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Effects of RCT Interventions on Sedentary
Behavior and Screentime in Children and
Adolescents Aged 2 to 18 Based on Smartphone
Technology: Meta-Analysis
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8 E: A4 R Meta 5 4747 640 % BAUAT X 30 (RCT) , 4R 347 A F AULB A AT ST
WE FHBILERF I FHLTAERRENEATRALEGTRAR, Fik ddhk
PubMed . Web of Science .EBSCO #e W I 4 ] (47 HAF) ) 248 B | 3K B e F AL K FFL
FH VA AT A BB R aT 1] 69 RCT; & A Cochrane 16 5 R 35 48 T B 3 47 3Lk SR 2 3%
#r, STATA 15.1 AT & FF 2B T Ae LA 54T, 25 R: AN IS H, L F A
#2 5 (App) T3 % 4245 (SMS) T 10 % . App+SMS T3 2 % . Meta 57 &I, 5 *+ &
LARYE , A7 AL T ALH A ST H A AT O B I 6908 Y B 23 T IAOR (SMD=0.04595% C1:-0.06,
0.14; P=0.41) , 42T 2 % FAK 5 Fnd 18] (SMD=-0.24;95% CI1:-0.35,-0.13; P<<0.001), 41
SMRIL, AT SMSH AR SMSHH4e  >12 % > 12 B J7 5 <3 k/8 3 T B F AR 35
B A) AR & 0 20 ¥ K LR AR AT A B R B R R VAR . 4k A TR AT AL R TR
TR AKEILEF DSR2 AT A R R TR AT SMSE A FsA
ZBCE R 1A 5 AR T AR S B R R ] 6 AR R 2 g, KRS AR R T
TEARARILTF TR

KB : B AT AU AT A R LE R S F

Abstract: Objective: Meta-analysis was used to to determine the effect of smartphone technolo-
gy on sedentary behavior and screentime of preschoolers, school-age children and adolescents.
Methods: Four electronic databases, PubMed, Web of Science, EBSCO and the CNKI were
searched for randomized controlled trial, and smartphone technology intervention in sedentary
behavior of children and adolescents were obtained. Risk of bias was assessed by the Cochrane
collaboration tool, and the Meta-analysis was performed by using STATA 15.1. Results: A total
of 15 studies were included, among them 3 studies for APP based intervention, 10 studies for
SMS based intervention and 2 studies for App+SMS intervention. Meta-analysis results
showed that comparing with the control group, smartphone technology had no significant effect
on sedentary behavior (SMD=0.04; 95% CI: -0.06, 0.14; P=0.41), but significantly reduced screen
time (SMD=-0.24; 95% CI: -0.35, =0.13; P<<0.001). Subgroup analysis found that SMS based
intervention, SMS+ Other, age “>12 years”, “>12 weeks” and intervention frequency “<<3 times/
week” could significantly reduce the screen time. But there was no significant decrease in seden-
tary behavior time in all subgroups. Conclusions: Smartphone technology intervention can effec-
tively improve the screen time of children and adolescents, but it has no effect on sedentary be-
havior. SMS based intervention can effectively improve screentime. The effect of smartphone
technology on improving screen time is suitable for adolescents, and long-term intervention can
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better reflect the effect of improvement.

Keywords: smartphone; sedentary behavior, screentime, children and adolescents
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#i AL 4T N R A A AT N (sedentary behaviour, SB) ,
THBERAE T PIrA A AL RHEE BT G BE RTHAEIRT 1.5 MET
947 A (Tremblay et al., 2017) . b, & AR 45 P AL
I F, T 3 X S5 (4 I8 1) Bk Oy B %2 16 (8] (screen time , ST
7 LB D NIRRT IT b e 3 R ) AR 4T 8 22 — (Bid-
dle et al., 2009) . BF 7K B, # A4 AN B ) £ 35 J5 K5 O
L 9595 1) R 8 FR AR T2 36 L IR B AR B B L R R AR
PUAN AR B K JE 25 B 0 55 v BEAH O (5 ZE B 45, 2018
Katzmarzyk et al.,2019) . %[ %] JL 5 > 4T A4 (1) SEUE I 52
S8 UE S B R DL, AL AT O 5 I BE < v L s T IR L AE K
A I A JE 25 YA O¢ G 7 4%, 2020 5 Same et al., 2016) o
I, 5 A4 2H 21 (World Health Organization, WHO) P4
Jr ] S [ R OKR SIE S5 [ 2% 0 A S AL R 23 79 B 4% ) L 3
TS AR AT O 5 B e I T AF 6] R D% 4R R AT AR v,
S T LB R AR AT N ] <260 min/ K\ BE HE R ] <<60 min/
K (Okely et al., 2017 ; Piercy et al.,2018) , J| # 75 /b 4E & A
AT 9 I 1R] <60 min/ ¥, BF e I (7] <<120 min/ K IR = 4% 55,
2017 ; Piercy et al.,2018; Tremblay et al.,2016) . H #l , & ¥k
Y2 )L T /D AR R AR AT D9 IS TE) 55 7 5 I () 25585 DA AR
1 (Andersen et al.,2017; Chen, 2017 ; Roberts et al.,2017) .
2016 4, v [ 22 % ) L3 75 2 48 44 g 0% 3 A A S5 Ad AT 7
(Physical Activity and Fitness in China—The Youth Study , PAF-
CTYS) KB, 37% i) JLE 75 /D 458 1 1 B BF e B ) Ao 14
(Chen,2017) . [AIH, Urfaf 43 R /b L3 75 A i AR AT
WL 1) R e S 1) 2 By I I o0 5 e ) 8 36 T A

FAT, 223 2 2 T AR I (4l L S SR SR RE A DO
(Cassar et al., 2019 ; Mcmichan et al., 2018 ; O’Brien et al.,
2018) FlI 5 it ( 5% BT AL AL « 3l 37 28R AR 55D (Allfes et al.,
20165 Altenburg et al., 2016) 44 2 ik 2> B A8 47 A e 1] 5 3¢
Fe I 1) 1A 2007 2, BT — S R B R AR B i Y R A
AN LA A A e A S Tt PRt LSO ARV B 4T
GRS, AR, BRTIHEARNE TEES
i R T 50 Ak 2 A I 5 G A AR R R R BE L e O A
15 E FH 28 5 il 5 5 B M 2 R 0 A AE A5 7 T (Mecabe
et al., 2017 ; Mckay et al., 2018 ; Rathbone et al., 2017 ; Wang
etal.,2017). Ik, [ 4¢3 H #2 7 (application , App) Al
{5 (short message service , SMS) 2 Ff 5 A Xt 2 g F ML+
AR T A AT N 5 BE e 8] B A I BORIT & TR SR 0
F, #EL FE A (Finkelstein et al.; 2015 ; Thomsen et al.
2017) 1 JL # 7 7> 4F (Armstrong et al., 2018 ; Nystrom et al.,
2017)5

SR, 25 & A 2 B LGS 832038 (randomized controlled
trial, RCT) A& B, B BE FHLEOAR S 5 WA B+ T B, &5
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SCRRERIRED : A

WA =B AT, il G FHILECR, 41 APP 5
SMS & - J9 ) i 35 k2D L 2855 /0 4 i AL AT D I (] 55T R
i [8] (Chen et al., 2017 ; Gutierrez-Martinez et al., 2018) , #&
T A A 90 R LI 38 AR (Armstrong et al., 20185 Nystrom
etal.,2017) . EUIAE M+ 07 3, WA 2 BE FAHLECR
(App SMS &) s & H S /E I 2 8 B FHLHEORE ]
T — KL D ERAR CER AT L R )L E D
DT R TR S AR R 7 X L A B
R MFEIGEN RS . HAl, MK RE TIN5 Meta
3B 2 42 th T B4E A\ (Buckingham et al., 2019 ; Direito et al. ,
2017 ; Stephenson et al., 2017) , & & £ 8l F ML+ TR K 5k
SN 5 I ) £ 3 25 R 1) Meta 23 BT AN T 20 4 B
H AR AT WA 73 A 2R W AN W) B3R B9 52 Wi CShin et al.,
2019) . T H Al B8 T HLAE AT T ) BRI A 35,
#2020 6 H, 1 E 10 2 BLTF A 10~14 2 N FHL App
B O 2y K B 28 1 44 3K Cop [ A 19, 20200 , H A4
A7 9 55 57 5 I ) A% B 32 B VR 2 R B2, [N b A B 5
K Meta 73 Br, 8 05 & B8 FHLER X 2~18 % )L # 75 /b
AR AT O 5 R R () A T BORCR R AE B B Al B R
NIAZ 7 S8 BN I ETES b

1 HRAE

A HIF 5T 1) S it U B AN A 2 15 5 7 4 G < PRISMA 45
F§ (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) o
1.1 Ak ek

£ PubMed . Web of Science EBSCO 1 1 [ 1 % £ 4
JEHEAT SCHR R 2, A% 0 OB ] L 4R )L B Cchild™) 5 2D 4R
(adolescent®) « & & F Ml (smartphone) it A2 17 4 (seden-
tary behavior®) \ i & ¥ [11] (screen time) A1 AL (random*) .

JH i PubMed MeSH Database 1 H fifi 48 2% 5] % 4% 21| ¢
B AR] (1) 30 SCIA] ALHE 4 4 10 AN HE - 22 8 AT (preschool®) L %))
JL I (kindergarten) « /s 2% 2= (elementary or pupil) « /> 2%
(primary school) « H' %% (middle school or secondary school) «
151 H Chigh school) « 7 /b 4 (youth or teen*) %% ; 2) T il : F
#L Ccellphone or cellular phone or mobile phone) « # 3l i A
(mobile technology) « # 21 { i (m-health) - P # Hi i (tab-
let) il B i1 Caccelerometer) - ¥ 2/ 10 3% 1 Cactigraphy or
activity tracker) « 1125 2% (pedometer) « £ 3/ ¥ F (mobile ap-
plication or App) « #% &/ & & Vi X% (mobile exergame or mo-
bile game) . % {5 (text message* or short message service or
SMS) . 4t 58 B & (social media) %5 : 3) 45 J& « # AL 4T Ay
(SB) . 4 4 3% 77 X (sedentary lifestyle) i A B ] Csit-
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ting time) « BF %= I [A] (screen time or screentime or ST or
screen-viewing) « FL i 5 [8] Ccomputer time) « FEL AL 8] Ctele-
vision time or TV time) - H T-Jf# #% Celectronic game* or vid-
eo game*) . §if (lying)  E (reclin* or recumben*) | £ 443 5l)
(PA) AN 3l Cinactivity ) « 8% % (exercise*) « 12 ) (sport)
35 (steps) « fi §2 47 Chealth behavior* ) 2 ; 4) #f 77 25 .
I (rial ) 25

H DA b O S ) 5 SO AR B PR b AT B b A S R
F, B PR g b A ZER R B R 2R IR A
£ 20204 1 A 16 H , Jo il 5 MRl bR 24T N TR Z 3
A 2R L FR rh R AL R SR
1.2 NS HR AR E

2 4 PICOS J5i Ml [ participants ( 5%
(T « control (X} 1) | outcome (45 &) < study design (iff 5
%11 ] (Liberati et al., 2009) , AN A5 : 1) 230 F N L E
HOEQ~I18%), BEZARATLE(2~5%) 2 LE
(6~12 ) D3 ~18 %) 2) F Hidfi i Sy 5 T App
B SMS &5 8 e FHLEAR 3O MR AT N2 A S AR, T T
W98 M ELLA b 4) BN T T 5 LT 15 5O 45 w4
BB 55 i A AT SR BT S ) ] 5 6 S 3% ¥ v 2 RCT BRI IR
%f H#X 56 Ccontrolled clinical trial, CCT) o HEBR AR : 1) 30
TR A AR B i 2 B3 5 2) - T4 it Dy 6 & i AL R (o o
ali v i FLER D A5 5 3) To T A 5 4) 4 JR) R A Hdls A
P22 5 s 5) AR SRR T SR S 2 3
1.3 HKIFEIH

2 B2 5T N 53 43 5l GO [ W 5 3R AT MR SR B, 7 AR
53 SIS W P — EOEUE W B 3 AL AN L AR . SRELH
SCHRAE B IR AURE ROy VR AR B RO %
PR AR RS PRSI AR S T TURHE CF T4 it 8 9
AR NG, 5 G 7 2 Gt Fade A D o ibah, Rl — R 3
R AN A7 22 A F 5000 3 SR BOCECH < 5 B Bk 2k I SR A
FKIL
1.4 FrEefm

TETE‘Cochraneﬁﬁﬂbﬂ:ﬁ]:/\,ﬁﬁﬁtﬂ/\@ﬂﬁ
L TT R BRI e R R AR
I 58 &5 SR H 4ﬂfﬁf§§f€‘ﬂ?6/\lﬁﬁ AN, B IR R AR
AR S g DB 2 R S E VA AE I
FERUE 5T M LA S, BRI e HE R 00 H VT Al 4 SR
EVE R T A B IR T ESRE . A IE 1
i 73 R AGANTE 2 i i oy U 3 A5 2. BRI 7T 2 T
6 I H ) VP Ak 3E AT B AR VAL 3 A O A XU R i
fa AU A0 & i o LI 3 AN &8 2, i £ LI 18] B Review
Manager 5.3 B4R B i far XU R 2 A2 98 N D VT A 72
A5 52 S TiBURYI N R VIR S R E VAT AWNGAY (378
1.5 %itsi*

K FH B8 L 280 R BB AT Meta 73 #7068 T B B 52,
TR0 R /INTH SRy T4 DA A 0 B T 45 T 0 A (1 22

i # ) . intervention

B . TfF 503 #75 b 1% (standard error of mean, SE) « B {5
[X [8] (confidence interval , CI) 8% VY 43 {37 (quartile) , NI #%
A FRHE 2 (standard deviation, SD) it 47 43 #7 (Thiessen et al.,
2007) & I 0N 4G R A8 w2y O AL AT D AN BE I )
FH T A5 FH A [] £ 00 A3 38 5 AL SR 95% CT IR s 4 A ST
] 7 (standardized mean differences , SMD) # 17 & 3 4t i1
(Vanhees et al., 2005) o AR 4 SCHRAF 55, DUAS [R] AR 2K 7Y
(App M SMS) & 75 FHLECAR BT Bl L 4F e ol 391 =
88 5 ORI S TR Al R PR I8 56 20 55 R 3R O 4

K H P 8uit & 1 Cochran’s O 16 46 49 N W 53 18] B 2 11
R, M P<25%.25%<<P<50%-50% <P <75% fl /=
75% B, 53 4 8 O AFETE A% ORH B R R . SR
H Egger far il 44 N AIF 5 52 153 47 75 K & A far 5 K FH UL 7
TR 56 WF T 2 R T AR IR R R LR R R
e SC RN A IF RN AR AT AE 3 R . R 1] STATA
(Version 15.1) B A 58 T A 4i it , P<<0.05 458 XN A
CEMERIFER

2 #R
% B A R A S SR 2L 3 047 B, N 5 B E SR
637 f o I I [ S b R B HE R 2 303 G, P ik )

A SCHERR 93 1, B 525 SCHR A R H R A AN BRI 1)
SCHR RS B JE RN SCIR 15 R (B 1D .

HNE e He R P4
Lk (n=3047)
—> BEE LK (n=637)
18] i AR AL 5 A 2 HErR Sk
ik (n=2410) 1) *~4a% (n=2241)
2) ZiXEFHE2~18% (n=43)
3) Protocol (#n=10)
4) JERCT (n=8)
5) ik R %IEN (n=1)
A AR
(n=107) HErk Lk
1) fcéé&:#a#réi% (n=11)
2) A—%BAR (n=6)
3) FiXFF#EE2~18% (n=9)
4) B R aASBAST (n=62)
5) A AKKERFEEZF (n=1)
6) 4ERCT (n=3)
7) %%ﬁ)*];ﬂmm—s}f] (n=1)
AN K 3 Y PT A & 84 Sk P 4
(n=15) HHEXHKFMm (n=1)
B1 XEiFERER
Figure 1.  Flow Diagram of Study Selection
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Table 1 Characteristics of Included Studies
. . AR N A bl
A5 AR B % W B JB 4R FEA LES B ARG SRR Y]
(B /%) ik
Nystrom et al. it 313(170/143)  45+0.1 6/4A App il A ER N AR S ) F#  AG  SB
2017
Chen et al.,2017 £8 40(23/17) 15 6/NA App+SMS+  1k/B MdrBRAR+3EE a&MdE U ST
H i
Mendoza et al., £8 59(24/35) 16615 10  App+SMS  7k/FA Miz5EA4%+&E R FMFE AG SB
2017 ARG SR 413 8 R
Direito et al.,2015"  #7 % = 35(16/19)  15.67x1.1 8} App =30/ E X G FHEH AG  SB
34(14/20) =3 R/E AR iE XD R
Smith etal.,2014 R KAE  361(361/0) 12.7+£0.5 8AA* App+Hit [Cl: S E Dy FHIRAL EM ST
Barkinetal.,2018  £HE  610(294/316) 43+09 3% SMS+i# — fFHRF FHIRFE AG  SB
Gutierrez-Martinez S8 E  120(51/69)  10.50£0.64 107  SMS+3tie  7TR/E M FHEH AG  SB
etal.,2018
Armstrong et al., £B 101(39/62) 99+2.7 3A4A SMS TRIPF  RACE AR+ FHAPE EM ST
2018
Silvaetal.,2015  #&HF  139(66/73)  9.90+0.44 8  SMS+ii  7R/A wEMERATAHFM  FIHF EM ST
iRz
Fassnachtetal., % 47 49(23/26) 9.6+04 8F  SMSH+i4L TR/ @EMEEATARME  F11HF EM ST
2015 R
Newton et al., 2014  £H 27(12/15) 87414 12/ SMS+HAM  1R/JA BB A& M4 £M SB
Dewar etal.,2014 RXAE  357(0/357) 13.184045 124 SMS+H4e  1k/A #m FHIRE AG  SB
bile A ST
Patrick etal.,2013  £H 101(37/64) 143415 1248 SMS+i4 =3%/F BiF#t=-+AE HHIRAE EM SB
Haines et al., 2013 £ H 111(55/56) 41+1.1 6AA SMS+HHie Z=1xk/AE HB+HiTahitw FH FM ST
Shapiro et al.,2008 £ & 40(14/26) 87123 8A SMS 148/8 s+ %45 84 Hmsil EM ST

EAG. ik AR RS xR T R BT BRI A TIRE R R, R R AR R KA 2 AR,

22 ARAE R

YNNI 1S F SCHR AL H5 3 7 A XU L 10 5 Hh 45 XU A
2 f R AU SCHR . Dewar 25 (2014) 76 SCHR A $if i Bt AL
77 R A5 43 e B i, (H7E e 5 — R O R R B B 4
SCHRH AR B, BT LI H R K . Skl & 7 O E
W A S 1 BT DA E IR R . Bk Ah, LR
SCHR xR 2 A8 SMS B A KR E FR R, B R B
T IR AL AT Y, (B AT BE 23 56 W) B 25 45 L, TR ab G Al XU Sk
VR H PEA N RS (Newton et al. , 2014) (B 2. 3)
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Figure 2. Risk of Bias Graph
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23 Meta 4R
231 BAFGHEARBER

T8I X 8 e (9 T 7T ) 45 Jai i b 0, 2 i AL AT DA 1) SR
Hdh HEAT Meta 201 & B0, 5 % IR AL A LE L 5 BE T AL A
I/ T AL AT g [E) TG 2 35 4 H (SMD=0.04; 95% C1:-0.06,
0.14; P=0.41) ; 5 T WAT A L , B RE FHLE AR T 15 % Ak
17 R I 18] 7R E & 3 A8 4k (SMD=-0.13 ;95% CI:-0.35,0.08 ;
P=0.23). S BPESE R B IR, & B 50 A AEAE 5 (P=
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0.0%, P=0.46) . Egger f& % 45 B ox , 2 WF 7% 8] 6 B &2

K FEAm A (P=0.24; B 4),

% (i)

SMD 95% Cl B E/%

Nystrom (2017) L 0.10(-0.12,032) 20.07
Mendoza (2017) —st— -0.08(-0.59,0.43)  3.78
Direito (a) (2015) ———— —0.10(-0.76,0.56)  2.24
Direito (b) 2015) ————0.02(-0.69,0.65)  2.18
Barkin (2018) B -0.00(-0.16,0.16)  39.17
Gutierrez (2018) —=—  ~0.38(-0.81,0.05) 542
Newton (2014) ——+——0.08 (-0.84,0.67)  1.73
Dewar (2014) L= 022(0.01,043)  22.78
Patrick (2015) —-0.04(-0.65,057) 263
B3+ (P=0, P=0.455) 5 0.04(-0.06,0.14) 100.00
-2 -1 0 1 2
TR *t 2R
4 BERFNEASHRANILESDEFHLIT AN LE
B Meta 4
Figure 4. Meta-Analysis of Effects of Intervention vs Control on

Sedentary Behaviour in Children and Adolescence
7 :Direito(a) 5 Direito(b) A Fl 1 4 Lak & 2 MF A

232 BREE AN ER

T3 T 9 R 45 JR 4R b A A B R I Th) ) SR K 2 AT
Meta 73 1 & B, 5506 B2 LG, 9 6 T AL H AR X B 5 1 )
(98 /b B AT 5 3 4 F (SMID=-0.24;95% C1:-0.35,-0.13;
P<0.001) ; 5 F T a0 AH L, 89 58 F WA+ T0US BE 55
V) 7 4 25 9 2D (SMD=-0.26 5 95% C1:-0.39;-0.14; P<<0.001) .
SO M A R RN, & WSRO AR TR R TP (P=0.0%
P=0.47) . Egger 45 RAU Wow , &0 7 18] 6 W i K 3R A o
(P=0.45; 5,

F—H () SMD 95% CI  BE/%
Chen (2018)  —~|  -0.64(-1.29,0.00) 3.11
Smith (2014) = -0.31 (-0.52,-0.11) 29.88
Armstrong (2017)  —<L  -0.30(-0.69,0.09)  8.33
Silva (2015) —d -0.07(-0.40,027) 11.64
Fassnacht (2015) e 021(-035,0.78) 4.04
Dewar (2013) s -0.25(-0.46,-0.04) 29.67
Haines (2013) —<1  -030(-0.66,0.06) 10.02
Shapiro (2008) e 0.06(-0.56,0.68)  3.32
Bit(P=0, P=0474) ¢ -0.24 (-0.35, -0.13) 100.00

-2 -1 0 1 2

Faza xR
E5 BREFNUEASHRAMILESDERERERZIMEE
) Meta 5347
Figure 5. Meta-Analysis of Effects of Intervention vs Control on

Screen Time in Children and Adolescence
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Table 2 Subgroup Analyses of Effects of Intervention vs Control on Sedentary Behavior in Children and Adolescence
bii] HEY AR FE B RHF /R ARAEALT I £(95% CI) 45 R Ei s

Pt A7 B 5 9 0.041(-0.058,0.141),P=0.413 P=0,P=0.455
HAEAR SMS 5 0.008(-0.158,0.174),P=0.925 P=31.3%,P=0.201
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Table 3  Subgroup Analyses of Effects of Intervention vs Control on Screen-Time in Children and Adolescence
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