly, and all of them continued to decrease with the increase of
replacement time. In each dimension, when moderate to vigorous intensity physical activity replaced light intensity
physical activity and sedentary behavior with 10 min isochronous time, sleep duration of all children with the
standard was significantly decreased, while parasomnias and daytime sleepiness of children without the standard
were significantly decreased. In addition, sleep onset delay and daytime sleepiness of all children were significantly
decreased when sedentary behavior was replaced by isochronous. The study concluded that increasing the level of
moderate to vigorous intensity physical activity is beneficial for young children to maintain adequate sleep and
alleviate daytime sleepiness, which in turn improves young children's sleep problems. Increasing the relative
proportion of moderate to vigorous intensity physical activity and decreasing the proportion of light intensity
physical activity or sedentary behaviors are effective strategies to address sleep problems in young children,
especially those who do not meet the standards. In addition, replacing light intensity physical activity or sedentary
behaviors with moderate to vigorous intensity physical activity at equal intervals can be targeted to improve one or
more dimensions of sleep problems in young children who meet or do not meet these standards.

Keywords: physical activity of young children; sedentary behavior; sleep; isochronic substitution model
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AWFFAE R H AT E N E R4 L MVPA | LPA |
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B {K3E By (physical activity, PAWERAEHEL) L EO
R ARG T 0 3, YETE 2N T L b
HR IR AIR YT 7 28 rh™ IR, AIRERE PA
W H 5 B B AR 3l (moderate to vigorous physical
activity , MVPA) K55 & B A7E 50 (light physical activity,
LPA), LIS AMEAT A (sedentary behavior, SB)&F44754)
JLBEHR )RR DIAH O™ (B GHFSE E B T —
PR 54 LR ) JOC 2, RIS [] — I 1) 4 32 vh
MVPA. LPA . SB 5%l JLRENR IR 45 5 AN ST,
XF i R 15 535 41y ) LR HIR [R] 808 ik R 7 8 0 5 B L5
BB YT, O ESMEE SR AR
PRV R Bl A T A I Tl AR 3 A 55 40 J LRI [7 30 ) £
BRI, BRI i TZBP AR AS B 2R 35 R (68 %),
4L MVPA(113.1 min)izt & T8 B HEFE AR IE(G0 min)
HLk = 245 B AR [P RS BR A S5 AR, HE AR AN

PEVPRFERE PA 5 SB AN[RIZ & 22 1] ity ek [ 37 40 i
Xy JLRERR AR A TR0, FEMIERE -2
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A R 5 24 R I ) L ) AR AR AR AIE o
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JLRE . HE3E45E 1 090 A GUERZIRTS, kRS ik
EEHE T . BRARIME SIS N EREARNS, &
JERFEIA A 807 A, Hh B E 424 44 203 383
%5 MVPA ik%] “60 min” #EFFRGAR)SIL 311 £,
RIRERE B (R IRHR)496 24 0 ZARGLAFI N 3~6 %7,
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1 By =%l n 2 £ 4% %S (ActiGraph GT3X-BT,
Pensacola, FL, USA){‘J-”JEZBJL PA 5 SB /K3, &
[ RS2 5EHE 7 d(5 A 2 H+2 MRE H) . IR
BlRAERnrE, MRIT AR R KSR 2t g LK
KPR 25 ST S, A0 3% S
BBV . WK D) EL RIS o . S A A
ZARGLFE K SN A RERE, B H 3R R KR
L E IR A I AR A A R 2
PR TAERMZKI5ERE, b2k H AR A b H AR
Mo ks 1 & LACEHRE S DT T IR e o IiAs
FS AL E, i ActiLife(Version 6.13.4)% Frk%L
YA T TRk S Ab B,

ZH A F SRR ActiGraph GT3X-BT iS4
FPBE™ s SHO E T EALHE B ARTE 2had B AL E (Bute
IS0 RFERIFR (L5 ) BT ] E S (Choi F7E+)""
B RAREL 22 1 B TA) Y A AL(=480 min) . A 5EL
A SAE(=3d, 3 2 D EFEEM 1 AMRE )
S AIE]SR B AE 3 S EAR AT R SHE S EOE N «
rh R B BHATE B (Counts =2 120/60 ). KR EHATS
@ﬁ(240/60 s<Counts<<2 119/60 s). ﬁﬂéﬁ?ﬂ{](ConntsS
239/60 5), 4l1JL MVPA BYHEFF EEARUEIE N 60 min™,

2)HeE AR

41 ) LB A [9BSR FH 26 B Brown K22 JLBMEHU%
Judith Z i ¢ L BEAR > 153 17) 45 )b SCREEA ™
PA MIHAZE AR 1) 52 IR LR K R4, BoR KA
gL PA P A] A REAR ) R B, MLy
334N H, FHLAPEAL 8 ANMEHR AR, A045 B ik
fiuh . ABEZEIR | BEARATE] BEACAEE . R, SASHE
1N N R4 X S N S PN i 3 R Ik 3

“17 FoRBEH (5~T WIF), “27 FRARC~4 W),
“37 FIRMHIRO0~1 W), F7 B AE AR AE )7 75
TSR ME I X AR AR A EEA TPPAl . AWFFER 5
FEL R o REOS AT — B BT, 4520
TR AR SR ELR o RBCR 0.7, P —E
PERSHF, KMO ZRECH 0799, TVERFIERSRIE B R 2%
JBE(P<0.001), 1] VLIS A RAFZSHR0E .

IEAMEHRE.

S AH G B R AR 1™ I ik A 7
FECRE. FPETRAELSILMER . . e R AL
BRAPOIRNL, MELLE S . BRI F A S A
FaE(BMI),

HEFGEIT

fiiF IBM SPSS 28.0 Rk TS it b,

P<O.0S(WUE)KE N A G2 F M ST AXTSR
FA(EES PA. SB. MEAR AV TR YESHT
XFAF G IE2S 5341 RS R FH 18K + ARl 22 (M + SD)
TR, REARFF G IR 430 55t R 7 e (d 43-for
[ EEYHEA T, IR FEA TR N2 BREE U
Keg: 43 PA . SB LA IR 7] A5 K 4% 4k P A543
2E SR, ST 63 R [RIIARIRY, T rb B P AR
(27 By, ECEIRLO B, FHLLPEAG MVPA, LPA, SB
S EAR ) ] R OCH , AERP R URERL (27 Fin AL 43
Mr i Jakbn . Ribbr%JL MVPA . LPA . SB HHE
ARXGT HEE R 7] R P 5]

ZHEHIAIIGE, 8% 10 min HIEAEA QAL
TEIBITIRLZ A, # AT 1E sh2E A (MVPA | LPA F1 SB)
AR I: LA B 10 /R 10 min FISFIR] A, B4 1
ASBANARFAERIENN 10 min, DK MVPA . LPA Al
SB B [RIARAN, #EN7 1 N FRom 0 g B T S ik A4 g AR
SEHEAT AR o B DR AR A S PEAL BN Bl AT
PSR N R, BRGEE SB i T3 BEIRAS &
=(B1)SB+(B5)M s, Ay el [ RHAG A T A 1A TR,
B B IE S RIS AR R R RE S, FROR R AR AR
=(B1)SB+(B2)LPA+(B3)MVPA+(B5) M5 5, ZEmf AR AR
AUy B AR 75 5 =(52)LPA+(B3)MVPA+(B4) & 1% 5l It [7]
+HBSMME R, ZARAI Y R AL g2 1 B3 AR 1 R
FIZEAIMVPA 5 LPA)EC SB 10 min, [A]Af {545 HA
TG BB E UG I (7] RO RICR o an g2 vl LUk
FELRFE MVPA FLEVREL I AR A (15O, H LPA %5
#e SB 10 min FYRCR, Hrp p1~5 R4 HIGE SN REL

2 HBR59H
2.1 HILEKIER

BAKIES T, B MVPA, LPA WES T4
(P<0.05), 1M SB I A% T2 7 (P<0.05) 5 BRI (R #5 7 T
55 B R WG REAS 73 10 351 T 4 BE(£<0.05) ; HoAh g R0
R LE 1) NG ST T 22 KK 1
INT 4, BRIEH 1.879, FIEEIT R Z AL
P, AT 250,
2.2 %1)LMVPA. LPA. SB SRERR|a)5H HY < Bt

PPN EREHILE R B, MVPA X401 L A AR 1)
1 (8=—-0.288, 95%CI: -0.51~-0.066, P<0.05). R
A 1A] (5=—0.082, 95%CI: -0.140~-0.024, P<0.05). H
KIEHE(=—0.125, 95%CI: -0.222~-0.028, P<0.05)}]
HREARAER, SB X4 JLMEAR £ & (8=-0.020,
95%CI: —0.036~-0.004, P<0.05)4 @& mnalEM, 7
Jig A5 750 45 BT, MVPA X 4 JL B 4 e IR )
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(B=-0.378, 95%CI: -0.66~-0.095, P<0.05). AHEIE AW EFEAMEA, SB X4 JLHEAR £ & (8=-0.020,
R(f=-0.036, 95%CI. -0.072~-0.001, P<0.05). HEMR 95%CI: -0.036~-0.003, P<0.05)F W& Hm/EH; H
mFE](B=-0.122, 95%CI: -0.196~-0.048, P<0.05). [ 2R T 2 (LK 2).

FKIEME(=—0.143, 95%CI: —0.267~-0.019, P<0.05)}]

1 ZRAYILEXER

£ B (n=424) 4(n=383) 4 (n=807)
X 4 4.7+0.9 4.5+0.9 4.6+0.9
ST A % & /m 1.1+0.1 1.1£0.1 1.1£0.1
B /kg 19.3+3.7 18.2+3.2 18.843.5
BMI/(kg-m™) 15.6+1.8 15.2+1.5 15.4+1.7
5 3% G 4R E S /(min-d ) 61.4+20.3 51.9+18.17 56.9+19.9
FAREZD 1%3% B & AR 3E 3/ (min-d ™) 226.1+38.8 212.2+40.5Y 219.5+40.2
A AAF A /(min-d ™) 481.4+84.5 495 4+78.5Y 488.14+82.0
R AT ARk 11.242.5 11.1+2.4 11.1£2.5
NBEIEIR 1.8+0.8 1.8+0.7 1.840.8
R AR A 14) 4.9+1.6 5.0£1.6 5.0£1.6
BEIR B 7.1£2.0 7.0£2.1 7.0+2.0
R HR, 5] 2 T B 3.34+0.8 3.440.9 3.4£0.8
F AR 8.3+1.6 8.4+1.7 8.3£1.6
B AR PR R A 3.3+0.7 3.240.6 3.2+0.6
& K gk 11.9+2.5 12.442.8Y 12.242.7
SR R IR 5] H 47.445.8 47.946.3 47.6+6.0
1)P<0.05

®2 PEBESHER. KRBESEED. ALITASH/LERIEHXR"

%51 TERBRESHREH A&3EE F R E ) X AATHy
B 95% CI B 95% CI B 95% CI

B AT A ik

BEA | —-0.030 (=0.121, 0.060) —0.019 (—0.060, 0.021) -0.016  (-0.036, 0.003)
BERL 2 —0.030 (—0.145, 0.084) —0.008 (—0.059, 0.044) -0.017  (-=0.037, 0.004)
B LR

AR ] —-0.024 (—0.052, 0.004) 0 (-0.013, 0.013) 0.001  (—0.005, 0.007)
AR 2 —-0.036? (=0.072, —0.001) 0.010 (—0.006, 0.026) 0 (—0.006, 0.006)
R R B 18]

AR 1 -0.082? (—0.140, —0.024) —-0.001 (—0.027, 0.026) 0.007  (—0.006, 0.020)
BERL D —-0.122? (—0.196, —0.048) 0.031 (—0.002, 0.065) 0.002  (=0.011, 0.015)
BEIR B

AR ] —0.042 (-0.117, 0.032) -0.029 (—0.062, 0.005) -0.020”  (=0.036, —0.004)
BERL D —-0.034 (—0.129, 0.060) -0.015 (—0.058, 0.027) -0.020”  (=0.036, —0.003)
TR B

AR ] 0.011 (—0.019, 0.040) —-0.002 (-0.015, 0.012) -0.003  (—0.010, 0.003)
BEAL D 0.016 (—0.022, 0.054) —0.006 (—0.023, 0.012) -0.003  (—0.009, 0.004)
5 A BE AR,

ﬂ_l\a

BEA | —-0.020 (—0.080, 0.040) 0.003 (—0.024, 0.030) -0.006  (-0.018, 0.007)
BERL D —0.047 (—0.123, 0.029) 0.017 (—0.017, 0.052) -0.008  (—0.021, 0.006)

B AR 2R [ A%

AR ] —-0.011 (—0.034, 0.013) —-0.003 (—0.014, 0.008) 0 (—0.005, 0.005)
FER 2 —-0.011 (—0.041, 0.019) 0 (—0.013, 0.014) -0.001 (—0.006, 0.005)
EE:3

AR 1 -0.125% (-0.222, —0.028) —-0.029 (-0.072, 0.015) -0.002  (-0.023, 0.019)
i) -0.143% (-0.267, —0.019) 0.011 (—0.045, 0.067) -0.007  (-0.028, 0.015)

AR B IR 5] 2

BEA ] -0.288? (-0.510, —0.066) —-0.059 (—0.160, 0.041) -0.027  (-0.075, 0.021)
i) -0.378? (—=0.660, —0.095) 0.050 (-0.077, 0.177) —-0.041 (—0.090, 0.009)

DEEAL [CERARA) R EMR . S8, BMILL W A&, O Alkon; A 2(5 Bt A)=(81)SB+H(B2)LPAH(B3)MVPA+(BS) X &, EALA
1 695k ah B R S8 BMIL 3RS E . KB ARANFRLESNTA, )3 AHE FHANESHIE I 10 min B4R ; 2)P<0.05
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2.3 #)LEENITHA 10 min AAE SRR X BERR (2] 81
HTLIFR
DADLEAZEARIE L
SRR ZE S R B, MVPA UL 10 min 2505
& LPA . SB A 4f LA AR 7] “ﬁﬁ%TF%(RO.OS),
HAEN A5 -0.43 73 5-0.34 43, [RZ W3 F T
TEAYEREH, MVPA L4 10 min ffﬂﬁéﬁ LPA Fif BEHR A
[E](f=—0.153, 95%Cl: -0.252~-0.055, P<0.05)%#
Me, RZ 8% T L 10 min Z80H54E SB I, ABE

FEIR (=—0.036, 95%CI: —-0.071~-0.002, P<0.05). [
HRAFIA] (B=—0.124, 95%CI: -0.196~-0.051, P<0.05).
F K IEHE(=—0.137, 95%CI: -0.257~-0.016, P<0.05)
P E T, RZE LA, ARBRTEHER
(W3 3)

DA R A E , &R i B e 4 2 8
WXTFRYE. B MVPA A8 LPA . SB ] ()3
o, S LSRR [ B2k TR, S m R, 4L
BRI ) R 4P T, FRRIERESE T LR

B

£3 10min PERBESEES. RBESEEN . ALITHEBRIT RS LER BB AR
%31 10 min F 53% Z G 18EH 10 min 1&3% E & 4K 7E ) 10 min A AT 4
i 95% CI i 95% CI i 95% CI

B AT A it

® -0.014 (=0.125, 0.098)  0.009 (=0.051, 0.068)

©) -0.023 (=0.175, 0.129) -0.009 (-0.068, 0.051)

® 0.023 (-0.129, 0.175) 0.014 (-0.098, 0.125)
AN BEIE R

® -0.036?  (-0.071, —-0.002)  0.010 (=0.009, 0.028)

©) -0.046 (-0.093, 0.001) -0.010 (-0.028, 0.009)

® 0.046 (=0.001, 0.093) 0.036% (0.002, 0.071)
B AR B ]

@® -0.1242  (-0.196, —0.051)  0.030 (-0.009, 0.068)

©) -0.153?2  (-0.252, —0.055) -0.030 (-0.068, 0.009)

® 0.153% (0.055, 0.252) 0.124% (0.051, 0.196)
e AR 2B

©) -0.015 (=0.107, 0.077)  0.005 (-0.044, 0.054)

@ -0.019 (-0.145, 0.106) -0.005 (=0.054, 0.044)

&) 0.019 (-0.106, 0.145) 0.015 (-0.077, 0.107)

T B

@® 0.019 (-0.018, 0.056) —0.003 (-0.023, 0.017)

@ 0.022 (-0.029, 0.072) 0.003 (=0.017, 0.023)

@ -0.022 (-0.072, 0.029)  —0.019 (-0.056, 0.018)
A BEIR,

® -0.040 (-0.114, 0.034)  0.025 (-0.014, 0.065)

©) —0.065 (-0.165, 0.036) -0.025 (-0.065, 0.014)

® 0.065 (-0.036, 0.165) 0.040 (-0.034, 0.114)

R MR o o[ A3

@® -0.011 (-0.040, 0.019)  0.001 (=0.015, 0.016)

©) -0.011 (-0.051, 0.028) -0.001 (-0.016, 0.015)

&) 0.011 (-0.028, 0.051) 0.011 (=0.019, 0.04)
B3

©) -0.1377  (-0.257, -0.016)  0.018 (=0.047, 0.082)

@ -0.154 (-0.318, 0.010) -0.018 (-0.082, 0.047)

©) 0.154 (-0.010, 0.318) 0.137? (0.016, 0.257)

SRR AR 7] AL

) -0.3377  (-0.612, —0.062)  0.090 (-0.056, 0.237)

® -0.427"  (-0.802, —0.053) -0.090 (=0.237, 0.056)

&) 04277 (0.053, 0.802) 0.337% (0.062, 0.612)

DOBRALITH, QBERIKIRE G HRES, QBFR T HBELRES; RERERA | £ BMIL, RS A%,

B B3 2406 10 min RE) £ A EF AR B ARG R 2)P<0.05

LA AN LB Ak T F R



148 HTEET

¥31 %

)ik G AR BARL LB G

SERPRRACIRIZE SR B, MVPA LA 10 min 251
f& LPA. SB B, ARIEFR4ILAEARIERR AR 5 2% R
(P<0.05), HAN #5331 4-0.85 535-0.74 43, TE454E
JErR, MVPA Lk 10 min 508X LPA | SB i, iAFR%)
UM 1] (P<0.05)3 i 3% F R, A iAbR%l L5725

Hi . I RIEHE(P<0.05)1 1 35 T K . HARR UL 1
ZRE 9.

VAR R, 45 P i 2 R At B ) S B
WXIFRME . BEE MVPA SERPE{C LPA. SB Bf[RIA3H
1| Sy vz B NS EN M FESES AN & M P k=2 Avin
4y JLBEAR AL HESE BT, IR ST B THIRE

F4 10 min FEBESEER. KBESEES. KLITHEMBERITERSRERE) LER )220

10 min P & 3% B & R E S GEAR)

10 min W & B E &K EH(REAFR)

e
B 95% CI B 95% CI
B Y AR ik
(R A AT H) 0.074 (-0.139, 0.287) 0.028 (-0.219, 0.275)
CERARIE E F 1R &3 0.050 (=0.209, 0.308) 0.029 (-0.264, 0.321)
NBERER
RR X LATH) -0.061 (-0.124, 0.003) -0.003 (-0.081, 0.075)
CRRARIE E F 1R &3 -0.066 (-0.143, 0.011) -0.014 (=0.106, 0.079)
B AR, B ]
CRRAAAT A7) -0.153% (-0.289, —0.017) -0.150 (-0.312, 0.012)
ERIKERE 1R &) -0.177% (-0.342, —0.013) —0.189 (-0.381, 0.003)
BEAR 5
CRR A ALATH) 0.002 (-0.167, 0.171) 0.011 (-0.197, 0.218)
CRRARTE B G 1RE3) -0.035 (=0.240, 0.170) 0.028 (-0.217, 0.274)
R BE
CRR A ALATH) -0.020 (=0.091, 0.051) -0.045 (=0.126, 0.036)
CRRARTE B G 1RE3) -0.018 (=0.105, 0.068) -0.043 (=0.139, 0.053)
T A BRIR
CRR A ALATH) -0.036 (-0.169, 0.098) -0.200% (-0.368, —0.031)
(BERIKEBE S R EH) -0.073 (—0.235, 0.088) -0.223% (—0.423, —0.024)
B IR 2R [
RR X ALATH) -0.036 (-0.091, 0.018) -0.032 (-0.097, 0.033)
CERAKIE E F R 3)) -0.034 (=0.100, 0.032) -0.037 (-0.114, 0.040)
G Rk
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