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2022) F9ust71 % vt (Doak et al., 2006; Jacob et al., 2021). &3t
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v BMIZF 1.7 (95% CI —2.95, —0.45) #4%EE 2371 Aok (Ho
et al., 2013) Z2iv AA&Fe] FFol o BMI 74 A= 448
2] ¢t} (Ho et al., 2013).
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Table 2. B]9% (%) AARA]

A5) x 100

b
N

BT (%) = (SAAT -4 F) +

Table 3. TS 7|5 W& Ak Mgtk

T HuE 7)&
A% ARk 20% < W= < 30%
TS % Ayt 30% < W= < 50%
AR > 50%

AR AFH SA4sts WHo = AAAZIASH I DEXA

gl A AHAFH = olFoyA] XA F5H (Dual energy X-—ray

ot AdES B4 WHeR A A2 AR 25
of FA ¢Far, AAY AL A7 sFo] Ao w £V

ujZof o] xfo]E o] g3ste] A ES EA ettt (Ward, 2019).



@ =4dx ZHAAPH (Dual energy X-ray absorptiometry,

DEXA)
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Table 4. Aol W& slgl=2 W& D)

A5 (M) | 7 | 3rd | 5th | 10th | 25th | 50th | 75th | 90th | 95th | 97th

12~13 | 708 | 56.5 | 57.8 | 59.6 | 63.4 | 68.7 | 77.2 | 85.2 | 88.8 | 92.2

13~14 | 72.4 | 58.4 | 59.7 | 61.5 | 64.8 | 70.0 | 78.5 | 87.1 | 92.0 | 94.5




14~15 | 739 | 60.0 | 61.4 | 63.0 | 66.5 | 71.4 | 79.9 | 89.5 | 93.7 | 97.0
15~16 | 750 | 62.0 | 63.0 | 64.6 | 68.0 | 72.7 | 80.6 | 89.7 | 93.9 | 98.3
16~17 759 | 63.8 | 65.0 | 66.5 | 69.6 | 74.1 | 80.7 | 88.4 | 93.4 | 96.0
17~18 77.0 | 64.6 | 65.4 | 67.0 | 70.2 | 75.1 | 82.3 | 90.0 | 94.5 | 97.0
RO B 20079 2ot AEEY BE oS
Table 5. Aol W& 3l Ez NEHF (o)

AF M) | B | 3rd 5th | 10th | 25th | 50th | 75th | 90th | 95th | 97th
12~13 | 66.9 | 54.8 | 56.0 | 58.0 | 61.3 | 65.7 | 71.4 | 77.3 | 81.7 | 84.4
13~14 67.4 | 6.2 | 57.2 | 59.0 | 62.1 | 66.2 | 71.5 | 77.8 | 81.5 | 83.9
14~15 | 8.2 | 56.7 | 58.0 | 59.6 | 63.4 | 67.2 | 72.4 | 78.5 | 82.1 | 84.6
15~16 69.2 | 58.0 | 59.0 | 61.0 | 64.0 | 68.2 | 73.3 | 78.8 | 82.5 | 85.3
16~17 | 700 | 59.1 | 60.5 | 62.1 | 65.3 | 69.2 | 74.0 | 79.0 | 82.4 | 84.7
17~18 70.2 | 9.2 | 60.7 | 62.2 | 65.0 | 69.4 | 74.2 | 79.9 | 83.0 | 85.4
MR O By 20074 LobdAdA g RE o&

@ WHtR
A= (cmE 7] (cm) & Ui oz, BEAZOZE 0.5 9
A A B8 vvtolgly Ak sttt (McCarthy & Ashwell,

2006)
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Aads ddez AAg vk oy zg 32 US, Australia,
Brazil, Netherlands, Republic of Korea 7z 5702 v}ebell A AA] 3k
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Table 6. A2\

R e

L2l 2l

713k

47

iStart Smart for Teens education program

UsS Chinese American 12 weeks Smartphone—based, online education, text message -
(He et al., 2021)
PA4E1 (Hollis et al., 2016) Australia Australia 19—24 months School curriculum, School environment -
peer and parents involved and diet education, physical activity,
H3G—Brazil (Leme et al., 2016) Brazil Brazilian girls 24 weeks A
behaviors
5 Risk behaviors targeted, classroom—based, individual part of
DOIT program (Singh et al., 2007) Netherlands Dutch 32 weeks the intervention, supportive material for the educational -
program, environmental part, behavior change methods used.
Taekwondo (Roh et al., 2020) Republic of Korea Korean 16 weeks Taekwondo training -
Jump rope (Sung et al., 2019) Republic of Korea Korean girls 12 weeks jump rope exercise program -

iA1= BMI A&7 &&=

FES

= J}\] o]_Oﬂ

CARTE frelmetA ke
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A7 W
AAA FA12E2 Preferred Reporting Items for Systematic
Review and Meta—Analyses (PRISMA) 9] A H & +4-3}3 ) (Page et
al., 2021). ¥ A& ¢ =% HE ZEZEZFS National Institute
for Health Reasearch® International prospective register of

systematic reviews (PROSPERO, CRD42022322930) o] 5= 9t}

1. X34 a7l @ 7€

W ooge] AR A4 71ES ofd L Ao 8 )E
PICO—-SD (Participants, Intervention, Comparison, Outcomes, Study
Design) o] wgtow 7]Ee) wat i =23 A9 =5 7 A4
Zlolth,

e A2 4 7]+ (PICO-SD)

-

1.1

He

1) A=} (Population or Participants)
Ao A= TF 1244 T 184 Afo]9] oo E 3ty =

A2dg ATodAE s,

2) =) v ul =7 772 (Intervention)

o AgelM s AAl FadEolA 48 Thed @Al 1
Ay 3E Qs Sl St Z)ek ek o Z gt

MgE Eeoae F4 #7o%  MPAYTh  oRehA

ot

‘School—based intervention’¥ ‘Web—based intervention or
Mobile—based intervention or Internet—based intervention’
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S 7192 HAASe] £ AFE HAAS T

3) Bl (Comparison or Control)
TA 22330l GIAY uE FAVE AAXEHE 15 vy

wow Ak

ol

4) A+ A3 (Outcome)

;

v A3E 9l 7]l Body Mass Index (BMI) =4 #

-

ot EASE ASE LT 472 APk

b

5 A5 AA #3 (Study Design)

A A §380 %= Randomized Controlled Trial (RCT) Y

1.2 ALld A9 7+

D A7 A 84 52 A5 39

2) TA WHol Tk, AxYE ZINE Al gk A

4) F@e Fol &3] 25, Ay TREZ, HuA, H, 9w

53 A 9 e vH S Cochrane A H-S #3189t (Higgins et



2.1 A2 g dolgHo] A
B EAMe 2022\d 5YRE 620 ofdl dlolg H|o]

2ol 4 A skgi ek,

B PubMed
B Embase

B Scopus

B SPORTDiscus

2.2 A8 Y A&

19844 20222 AM td Az A5l

2.3 A gof 4

AA 7199E=+  exercise, adolescents, school—based,
online—based or web—based or internet—based, RCTE 7|RFS
2 8fo] FoolE AAste] 29 e AAH(YIY, SHY) 7F A& )

o[l wlolxeA Azt HAS ety g dloly woj A



AME A Qs AuE FHI7 93 AHelA
Endnote (version 20, Clarivate corp., Philadelphia, PA, U.S.) 3

2O FEeeltt A =% T o5 =22 wA AAs

olHho] Y= AL EOE AH =F ¥3F JE = A3, I
A A3 AFAT} A o)e=sle] &4 Tt

3. 479 A AF

Ao el gt Frh= vl Fastth Ao Aol -7t Hle
g A7t AAR myE drid F SAPEA O A3 Frojn, o
e SHe A Bk (validity) 2t $hoh 979 B R WA EYEE
(internal validity) 9 22 B} % (external validity) 2 T-23t™, wE}
Aol A Aol A HI7P7L ofnfsks A2 e == dis) ol E

FEZ Grhst Zelth (5%, 2015). A W7 HE P o

i

o

!

Al 7FA 9} Zp B Ao M= B RCTHATTE ZEste] A9 AS
3 7}3}+= Cochrane collaboration risk of bias tool (CCRBT)E A4 3}

of A% Aoltt.
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g, F

1) Jadad scale

3.1 A #H7}

o oN N onrow | oW A o o T
4_1 TN oy B e Njo T % )
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o) T T 2 > T k= B
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3) Cochrane Collaboration Risk of Bias Tool (CCRBT; RoB2)

Cochrane %2 w1y cA] A4 (Sequence generation),
T2l WA e st 29, W, Incomplete outcome data,
Selective outcome reporting, Other potential threats to
validity 2 %3t H71sta ok 7 dEEE Yes’, ‘No’,
‘unclear’®  H7tsty  HI7kxb= 671 Y9EE yes, no,
unclearel st AlF-7]Ee) wep ddsial FrEsth Yes's=
high quality, ‘No’¥ low quality, ‘unclear’s AR 7} &8
3t A5 9w]dtt}. Low risk of bias: & 3F3d9] ‘yes’©]
31 no important concerns related to the last three
domains were identified = ¥ 3F™, moderate risk of bias
= 27 ©]&F¢] domain®l Al ‘unclear’ or ‘no’® H7}d A
2 739 High risk of biasye 370 ©]%+9] domainol A
‘unclear> or ‘no’E  H7tE A= FYsd

(Armijo-Olivo et al., 2012; Higgins et al., 2019).

4) The Effective Public Health Practice Project Tool (EPHPPT)
EPHPPTE= 745, A 1d745H v A3 74, oFE @&

7THA vheFe A% B A
=
T

Zb HolE=7E, weERg)elA ZHZE cstrong’, ‘moderate’,
‘weak’ FolA stuE FRET 874 WlF B § 47 o
A} fstrong’el™ ‘weak’ 7} 1S A-F ‘strong’l® FF3FA
t}. ‘strong’®] 47F w|wroli ‘weak’Z} 170 mwFd A-¢-

‘moderate’® FHHAOT 27) o9 ‘weak'7t A& A
1

2



‘weak’Z 73+ H(Thomas et al., 2004).
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D EFeFe] 9n

=7+ 5 (publication bias) 2] ARFAQl ov]= AFA}9] &
dolvt kel wel A7dart S3HAY E0EA Keke 2
FE u|stt. &, 09 A5 At B AT A3E
xa# £ w =3 F7F @A} (Rothstein et al.,
2006). HEFEA A &7 F= ‘small—study effects’@] o]
g 2Rl F 3 VMR K Zlo] gielth givksl ‘small—
study effects’®] Q1o =2 Z7FeF oo AT tARJAY A
e AT A =A7F 7] "otk (Duval & Tweedie,

2000; Rothstein et al., 2006).

2) e B4 #4A
Funnel plotg &3l WEREAA 22 A7)t a3 =719
HAE HolFe WHoR 3R 45 A + o
(Sterne & Egger, 2001). gytd o2 o] & AFE 1
o] ek X3l 7hed A e ExEo] Qith HE A7
7F AL A4tES e st fXsky A ow H
wxH ol St webA Funnel plotell A dlolE 9] @77} vt

H o #F A (symmetry) 8] E5S BHY Aotk (Sterne &

Harbord, 2004). ¥ oA+ Funnel plotS ©o]83F o &

A& B o7 5L Hlsgeh

2

»



3) Egger’s test
Egger’s test@ funnel plote] &3 =7] 327} vt A

o
AHgE = A A FEAolt), Egger’s regression testy ZF A

o] aar|et xFaket BAE AR Aty At
p—value7t A CE FolF Ayt vped, aia7]9 EF

o9l WA ok GRS 71zbekA Hol &3 A7)9)

)

EEode wAE BAHCR foud Bl Eduty @
.

4

5.7 BA =219

2 A4= R version 4.0.3 (R Foundation for Statistical

Computing, Vienna, Austria, 2020) = AF23}t}.
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=

= A8s nigeR dolguoladX FEE bl

B= o231 72l PubMed 40271, Embase 8071, Scopus 2,152

78, SPORTDiscus 1287), Registers 67§ & 2,762717} =% ]

th A5~ e 3L Figure 1o AAIsHATH

Ide ntification

Screening

Included

[ Identification of studies via databases and registers

Records identified from
Databases (n = 2,762)
PubMed: 402
Embase: 80
Scopus: 2,152
SPORTDiscus: 128
Registers (n = &)

k4

Records screenad
{n=2550)

T

Reports sought for retieval
(n=338)

¥

Reports assessed for eligibility
(n=337)

Studies included in review
{n=11)

Reports of included studies
{(n=11)

Figure 1. PRISMA Flow chart
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Records removed before screening:
Duplicate records removed (n =218)

Records excluded™
(n=2212)

Reparts not retrieved
(n=1)

Reports excluded:
Missing BMI or information needed to
calculate BMI (n = 108)
Consequence other than the expected
outcome, age group (n = 154)
Study protocol (n = 15)
different study designs (n = 31)
Missing follow-up data (n = 3)
Duplicate records removed again (n =2)
Not included physical activity program
(n=12)
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AF FolAe] vpol BT wi WAR ANFACH Folae] SHS ATl AAH WL IR PAH

TA7IZEE St EE 4572 Fatste] A7 AlAbe] HbgEkith ek ¥ 5% (volume of intervention)< T
3}

Table 7. A E A+ EA Ag

Country Main Finding
Author Study Sample size Participants Baseline BMI Country School—based
Design Income Level (BMI)
Arlinghaus et al. Mean age: 12.02
overall group:
(2019) (Arlinghaus et RCT 243 overweight & obesity United States High (0] -
27.03£4.95
al., 2019) Mexican—American
Bagherniya, M. et al. Age range: 12—16 years
TG:29.2£3.9
(2018) (Bagherniya et RCT 172 overweight & obesity Iran High 0 A
CG: 27.2+29
al., 2018) Only girls
Chen, J. L.,
Age range: 13—18 TG: 27.37£3.26
(2019) (Chen et al., RCT 36 United States High X -
overweight & obesity CG: 28.35+4.36
2019)
Johnston RCT 58 Mean age: 12.54 ILI: 27.7+5.0 United States High (6] -
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(2013) (Johnston et

al., 2013)

Killen, J. D.
(1989) (Killen et al.,
1989)

Leme, A. C. B.
(2016) (Leme et al.,

2016)

Leme, A. C. B.
(2018) (Leme et al.,
2018)

Ponnambalam, S.
(2022) (Ponnambalam et

al., 2022)

Roh, H. T
(2020) (Roh et al.,
2020)

Sung, K. D.
(2019) (Sung et al.,
2019)

A Cluster

RCT

A Cluster

RCT

A Cluster

RCT

RCT

RCT

RCT

1,130

140

20

40

overweight & obesity

Mexican—American

Age range: 14—-16

Mean age: 16.05

Only girls

Mean age: 15.6

Only girls

Age range: 11-14

Mean age: 12.55

Age range: 14—16

SH: 25.6+3.4

TG_B: 21.6£3.5
TG_G: 22.1+3.9
CG_B: 20.9%2.7
CG_G: 21.4£3.0

TG:22.811£0.34
CG: 21.48+0.36

TG: 22.43+£3.78
CG: 22.21£3.47

TG: 23.57+1.32
CG: 24.14%4.38

TG: 24.91+1.90
CG: 23.74%£1.43

TG: 26+3
CG: 25%2

United States

Brazil

Brazil

India

Republic of Korea

Republic of Korea

High

Upper—Middle

Upper—Middle

Lower—Middle

High

High
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Kim, Eun Sung, et al.

Mean age: 17£0.11

(2007) (Kim et al., RCT 26 overweight & obesity 29.50+£0.4 Republic of Korea High (0] -
2007) Only boys
o 2] hyA =
Table 8. A€ A9 AAZT 229 54 Fe
SEM
Volume of Intervention Main Finding
Author Daiem PA frequency PA type Tailored program (socio ecological
intervention Components (BMD
methods)
A: 1 day/wk A: 960 min
Arlinghaus et al. 0]
24 weeks B: 3 day/wk B: 2,880 min Combined PA + Nutrition Interpersonal -
(2019) (Individual)
C: 5 day/wk C: 4,800 min
Bagherniya, M. et al.
30 weeks 2 day/wk 5,400 min Aerobic Multiple X Community A
(2018)
Chen, J. L., - - (0]
12 weeks ) ) Not described Multiple Individual -
(2019) (54 =7}, Life) (54 =7}, Life) (Individual)
Johnston O
12 weeks 4 day/wk 2,400 min Aerobic PA + Nutrition Interpersonal -
(2013) (Cultural)
Killen, J. D. 7 weeks - 7,000 min Aerobic Multiple X Interpersonal -
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(1989) (54&7F, 8t
Leme, A. C. B. - O
24 weeks 4 day/wk ) Combined PA + Nutrition Interpersonal
(2016) (F4=7F ) (Cultural)
Leme, A. C. B. - - (0]
24 weeks . Combined PA + Nutrition Interpersonal
(2018) (54&7h st (57427 o) (Cultural)
Ponnambalam, S.
54 weeks 5 day/wk 16,200 min Combined PA X Community
(2022)
Roh, H. T
16 weeks 5 day/wk 4,800 min Aerobic PA X Individual
(2020)
Sung, K. D.
12 weeks 5 day/wk 3,000 min Aerobic PA X Individual
(2019)
Kim, Eun Sung, et al. 6
5 day/wk 1,200 min Aerobic PA X Individual
(2007) weeks
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et al., 2018; Leme et al., 2018; Leme et al., 2016; Sung et
al., 2019), FAES ddoz g A5 1/ (Kim et al,
2007), 1¥ar EACo® AT A= 57 (Arlinghaus et
al., 2019; Chen et al., 2019; Johnston et al., 2013, Killen et
al., 1989; Roh et al., 2020) & vtk vk 22 AAF o
s Vo ® FARE BHe A+ 67 (Arlinghaus et al.,
2019; Chen et al., 2019; Johnston et al., 2013; Kim et al.,
2007; Roh et al., 2020; Sung et al., 2019) ¢} AF& Fex}
o 7Fo® HEASA &2 A7 4/ (Killen et al., 1989;
Leme et al.,, 2018; Leme et al., 2016; Ponnambalam et al.,

2022) & vdoh

AN FE nde] LT3R wFo AABE Lz 130
54 AA, FU BRS £ Ak fAk AABE T2

Mo F o]FoAX AF+E= 67](Bagherniya et al., 2018;
Johnston et al., 2013; Killen et al., 1989; Kim et al., 2007;
Roh et al., 2020; Sung et al., 2019)°]H FAA4%} ZHI:F
S Agst 22 73 47 (Arlinghaus et al., 2019; Leme et
al., 2018; Leme et al., 2016; Ponnambalam et al., 2022) ©]
I 1708 A5+ (Chen et al,, 2019)+= ¥ AAdF FH=E 2

[oi3 o]

PA=A =l AwEA dsdktt =4, xR E7F 5 9l
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o}, F 13] "33t A= 17] (Arlinghaus et al., 2019), F
23] 72183t A% 171 (Bagherniya et al., 2018), &+ 33 A
A3 AT %= 170 (Arlinghaus et al., 2019)o|t}. F 43] % 3Y
3t A= 27] Johnston et al.,, 2013; Leme et al., 2018) 9]
m 5 53] 8% A+ 570 (Arlinghaus et al., 2019; Kim
et al., 2007; Ponnambalam et al., 2022; Roh et al., 2020;
Sung et al., 2019)o]th. AA, 7|7Ho = +7FT 5 Utk 167
olslz st A= 570 (Chen et al., 2019; Killen et al.,
1989; Kim et al., 2007; Roh et al., 2020; Sung et al., 2019)
olm 17F°lA 245 (cF @] et I A= 470
(Arlinghaus et al., 2019; Johnston et al., 2013; Leme et al.,
2018; Leme et al., 2016)°]aL 255 o] Mgst A& 27
(Bagherniya et al., 2018; Ponnambalam et al., 2022) ©|t}.
A, 484z #7578 F v AAgEE z2a9 74
QAE AFSAEEA QAR SRSt UrEls o 1A &
22T A" AdFE 470(Chen et al, 2019; Kim et al.,
2007; Roh et al., 2020; Sung et al., 2019), 7HJAZ 1 249}
tfelzel 247 FAE A4+ 57 (Arlinghaus et al., 2019;
Johnston et al.,, 2013; Killen et al.,, 1989; Leme et al,,

2018; Leme et al., 2016), 7fl-cQlst7d-HARAO]l Q@ A2 L
A= Jl= 27l(Bagherniya et al., 2018; Ponnambalam et al.,

2022)0|ct.

o AAA £ el 2g¢E 2o Aol AAEE
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9
ke
9_,('
(it
=
o

oo TR ot FAdEe BMIZE
Tt A7E UeEbdth(Arlinghaus et al., 20195 Chen et
al., 2019; Johnston et al., 2013; Killen et al., 1989; Kim et
al., 2007; Ponnambalam et al., 2022; Roh et al., 2020; Sung
et al,, 2019). Z28jy T2 FA £ 324 73] Ad
3709 AFeldE BMIZF HaskA ¢ A3E B3y
(Bagherniya et al., 2018; Leme et al., 2018; Leme et al.,

2016).

HEREA A SAIH SR et BMI Aa &9t vt
(Figure 2, —1.90, 95% CI —3.73 to —0.08). T3 A7k o] 4

e w& Aow et (1P=97%).
Aay B4 (Moderator Analyses)

e

AFAA 24 a5y w4 Adye FA7HAES] v 52 3
Az oy, T2 NE(FY 35, Z2IH] 74 24
of wet BMI 74 &3 Adg Bt Figure 3+ #olate]
of w2 gxolE wlwd Zojth vlu Ay HAF
=2 HRRRl FojxtEE A" d9t= BMIZF 1.47 (95% CI

7]

e

A

ol

395



—2.77 to —0.18) #ax+e A3E HQom ATl sl
2R A7kl 39 BMIZE 2.68 (95% CI —7.82 to 2.46)
HaHAR ZAXCE FonstA] &2 AyE KT
ZrIe SA F 2RI HNEe F 13, F 33 44
BMI7} 0.39 (95% CI —0.75 to —0.03), 0.99 (95% CI —1.37
to —0.61) FTAHEE 4345 etk (Figure 4).

29 PYeRE A AESE olge swow

Mr

i
S w) TRIW LA F JHe A (individual) 213
TA o] BMIZ 3.15 (95% CI —6.08 to —0.23) ZrAax= A3}
£ YelW Y (Figure 5).

1) =% A (Funnel plot)
Funnel plot®] &4 A3+ o} Figure 6°f Hole U=

7 A7 AHE FHOE ASAA Yt NHS FAT 7

.

32

2) Egger’s test

Funnel plot w443} 25 shdiof vt o] YElS .
whebA Bl tidt A% A S 7 Egger’s regression

test= &3 Bowden et al., 2015). Egger 5 (1997)
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ro

Zy Aol gy ariet mEexte] dAE Ao E A
W3tal T} Egger’s regression Aol 2 bias® p—
value7b BAIA 2 {23 (1=-3.61, df=13, p=0.003)<
o vk weEbd adar)el 2Fexkete] dAE vk
97} (bias=0; funnel plote thA) S 7|ZaA o] &I}
4718} ZFexe] #Ae SAIACE fFos AV A

& 4 gt
3) WA 24
w7k BA A3 Trim—and-Fill&  AFgsl7] A
(Q=493.60, df=14, p-value<0.0001)3} A}E ZF
(Q=988.73, df=19, p—value<0.0001) 2] =}o]7} YE}A]
4= ZE e 4 Qrh Trim—and-Fill& ©] 88 174
B Ay olg Figure 79 YeERT
gaA s A3 vdgEAel EATE AR e Trim—and—Fill&
23 vt BA Ay AA 5y 97178 WA 9= A4S 2l
A Ay e/ FEFHo] mnEA = GA A Ao JEFE =
AEE ofd Jlow AdHgl
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Figure 2. Forest plot of Included studies

Experimental
Study Total Mean
Chen, J.L. (2019) 21 -044 01700
Leme, A C.B.(2016) 111 133 0.0090
Sung, K. D. (2019) 20 -1.00 0.2000
Roh, H.T. (2020) 10 -1.32 1.3080
Kim, Eun Sung, etal (2007) 14 0.20 54300
Johnston (2013)_b 44 060 51950
Johnston (2013)_a 44020 47570
Arlinghaus (2019)_b 58 0.41 14300
Arlinghaus (2019) ¢ 63 019 1.8700
Arlinghaus (2019) a 59 04514100
Baghermiya, M. (2018) 87 -0.70 54600
Leme, A C.B.(2018) 142005 49110
Ponnambalam, S.(2022) 140 -0.74 17580
Killen, J. D. (1989)_b 277 020 52300
Killen, J. D. (1989)_a 345 010 48220
Random effects model 1435

Heterogenety: I* = 87%, t° = 12.8215, p < 0.01

m
140
4
267

1215

Control

8D Total Mean 8D

0.84 0.2300
-1.21 0.0090
1.00 0.5000
0.08 0.9950
1.40 5.7800
290 3.3290
0.30 3.2530
1.01 1.4200
1.01 1.4200
1.01 1.4200
0.40 3.8600
0.19 4.7860
0.34 44380
0.00 4.1430
0.40 3.6670

Standardised Mean
Difference SMD

s o 536

i 515
1145
021
049
002
099
a7
039
023
003

Figure 3. Results of moderator analysis (weight)

Experimental Control
Study Total Mean SD Total Mean SD
based = overweight or obesity
Bagherniya, M. (2018) 87 -1 5 85 0 4
Roh, H. T. (2020) 10 101 10 0 1
Sung, K. D. (2019) 20 -1 0 20 1 0
Johnston (2013)_a 44 0 5 2 0 3
Johnston (2013)_b 44 1.5 21 3 3
Arlinghaus (2019)_a 59 0 1 83 1 1
Arlinghaus (2019)_b 58 0 1 63 1 1
Arlinghaus (2019)_c 63 0 2 83 1 1
Kim, Eun Sung, etal (2007) 14 0 35 12 1 6
Chen, J. L (2019) 21 0 0 15 1 0
Random effects model 420 373
Heterogeneity: /7 = 92%, +° = 4.1894, p < 0.01
based = overall
Leme, A. C. B. (2016) 111 -1 0 83 1 0=
Leme, A. C. B. (2018) 142 0 5 1M 0 5
Ponnambalam, S. (2022) 140 -1 2 140 0 4
Killen, J. D. (1989)_a 345 0 5 267 0 4
Killen, J. D. (1989)_b 277 0 5 241 0 4
Random effects model 1015 842
Heterogeneity: I° = 99%, ©° = 34.2598, p < 0.01
Random effects model 1435 1215

Heterogeneity: I = 97%, < = 12,8215, p < 0.01

Test for subgroup differences: ):f =0.20, df = 1 (p = 0.66)
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Standardised Mean
Difference SMD

¥
023
115
= 515
0.02
0.49
039
099
072
0.21
= 6.36
147

003
012
007
004
—_— -2.68

-1.90

95%-Cl Weight

6.4%
6.5%
6.5%
6.6%
6.7%
6.7%
6.7%
6.7%
6.7%
6.7%
6.7%
6.7%
6.7%
6.7%
6.7%

[-3.73; -0.08] 100.0%

95%-Cl Weight

[-053; 0.07]
[-212; 019]
[-6.48; -381]
[-0.54; 0.50]
[-101; 0.04]
[-0.75; -0.03]
[-137. -061]
[-1.08; -0.36]
[-098. 057]
[-8.04; -467]
[-2.77; -0.18]

1328 [14.65,-11.92]

[-028. 022]
[-0.35; 0.12]
[-0.23; 0.09]
[-021; 0.13]
[-7.82; 2.46]

6.7%
6.6%
6.5%
6.7%
6.7%
6.7%
6.7%
6.7%
6.7%
6.4%
66.5%

6.5%
6.7%
6.7%
6.7%
6.7%
33.5%

[-3.73; -0.08] 100.0%



Figure 4. Results of moderator analysis (intervention frequency)

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
PA_freq = 2 diwk |

Baghemiya, M. (2018) 87 1 &5 85 0 4 023 [053; 007] 67%
PA_freq = 4 diwk

Leme, A C. B. (2016) 111 1 0 8 1 0= 1328 [1465, 1192] 65%
Johnston (2013)_a 44 0 5 21 0 3 -0.02 [-0.54; 0.50] 67%
Johnston (2013)_b 44 1 5 21 3 3 049 [-101; 004 67%
Random effects model 199 125 —— -4.58 [-13.07; 3.92] 19.9%

Heterogeneity: I = 99%, 2= 56.1380, p = 0.01

PA_freq = None

Leme, A. C. B. (2018) 142 0 5 111 0 5 003 [-028 022] 67%
Killen, J. D. (1989)_a 345 0 5 267 0 4 007 [023 009 67%
Killen, J. D. (1989) b 277 0 5 24 0o 4 -0.04 [-021; 013] 67%
Chen, J. L. (2019) 21 0 0 15 1 0 - -6.36 [-8.04; -467] 6.4%
Random effects model 785 634 — -1.53 [-4.50; 1.44] 26.6%
Heterogeneity: 1° = 94%, t* = 9.0047, p < 0.01

PA_freq =5 diwk

Ponnambalam, S_ (2022) 140 1 2 140 0 4 012 [035 012] 67%
Roh, H. T. (2020) 10 101 10 o 1 -1.15 [-212; -019] 66%
Sung, K. D. (2019) 20 -1 0 20 1.0 = 515 [-648; -381] 65%
Arlinghaus (2019)_c 63 0 2 63 11 -0.72 [-1.08; -0.36] 67%
Kim, Eun Sung, et al. (2007) 14 0D 5 12 1 6 021 [-098 057] 67%
Random effects model 247 245 -1.40 [-3.16; 0.35] 33.3%
Heterogeneity” 1* = 93%, t* = 3.8232, p < 0.01

PA_freq =1 diwk

Arlinghaus (2019)_a 59 0 1 63 11 -0.39 [-0.75 -0.03] 67%

PA_freq = 3 diwk ‘
Arlinghaus (2019)_b 58 0 1 63 11 -0.99 [-1.37; 061 67%

Random effeczts model2 1435 1215 2‘: -1.90 [-3.73; -0.08] 100.0%

Heterogeneity: I~ = 97%, 1" = 122821 5, p =001
Test for subgroup differences: 3, = 12.24, df = 5 (p = 0.03) -10 -5 0 5 10

Figure 5. Results of moderator analysis (intervention components)

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
ecological =4 |
Bagherniya, M. (2018) 87 -1 5 85 0 4 : -023 [-053, 007] 6.7%
Ponnambalam, S. (2022) 140 -1 2 140 0 4 -0.12 [-0.35; 0.12] 6.7%
Random effects model 227 225 -0.16 [-0.35; 0.02] 13.5%
Heterogeneity: 2= 0%, = 0,p=056
ecological =2
Leme, A. C. B. (2016) 111 -1 0 83 -1 0= -13.28 [-14.85,-11.92] 6.5%
Leme, A. C. B. {2018) 142 0 5 1M 0 5 003 [-028, 022] 6.7%
Johnston (2013)_a 44 05 21 0 3 002 [-054; 050] 67%
Johnston {(2013)_b 44 1 5 21 3 3 -049 [-1.01; 004 67%
Killen, J. D. (1989)_a 345 0 5 267 0 4 007 [-023; 009] 6.7%
Killen, J. D. (1989)_b 277 0 5 241 0 4 004 [-021; 0.13] 67%
Arlinghaus (2019)_a 59 0 1 83 11 -0.39 [-0.75, -003] 6.7%
Arlinghaus (2019)_b 58 0 1 63 1 1 -099 [-1.37;, -061 67%
Arlinghaus (2019)_c 63 0 2 63 1 1 ; 072 [-108; -036] 67%
Random effects model 1143 933 = -1.75 [-452; 1.02] 60.3%
Heterogeneity: 1° = 98%, 1° = 17.9300, p < 0.01
ecological =1
Roh, H. T. (2020) 10 101 10 0 1 -1.15 [-2.12; -0.19] 66%
Sung, K. D. {2019) 20 -1 0 20 1 0 - 515 [-648; -381] 6.5%
Kim, Eun Sung, et al (2007) 14 0 5 12 1 6 021 [098, 057] 67%
Chen, J. L. (2019) 21 0 0 15 1 0 - -6.36 [-8.04, -467] 64%
Random effects model 65 57 == -3.15 [-6.08; -0.23] 26.2%
Heterogeneity: I~ = 96%, T = 8.5135, p < 0.01
Random effects model 1435 1215 == -1.90 [-3.73; -0.08] 100.0%
Heterogeneity: 1% = 97%, ©° = 12.8215, p < 0.01
Test for subgroup differences: xi =524, df =2 (p = 0.07) 10 50 5 10



Figure 6. Funnel plot
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Appendix A: Electronic search strategies by Database

Inclusion criteria (PICO—SD)

B Participant: Adolescents

B Intervention: Prevention obesity program

B Comparison: None or other intervention

B Outcome: BMI

B Study Design: RCT

tlo] g Ho] &
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PubMed

(("exercise"[MeSH Terms] OR ‘'"exercise"[All
Fields] OR  ("physical"[All  Fields] AND
"activity"[All Fields]) OR "physical activity"[All
Fields] OR ("exercise"[MeSH Terms] OR
"exercise"[All Fields] OR ("physical"[All Fields]
AND "activities"[All Fields]) OR "physical
activities"[All Fields]) OR ("exercise"[MeSH
Terms] OR  '"exercise"[All  Fields] OR
"exercises" [All Fields] OR "exercise
therapy"[MeSH Terms] OR ("exercise"[All
Fields] AND "therapy"[All Fields]) OR "exercise
therapy"[All Fields] OR "exercise s"[All Fields]
OR ‘'"exercised"[All Fields] OR ‘"exerciser"[All

Fields] OR '"exercisers"[All Fields] OR
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"exercising"[All Fields]) OR ("exercise"[MeSH
Terms]  OR  '"exercise"[All  Fields] OR
"exercises"[All Fields] OR "exercise
therapy"[MeSH Terms] OR ("exercise"[All
Fields] AND "therapy"[All Fields]) OR "exercise
therapy"[All Fields] OR "exercise s"[All Fields]
OR '"exercised"[All Fields] OR '"exerciser"[All
Fields] OR  ‘'exercisers"[All Fields] OR
"exercising"[All Fields]) OR ("activable"[All
Fields] OR  '"activate"[All  Fields] OR
"activated"[All Fields] OR "activates"[All Fields]
OR '"activating"[All Fields] OR "activation"[All
Fields] =~ OR  "activations"[All ~ Fields] OR
"activator"[All Fields] OR ‘"activator s"[All
Fields] = OR  "activators"[All  Fields] @ OR
"active"[All Fields] OR "actived"[All Fields] OR
"actively"[All Fields] OR "actives"[All Fields] OR
"activities"[All Fields] OR "activity s"[All Fields]
OR  '"activitys"[All  Fields] OR  "motor
activity" [MeSH Terms] OR ("motor"[All Fields]
AND "activity"[All  Fields]) OR  "motor
activity" [All Fields] OR "activity"[All Fields]) OR
("activable"[All Fields] OR "activate"[All Fields]
OR '"activated"[All Fields] OR "activates"[All

Fields] OR  "activating"[All  Fields] OR
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"activation"[All Fields] OR "activations"[All
Fields] OR "activator"[All Fields] OR "activator
s"[All Fields] OR "activators"[All Fields] OR
"active"[All Fields] OR "actived"[All Fields] OR
"actively" [All Fields] OR "actives"[All Fields] OR
"activities" [All Fields] OR "activity s"[All Fields]
OR "activitys" [All Fields] OR "motor
activity" [MeSH Terms] OR ("motor"[All Fields]
AND "activity"[All  Fields]) OR  "motor
activity"[All Fields] OR "activity"[All Fields]) OR
("physical education and training" [MeSH Terms]
OR ("physical"[All Fields] AND "education"[All
Fields] AND "training"[All Fields]) OR "physical
education  and  training"[All  Fields] = OR
("physical"[All Fields] AND "education"[All
Fields]) OR "physical education"[All Fields]) OR
("movement"[MeSH Terms] OR "movement"[All
Fields] OR "movements"[All Fields] OR
"movement s"[All Fields]) OR
("movement"[MeSH Terms] OR "movement"[All
Fields] OR "movements"[All Fields] OR
"movement s"[All Fields]) OR (("fitness"[All
Fields] OR 'fitnesses"[All Fields]) AND
("activable"[All Fields] OR "activate"[All Fields]

OR "activated"[All Fields] OR '"activates"[All
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Fields] OR  "activating"[All  Fields] OR
"activation"[All Fields] OR "activations"[All
Fields] OR "activator"[All Fields] OR "activator
s"[All Fields] OR "activators"[All Fields] OR
"active"[All Fields] OR "actived"[All Fields] OR
"actively" [All Fields] OR "actives"[All Fields] OR
"activities"[All Fields] OR "activity s"[All Fields]
OR "activitys"[All Fields] OR "motor
activity" [MeSH Terms] OR ("motor"[All Fields]
AND "activity"[All  Fields]) OR "motor
activity"[All Fields] OR "activity"[All Fields]))
OR (("fitness"[All Fields] OR '"fitnesses"[All
Fields]) AND  ("activable"[All Fields] OR
"activate"[All Fields] OR "activated"[All Fields]
OR '"activates"[All Fields] OR "activating"[All
Fields] =~ OR  "activation"[All ~ Fields] = OR
"activations"[All  Fields] OR "activator"[All
Fields] OR ‘"activator s"[All Fields] OR
"activators"[All Fields] OR "active"[All Fields]
OR "actived"[All Fields] OR "actively"[All Fields]
OR '"actives"[All Fields] OR 'activities"[All
Fields] OR ‘"activity s"[All Fields] OR
"activitys"[All Fields] OR "motor activity" [MeSH
Terms] OR  ("motor"[All  Fields]  AND

"activity"[All Fields]) OR "motor activity"[All

57




Fields] OR '"activity"[All Fields])) OR ("sport
s"[All Fields] OR "sports"[MeSH Terms] OR
"sports"[All Fields] OR "sport"[All Fields] OR
"sporting" [All Fields]) OR ("sport s"[All Fields]
OR ‘"sports"[MeSH Terms] OR ‘"sports"[All
Fields] OR "sport"[All Fields] OR "sporting"[All
Fields])) AND 2015/01/01:2022/12/31[Date -
Publication] AND (((("educational status"[MeSH
Terms] OR ("educational"[All Fields] AND
"status"[All Fields]) OR "educational status"[All
Fields] OR "schooling"[All  Fields] OR
"education"[MeSH Terms] OR "education"[All
Fields] OR  "school s"[All Fields] OR
"schooled"[All  Fields] OR "schools"[MeSH
Terms] OR "schools"[All Fields] OR "school"[All
Fields])  AND  ("based"[All  Fields] OR
"basing"[All Fields])) OR "school—based"[All
Fields] OR ‘"online—based"[All Fields] OR
"internet—based"[All  Fields] OR  "web-—
based"[All Fields] OR ("telemedicine"[MeSH
Terms] OR "telemedicine"[All Fields] OR
"ehealth"[All Fields]) OR ("mhealth s"[All
Fields] OR ‘"telemedicine"[MeSH Terms] OR
"telemedicine"[All Fields] OR "mhealth"[All

Fields]) OR ("telemedicine"[MeSH Terms] OR
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"telemedicine"[All  Fields] OR  ("mobile"[All
Fields] AND "health"[All Fields]) OR "mobile
health" [All Fields])) AND
2015/01/01:2022/12/31[Date —  Publication])
AND  (("RCT"[All  Fields] OR  (("random
allocation"[MeSH Terms] OR ("random"[All
Fields] AND "allocation"[All Fields]) OR "random
allocation"[All Fields] OR "random"[All Fields]
OR "randomization" [All Fields] OR
"randomized" [All Fields] OR "randomisation"[All
Fields] OR ‘'randomisations"[All Fields] OR
"randomise"[All Fields] OR ‘'randomised"[All
Fields] OR ‘'randomising"[All Fields] OR
"randomizations" [All Fields] OR "randomize"[All
Fields] OR '"randomizes"[All ~Fields] OR
"randomizing"[All Fields] OR '"randomness"[All
Fields] OR ‘'randoms"[All Fields]) AND
("controling"[All Fields] OR "controllability"[All
Fields] OR ‘'controllable"[All Fields] OR
"controllably"[All Fields] OR ‘"controller"[All
Fields] OR ‘'controller s"[All Fields] OR
"controllers"[All Fields] OR "controlling" [All
Fields] OR "controls"[All Fields] OR "prevention
and control" [MeSH Subheading] OR

("prevention"[All Fields] AND "control"[All
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Fields]) OR "prevention and control"[All Fields]
OR  "control"[All  Fields] OR  "control
groups" [MeSH Terms] OR ("control"[All Fields]
AND  ‘"groups"[All Fields]) OR '"control
groups"[All Fields]) AND ("clinical trials as
topic"[MeSH Terms] OR ("clinical"[All Fields]
AND "trials"[All Fields] AND "topic"[All Fields])
OR ‘"clinical trials as topic"[All Fields] OR
"trial"[All Fields] OR "trial s"[All Fields] OR
"trialed" [All Fields] OR "trialing"[All Fields] OR
"trials"[All Fields])) OR ("allocate"[All Fields]
OR "allocated"[All Fields] OR "allocates"[All
Fields] = OR  "allocating"[All  Fields] = OR
"allocation"[All Fields] OR "allocational"[All
Fields] =~ OR  '"allocations"[All ~ Fields] OR
"allocative" [All Fields] OR "allocator"[All Fields]
OR "allocators"[All Fields]) OR "RCT"[All
Fields]) AND 2015/01/01:2022/12/31 [Date —
Publication]) AND (("adolescences"[All Fields]
OR "adolescency" [All Fields] OR
"adolescent"[MeSH Terms] OR "adolescent"[All
Fields] OR ‘"adolescence"[All Fields] OR
"adolescents"[All Fields] OR "adolescent s"[All
Fields] OR ("adolescences"[All Fields] OR

"adolescency" [All Fields] OR "adolescent" [MeSH

60




Terms] OR  "adolescent"[All Fields] OR
"adolescence"[All Fields] OR "adolescents"[All
Fields] OR T"adolescent s"[All Fields]) OR
("adolescent"[MeSH Terms] OR "adolescent"[All
Fields] OR "youth"[All Fields] OR "youths"[All
Fields] OR '"youth s"[All Fields]) OR
("adolescent"[MeSH Terms] OR "adolescent"[All
Fields] OR "teenage" [All Fields] OR
"teenager" [All Fields] OR "teenagers"[All Fields]
OR "teenaged"[All Fields] OR "teenager s"[All
Fields] OR  "teenages"[All Fields]) OR
("adolescent"[MeSH Terms] OR "adolescent" [All
Fields] OR "teen"[All Fields]) OR ("juvenile"[All
Fields] OR ‘"juvenile s"[All Fields] OR
"juveniles"[All  Fields] OR  "juvenility"[All
Fields])) AND 1984/01/01:2022/12/31 [Date —
Publication])) AND (1984:2022[pdat])

Embase

SourcesEmbase, MEDLINE, Preprints

Query ('adolescent'/exp ~ OR  adolescent OR
'juvenile'/exp OR juvenile OR 'adolescence'/exp
OR adolescence) AND ('school based' OR 'web
based' OR 'online based' OR 'mobile based' OR
'internet based') AND ('physical activity'/exp OR
'physical activity' OR 'exercise'/exp OR exercise

OR 'physical education'/exp OR 'physical
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education' OR 'fitness'/exp OR fitness OR 'daily
life activity'/exp OR 'daily life activity' OR
'sport'/exp OR sport OR 'training'/exp OR
training) AND ('randomized controlled trial'/exp
OR  [randomized controlled triall/lim OR
'controlled clinical trial'/de OR 'multicenter
study'/exp OR 'randomization'/exp OR 'random
allocat*':ab,ti,kw OR randomized:ab,ti,kw OR
randomised:ab,tikw  OR  'controlled clinical
trial=':ab,ti,kw OR 'controlled trial*":ab,ti,kw OR
placebo*:ab,ti,kw OR randomly*:ab,tikw OR
(((double* OR singlex OR treb* OR tripl*)
NEAR/3 (blind* OR mask#*)):ab,tikw)) NOT
([conference abstract]/lim OR [conference
paper]/lim OR [conference review]/lim OR [data
papers]/lim OR [editoriall/lim OR [erratum]/lim
OR [letter]/lim OR [note]/lim OR [review]/lim)
AND  [2015-2022]/py AND  (('randomized
controlled trial'/exp OR [randomized controlled
triall/lim  OR 'controlled clinical trial'/de OR
'multicenter study'/exp OR 'randomization'/exp
OR ( Random—Allocat* OR randomized OR
randomised OR controlled—clinical—trial* OR
controlled—trial* OR placebo* OR

randomly*) :ab,ti,kw OR ((Double* OR single* OR

6 2




treb* OR  tripl¥) NEAR/3  (Blind* OR
mask#*)) ‘ab,ti,kw) NOT ([conference
abstract]/lim OR [conference paper]/lim OR
[conference review]/lim OR [data papers]/lim OR
[editorial]l/lim OR [erratum]/lim OR [letter]/lim

OR [notel]/lim OR [review]/lim))

Scopus

( ALL ( "physical—activity" OR "exercise" OR
"activity" OR "physical—education" OR "fitness"
OR "sport" ) AND ALL ( "adolescent" OR "youth"
OR "juvenile" OR "teen" ) AND ALL ( "school—
based" OR "online—based" OR "web—based" OR
"online—based" OR "mobile—based" ) AND ALL
( "RCT" OR "allocation" OR "randomized control
trial" ) ) AND PUBYEAR > 1984 AND PUBYEAR
<2023

SPORTDiscus

TX ( physical activity or physical activities or
exercise or exercises or activity or activities or
physical education or movements or fitness
activity or sports ) AND TX ( adolescents or
youth or teenagers or teens or juvenile ) AND
AB ( school—based or school based or online—
based or internet—based or web—based or
eHealth or mHealth or mobile health ) AND TX
( rct or randomized control trial or randomized

controlled trial )
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Appendix C: Moderate analysis (other results)

C1. Physical activity components

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl1 Weight
components = multiple |
Bagherniya, M_(2018) 87 -1 5 85 0o 4 -023 [-053; 007] 6 7%
Killen, J D (1989)_a 345 0 5 267 0o 4 -007 [-023; 009] 6 7%
Killen, J. D. (1989)_b 277 -0 5 24 o 4 -0.04 [-0.21; 0.13] 6.7%
Chen, J. L. (2019) 21 -0 0 15 1 0 - -5.36 [-8.04; -467] 6.4%
Random effects model_ 730 608 == -1.58 [-4.52; 1.35] 26.6%
Heterogeneity: /1~ = 94%, t~ = 8.8014, p < 0.01
components = pa+nu
Leme, A. C. B. (2016) 111 -1 0 83 -1 0 — -13.28 [-14.65; -11.92] 6.5%
Leme, A. C. B. (2018) 142 0o 5 111 0 5 -0.03 [-0.28; 0.22] 6.7%
Johnston (2013)_a 44 0 5 21 o 3 -0.02 [-0.54; 0.50] 6.7%
Johnston (2013)_b 44 1 5 21 3 3 -0.49 [-1.01, 0.04] B8.7%
Arlinghaus (2019)_a 59 o 1 63 1 1 -0.39 [-0.75; -0.03] B8.7%
Arlinghaus (2019)_b 58 -0 1 63 1 1 -099 [-1.37; -061] 6 7%
Arlinghaus (2019)_c 63 -0 2 63 1 1 -072 [-1.08; -036(] 6 7%
Random effects model 521 425 — -2.24 [-5.80; 1.31] 46.9%
Heterogeneity: /7 = 98%, t° = 22.9408, p < 0.01
components = only pa
Ponnambalam, S. (2022) 140 -1 2 140 -0 4 -012 [-0.35, 012] 6.7%
Roh, H. T. (2020) 10 -1 1 10 o 1 -1.15 [-2.12; -0.19] 5.6%
Sung, K. D. (2019) 20 -1 0 20 1 0 - -5.15 [-6.48; -3.81] 6.5%
Kim, Eun Sung, et al. (2007) 14 0 5 12 1 6 -0.21 [-0.98; 0.57] 6.7%
Random effects model_ 184 182 == -1.60 [-3.86; 0.67] 26.5%
Heterogeneity: /- = 95%, v~ = 51302, p < 0.01
Random effects model 1435 1215 = -1.90 [-3.73; -0.08] 100.0%
Heterogeneity: 12 = 97%, t° = 12.8215, p < 0.01 ' ' I !
Test for subgroup differences: ){i =010, df = 2 (p = 0.95) 10 -5 0 5 10
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C2. Duration

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
duration2 = 25-36wk o
Bagherniya, M. (2018) 87 -1 5 85 0 4 ] + -023 [-053;, 007] 6.7%
Ponnambalam, S. (2022) 140 -1 2 140 -0 4 -012 [-035, 012] 6.7%
Random effects model 227 225 -0.16 [-0.35; 0.02] 13.5%

Heterogeneity: ?= 0%, %= 0, p =056

duration2 = 17-24wk :
- -13.28 [[14.65;-11.92

Leme, A. C. B. (2016) 111 1 0 83 1 0 1 65%
Leme, A. C.B. (2018) 142 0 5 111 0 5 -003 [-028; 022] 67%
Johnston (2013)_a 44 0 5 21 0 3 002 [-054; 050] 67%
Johnston (2013)_b 44 1 5 21 3 3 049 [-101; 004] 67%
Arlinghaus (2019)_a 59 0 1 63 1 1 039 [-075 -003] 67%
Arlinghaus (2019)_b 58 -0 1 63 1 1 -099 [-137; -061] 67%
Arlinghaus (2019)_c 63 0 2 63 1 1 : 072 [-1.08, -0.36] 6.7%
Random effects model_ 521 425 —T -2.24 [-5.80; 1.31] 46.9%
Heterogeneity: I~ = 98%, 1~ = 22.9408, p < 0.01 5

duration2 = under 16wk

Roh, H. T. (2020) 10 1 1 10 0 1 115 [-212; -0.19] 66%
Sung, K. D. (2019) 20 -1 0 20 1 0 - 515 [648; -381] 65%
Killen, J. D. (1989)_a 345 0 5 267 0 4 007 [-023; 009] 67%
Killen, J. D. (1989)_b 277 -0 5 241 0 4 -004 [-021; 013] 67%
Kim, Eun Sung, et al. (2007) 14 0 5 12 1 6 021 [-098 057] 67%
Chen, J. L. (2019) 21 0 0 15 1 0 - £36 [-804; -467] 64%
Random effects model 687 565 = -2.08 [-4.30; 0.14] 39.7%
Heterogeneity: /1 = 96%, t° = 7.4113, p < 0.01

Random effects model 1435 1215 == -1.90 [-3.73; -0.08] 100.0%
Heterogeneity: 12 = 97%, t° = 12.8215, p < 0.01 ' ' ' !

Test for subgroup differences: 1; =416, df=2(p =0.13) -10 -5 0 5 10
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C3. Tailored Program

Experimental Control
Study Total Mean SD Total Mean SD
tailored = no
Bagherniya, M. (2018} 87 -1 5 85 0 4
Ponnambalam, 5. (2022) 140 -1 2 140 0o 4
Roh, H. T_ (2020} 10 -1 1 10 0o 1
Sung, K. D (2019) 20 -1 0 20 1 0
Killen, J. D. {1989)_a 345 0 5 267 0 4
Killen, J. D. {1989)_b 277 -0 5 241 0 4
Kim, Eun Sung, et al. (2007) 14 0O 5 12 1 6
Random effects model 893 775
Heterogeneity: 1 = 80%, v = 2.8299, p < 0.01
tailored = cultural
Leme, A . C.B.(2016) 111 -1 0 83 1 0
Leme, A. C.B.(2018) 142 0 5 111 0 5
Johnston (2013)_a 44 0 5 21 o 3
Johnston (2013)_b 44 1 5 21 3 3
Random effects model 341 236
Heterogeneity: [* = 89%, v = 42 3717, p < 0.01
tailored = individual
Arlinghaus {(2019)_a 59 o 1 63 1 1
Arlinghaus {(2019)_b 58 -0 1 63 1 1
Arlinghaus (2019)_c 63 -0 2 63 1 1
Chen, J. L. (2019) 21 0 0 15 1 0
Random effects model_ 201 204
Heterogeneity: I~ = 94%, t° =7.1194, p < 0.01
Random effects model 1435 1215

Heterogeneity: I° = 87%, t° = 12.8215, p < 0.01
Test for subgroup differences: )gi =1.02, df = 2 (p = 0.60)
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Standardised Mean

Difference

-13.28
-0.03
-0.02
-0.49
-3.43

95%-Cl Weight

0.07] B6.7%
0.12] 6.7%
-0.19] 6.6%
-3.81] 6.5%
0.09] B6.7%
0.13] 6.7%
0.57] 6.7%
0.36] 46.8%

[[14.65;-11.92] 6.5%

[-0.28;
[-0.54;
[-1.01;

[-9.82;

[
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[-3.73;

0.22] B6.7%
0.50] 6.7%
0.04] 6.7%
2.96] 26.7%

-0.03] 6.7%
-0.61] 6.7%
-0.36] 6.7%
-4.67] 6.4%
0.63] 26.6%

-0.08] 100.0%



Abstract
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A ™ Jiyeon Yoon

3 9 AE

The Graduate School of Physical Education
Seoul National University

Sport Science

Objectives: The purpose of this study is to determine whether
obesity prevention programs for adolescents affect obesity
indicators and to find out which mediating factors of obesity

prevention programs affect obesity indicators.

Method: Two researchers selected five search terms (execution,
youth, school—based, online or web—based, or Internet—based,
RCT) and used four search engines (Pubed, Embase, Scopus, SPC)
to examine the effects of physical activity programs on adolescent
obesity and related systematic literature. The systematic literature
review followed the guidelines of the Preferred Reporting Items
(PRISMA) guidelines for systematic review and meta—analysis.
The paper review protocol for this study was registered in the
National Institute of Health's Systematic Review International
Prospects Register (PROSPERO, CRD42022322930). In this study,
meta—analysis was performed after coding the effect size using the
pre—post BMI average difference between the two groups, the
integrated standard deviation of the pre—post difference, and the

number of participants in each group. In this study, R version 4.0.3
1



(R Foundation for Statistical Computing, Vienna, Austria, 2020) was

used for meta—analysis.

Results: A total of 2,762 studies were extracted from the database
based on the exact keyword search, and 11 studies were included in
the systematic literature review and meta—analysis according to
PRISMA Flow chart. When classifying the studies according to the
characteristics of the participants, there are four studies on female
students according to the gender of the participants, one study on
male students, and five studies conducted in a hybrid manner. It is
divided into six studies that recruited participants based on obesity
or overweight and four studies that did not recruit weight based on
participants. The characteristics of the physical activity program
can be divided into form (6 aerobic physical activities, 4 aerobic and
muscular exercise combinations, 1 unknown), frequency (1/wk: 1,
2/wk: 1, 3/wk: 1, 4/wk: 2, 5/wk: 5), duration (under 16 weeks: 5 ,
over 17—24 weeks: 4, and over 25 weeks: 2). Most of the studies
included in this systematic literature review showed a decrease in
BMI among adolescents who participated in obesity prevention
programs that included physical activity. However, three studies
with long program intervention or tracking periods did not show a
decrease in BMI. As a result of the meta—analysis, it was found that
the effect of reducing BMI was statistically significant (—1.90, 95%
CI—3.73~—0.08) and the heterogeneity between studies was high
(I12=97%). As a result of the validity verification, it was confirmed
that asymmetry existed, and because of the analysis, the influence
of the error was not insignificant, but it was judged that it did not

affect the overall result.



Conclusion: This study analyzed the difference between the overall
effect and the effect of reducing obesity indicators by synthesizing
the study of obesity prevention programs involving physical
activities conducted on adolescents. In this study, it was confirmed
that the physical activity program significantly reduced the BMI of
adolescents, and the frequency of the physical activity program
played a major factor. Therefore, the analysis contents of this study
will be used as important basic data when operating and organizing

obesity prevention programs at school sites.

Keywords : adolescents, exercise, obesity, systematic review,
meta—analysis
Student Number : 2021—-25372
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