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PURPOSE This systematic review and meta-analysis aimed to assess the effectiveness
of exercise programs in improving physical fitness among middle-aged adults in
Korea. METHODS A literature search was conducted using KCl-registered databases
on DBpia, RISS, and KISS up to September 21, 2023. The review followed the PICO-
SD framework (population: middle-aged adults; intervention: exercise program;
comparison: did not participate in exercise program; outcome: physical fitness; study
design: randomized controlled trials). Two researchers independently evaluated
bias using the Cochrane Risk of Bias tool for randomized trials (RoB 2). The data
was synthesized using the CMA 3.0 program, applying a random effects model
to estimate the overall effect size using Hedges'g. RESULTS Out of 914 screened
documents, 15 studies were selected, comprising 405 participants. The overall effect
size for improving physical fitness was significant (g=0.994, 95% C/: 0.712-1.276).
Sub-analysis indicated significant improvements in various components, including
muscle strength (g=1.295, 95% Cl: 0.909-1.682), muscular endurance (g=0.972,
95% CI: 0.637-1.308), cardiorespiratory endurance (g=1.092, 95% C/: 0.453-1.731),
flexibility (g=0.883, 95% CI: 0.555-1.210), muscle power (g=1.421, 95% CI: 0.656—
2.186), and agility (g=1.854, 95% CI: 0.347-3.361) compared to the control group. An
additional analysis focusing solely on women revealed a slight increase in effect size,
although the order of effect sizes remained consistent across fitness components.
CONCLUSIONS This meta-analysis confirms the effectiveness of exercise programs
in enhancing physical fitness in middle-aged adults. The systematic review also
highlights key considerations for designing exercise programs for this demographic.
Future studies should aim to minimize bias and enhance the quality of reporting to
ensure more robust results.
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A= A5h7]&9] UE =R Hesh S-S ofal YA, 4] A
go] F71eo) wet AAE s £ o] wE d¥el S A
314 BAZ 551 Jdck(World Health Organization [WHOI,
2022). AAEE F52 v, A@HAEe, wade 5 qA
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HAZAGO] 0| 7HsAdS Eo]i(American College of Sports
Medicine [ACSMI, 2000), 25539 Ast, |44 T4, 437
Z+o] Aot, vy W29 AAFS 7M1= QRlo] Hrk(Flegg,
1994; Gauchard et al., 2003; Ko, 2010). AAZ5 £ 7121
A7) EAY BrE ofy gt A2 A A EA0] 7| = shrt. WHOOl A
dHegst 202249 AAES AlA @3 R A(Global status report
on physical activity 2022)°]l w2 20204 {4 20304 Aol
oF 59] o] AlgEo] AASE &0 Qg Bl AH /g AS o 48
ZlolH, o] & QIsf| Azt 270 g9 H|-go] &84 Aoty Bl
SFHWHO, 2023).
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e A 75 9 271658 7HAstal(Powers et al.,
2014), T3] FHES YEtHKelley & Kelley, 2006). #
9k ofet AEg EQtat 92 MAste 59 FAARSHE
20| ¥& o]Fe] AtkPenedo & Dahn, 2005). W&o WHO
= 2018-2030 4AlAIE-5ol 3t 22 Ay AE(Global Action
Plan on Physical Activity, GAPPA)S 93t AA&E = 5+
F2 Aach] 93t =8 7]&ol1 Stk BAER R} g7
i =QlS 913t AAZE A™AE dTtsta, o8
52 dFY) 150~3008 E= 1T

FYof| 75~150%, &+ 52 IFY 24
olidslH ot F1F gtolSl= AlZE H At AL disty Ut
(Ministry of Health and Welfare & Korea Health Promotion
Institute, 2023).
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99 A A5 BEE5T2 FF 7S @ A4 =
715 Al 523kt Li et al.(2020)9] A= AP ISE A
2 AALS, AFHe, Hoj2d 5 AT AEHTE FA0= H
o] 2% k2 Hauoh Aol By 9.19 AAH AL g
15ttt Sung et al.(2022)2 AlF $50] E27F BMIZ}F A
e, SEEYVE BF RA YEhd AlgE 42 vint deE Bgt
2747 9383 #-ol vk A& AlARETE. #49F ofy gt S.
Lee et al.2021)2 AHAY 0] £Oo0H 50|84 E 97
v 3 2919] A aTE olEo] ¥ 4 glo, o] AHAHS
et AZAY 7% HLo] /TS AT shAITE A
AolA HESE 20229 AUNAFFFRAL =8 Al o] =H
AASE dF T A®Q] FAL AADE AHEL 20149

202148714 X420 2 515t th(Korea Disease Control and
Prevention Agency [KDCAI, 2022). 2022¥xofl&= 2hd fju] 2
Fo7 Frtetlov, 109 A 23} HlwsilS Hole 5.2% *
2 A0 R Yeu AASE AHE] 35| A&H 08 Qg
Ao & YetHKDCA, 2022). 53] W AR hE f4ka A4
&5 AL 40t 49.8%, 50t 49.7%, 60t 40.5%% AA L5

B3 Agdert dedtol EFoty AFHrt SUHESE o
Z1e 4 ATHKDCA, 2022).

T O &5 TR S A5 A% SATEA
(Quasi-experimental design)@ $4 A4S djAlo g 3t A
Aot Y G0 &5 S 2O
2 AR AF(Yang et al., 2013) 87t ofye}t IGF-1, GH,
DHEA-S9} 22 =3t $& 2 8(Son et al., 2017), A5, AAH
E, 29 242 9% Jed, 27320 FHHQA FTFS vHT
(Kim et al., 2016). 4 o4 6009 F& oz A H3 gt
9] AJIAAE &I Kang et al.(2009)2] A= A=A} o1
Al @S 719 o AITAE FRI6HA T, 2 29 AHA=ES 7
A5 28R g2 AFEY A S S A8 2 A
< A5 TGS R g AT IA] 5o] AT
A, 7l sHAAE, @F5Ado FHAQ FFS vz Ao et
PH(Yoo, 2015).

A7 9 AF-E2 F2 HEAQ A Aol 7|5hs F1 9l

o], @ A3E YuBksH: o glolA] 94 eigo] BEsie of

o
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et HAE S5 AT A7 PHE AAH LAt HE
BA10] ek AAH £ E2 54 A7 Aol g5t fisto] A
Aol A E 712 St BE FAA SAE #Asta getstal A
AXR S B 24t BFS st RS EE5H
U oAl 2ol B AT £ = IS ATche A7 8
WoltH(Higgins et al., 2019). WERE42 #3d9 £ E
% £ AFHOR et

4 AIE FAZLRE st B3]
AEE &7 Y5 AAH B0 Z9] URtHQl 24 wo|ct
(Borenstein et al., 2009). o]t AHH-2 7 A+ Aol of
sto] @ ol BA AR WO R Tl - | ATtotHA

FTEAA 295 =52 5 Ao

Hebd B AP T B9 492 YOR & 85 34 e
o] mapgol theto] A BT HERAL B AL
o2 e AT Aol thete] Y} A5HE £ AES AA
B, AT FEL ol 4 G PAEA A2S TE] 9%

27 Ag Agshed 1 240 Uk,

W59 AAe dAozs &5 A 21 a4

RIgH AFES ot A st AAHY £z & o

EtE4 dto|nh AAY EeaE 9 3 9 F8 &2 AA

Z B3 1 (systematic reviews) A2} HEHLA (meta-analysis)

Aol Al PRISMA(Preferred Reporting Items for

Systematic Reviews and Meta-Analysis) statement®]] 75}
YP+AhH(Page et al., 2021).

29w g =8 Ae 7y

9 A A
F50] BT & =S PICO-SD 71 A
2351 th. PICO-SD+ Population, Intervention, Comparison,
Outcome, Study Design®] 4225 233t dol2 A A4 £
ZoflA dFEHo dr= HAHEAES FAHRE 25| o &
&35l= #HH & Slyolth(National Evidence-based Healthcare
Collaborating Agency [NECA], 2011). ¥ A9 A+ 4t
(Population)2 = S A<lo|tt. S (Intervention)= & I
ZaPo g HHsHA. ¥ X (Comparison)S FA ] tZ&wH(no
treatment control group)C. 2, &% FA T2 IS FL g A
YolA] 2 fxFo 2 Aottt Z3HOutcome)E 67HA] AH
A EZE A5 HTable 1).

2 AFE=20234 9¥ 21¥S V|E0E IR B
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Table 1. PICO-SD

Category Description
Population Korean middle-aged adults
Intervention Exercise programs
Comparison No exercise intervention program
Physical fitness indicators (Muscle strength,
Outcome Muscular endurance, Cardiorespiratory
endurance, Flexibility, Muscle power, Agility)

Study Design Randomized controlled trials

Table 2. Search strategy

Category Description

Middle-age OR Adult
Intervention Exercise OR Training OR Workout OR Program

Physical fitness OR Muscle strength OR
Endurance OR Flexibility OR Muscle power
OR Agility

Population

Outcome

2. 24 A 9 23 B4

HA o &85t golgHolA= Iy HolgH|o] A%l DBpia,
RISS, KISSZ & 3x& A5ttt Ao A48 skl PICO-
SD % A+ AH(Population), A (Intervention), AF+AT}
(Outcome)E YFO R Folx HAsIh HA o &gt 719
= AgATolA AR HAolE SAHLE AR5, FA
AR HMol= B, 4Rl 5, Efold, X, TR, A,
=9, A7, 94, <8, U¥goly AMAE -8olo] HA
< At cH(Table 2).

Zk dlo]g Hlo]AoA #=H EH-2 FFAEOl ris?] HYE B
Zdto] A% BE] T2 IW Zotero 6.0.3 WAL £ 5619
o}t Zoteroo| 4¥d A 3 A7 AF: FHE fJoto] A+
7} 3%10] ZHYH O =R 7} fo]El Ho|AojA] FUZ A 27T} H
AAS Fof 8= RHET F, 2 Zotero WYl S
ZRISHAT. o] % shite] SE EA0A S5H
A€l g Hlojg &2 JYPst3Tth
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o] 25 AES ¥HE %ﬁ}ﬁu}. ol *12% a7

sl g g &
TUA, A7 B 9 5A P 5 et
ol e7Hole] A, 25 4 Lg;ﬁ 9 BEEA,
A% W A BE 52 71UsTh TEIHERE FA) R

£ 0 PUSLEY B9 59 vl AR 2 3 19, 22
e, 71 5G/2), & &
5 m29el 9IS WA Aol 2 AR AT, L5
% 7% 84 olge] AwA 5o8 FHE AR Yeo] 4 xz
230 A& go] Het Ze1d FeHE WIS S4HR
£ 24AR, 54 579 24 B9, Ahd AA/AS 24 Aol
g A, B, EXUA f94E 52 /1Yt

5.HE3 918 871

A" £ dig viEY 9F 97t 79 2 AE A
£ 9%t =791 RoB 2(Version 2 of the Cochrane Risk-of-Bias
tool for randomized trials)& °o]-83to] H7lalFict HEYH 9E
B2t o2 B9 1, A iR 25, 2SA LA, éﬂ;
A, B A4 23 AY 5 & S7HAE Yol 72+ g
7T 5 e B4 EYES A7 AA, A AY, a+
9] IollA Yvehd 5= Sl HIEH 9ES Bkt 7 3
3 g7t AAE dagEel g Wy, IR 8, ‘w52
2 G713k 4= Qly, 7F o] tst 2E vl o g HEZol ujE
2 A g7 A R, IR 2, 55 08 HIIRITHNECA,
2020). A7AF 2910] /fHAH 0 & SHH 7| thsto] HIEH 19
L5 g1t §, ASHA @ dAol s =9 & 2F Bt
Sholtt. RHoF B7EA} 7t =9jo 4] o] YA oHA] g A, Al ¥
A A2 S sl E Brbskith Bk BlEY 98
2 Rovis(McGuinness & Higgins, 2021)2 &&5lo] 435 =
(Traffic Light plot)@} 29F =¥ (Summary plot)& Al Z-&}5Ftt.

\

lH‘ 19 v 18
o 2 o
o L o o J

SERRE
2 Ao = AFE o] dsf AAY EdrEs HAst
3N AFEY ¥4 TS Y5l CMA(Comprehensive Meta

Analysis) 3.0 ZE2IH 02 HeHEAS AA5tth AT A7
(Effect Sizes)= 708 A7t vlw e}t AA aH=715 AT £ A
T2 ¥&3}E FHAbo](Standardized Mean Difference, SMD)S
Cochrane Reviews handbook(Higgins et al., 2023)2 2F115}9]
Hedges'gZ AF&35F3tt. Hedges' g~ Cohen’s d& %5l &
F7F A A a0A717F A FA e AZ BT 24 Al
= /i Aol AAE A} FAEY] AP /AR BT #5H
2t 3k, Feb pRt 158 Y 52 AHgSklth 242 AA st
3719 2+ AEgEE a7 5 IRIskaLA}; oFqleh. Atol =g
H 1Y AAE IR A4S AAlsta, Aol 23tE P Y
o] &5=%1710] o] & ALt o Ftol thgt ﬁq‘— 7‘7]'i gl
shoith 7E Aol dY S0 IS A+ 5 A8 st
o] A5 AT Foles 7HEEdS A }5}@] %%}OPS’&E}. /\Hi—

]
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AFE SMDE AFESH] 913 A8 AIS= Wolf(1986)2] B41& AHe-
sto] A4ttt Al4to] E71st 9ol Follmann et al.(1992)
o] AIFSIHE 0.55 H&5to] RSt 7108 JAAS+E T
gsto] MIAEREAS AAS] Aa HFgo] EEAA] A &
sttt e d -2 (Effects models) F2 2372 ¥ (Random
effects models)S A&ttt T2 a2 (Random effects
models)9] 7127H43} 78 Ao MEY =T}, dwiskE 17
39S o) F2Yar2 g (Random effects models)S 285
o] HA@sirtal weksle) 7] wEo|th(Borenstein, 2019; Hedges
& Vevea, 1998).

AT AFE Bof T2 Ao 2 HA Ao HE &
Ittt 712 5k B4 AAote] A8 2 wd ad37|E &
Qlstoitt. a=2719 {942 0.058 A5kt

B4 g4 Ad7EY 584 5= QBT FEATS B Bl
sholch. Q382 Fleiss(1986)7F A 2§25 0.12 4
Ao, 129 Fho] 25% vIRkl A% o]A o] W, 50%E 7]
F0=2 ‘F3F, 75% o2 ‘w& 0F WsttHHiggins et al.,
2003).

ZWH&(publication bias) A5& 939l funnel plot¥} Egger's
regression test 23¥-E &HQ15}% 9™, Egger's regression test9]
o4& 0.052 A7stAthHiggins et al., 2023). &, &4 o] &3t
H AF71 104 mRtY 9ol Egger's regression testS A5}
7] SITHINECA, 2011). Egger's regression test9] 3& &9 &
THEF] A= AR FRlE % Trim and fill& AAISFAT
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Identification

Duplicates removed
(n=346)

Recordsafter duplicates removed
(n=568)

Records excluded
by screeningtitle orabstract
(n=341)

Records excluded
by screening title and abstract
(n=227)

Screening

Full-textarticles excluded, with reasons(n=212)

Wrong outcomes(n=45)
Wrong Participant(n=57)
Not-RCT(n=108)
Etc. (n=2)

Studies included
in Systematic Review & Meta-Analysis
(n=15)

[ Included ] [

Fig. 1. PRISMA flowchart
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EotE= 23 A"E Boll A7 7|0 F8sA|
A= 28 21274 Aot olof wet HE 24 g s F
15719] &3lo] AAQEdor, £ AHE 3t Ax+= (Figure 1)

1
A7 e 0] Hieh duby 542 (Table 3)7 2ot AE &
o = 200849 171, 20099 17, 201349 271, 20174 23,
A 271, 202049 34, 20219 271, 20224 14, 20234 172

2 UEdth AdE 23 25 =il AF8ke 40~601 59
s i

ret

e ox

2. 34 B i@ 2 I &

ARE BAECNA ST = 2 2
YElgTh &5 YEs F 248014 603 Ato] SAISHA L Bt 32
3], SUE2 2432 Uetgth. F9 HlE= 23004 53714 ook
SHlA Hat E SY2 332 et &5 AIZRE H4 3089
Al o 74801931 Bt 558, SLFL 0RO FE YEITE 5
FH= ALY 50 AP 252 EFH R F8e A7t 5
A(33.3%) 22 7P wokom, A 5 47(26.7%), F4tA43
25 371(20.0%), AFE 9 FAY &5 27(13.35%), 48 2
FA &5 174(6.7%) &£ 2.2 Vet

+5 Ax 43S HolAe oA (Heart Rate Reserve,
HRR) 3413 542 = (Rating of Perceived Exertion)& &
8ot Afads TS 85 &5 T AL A 40%
oA X 80%7HA] Aot L, A EE A& 6ollA o 14
7HA] Aot olQole AL FH, AR, K57
9 A 55 Bl LeHEE AHstuTt.

25 TR IS Briel] 93t AlY B AEe 29
134, A9 124, 994 124, AEAT7E 124, 984 44,

e 62108 YT 67H] A#E 25 2 £32 2718, 10)
o], 47HA] A #E E £Ho] 77(1, 6, 7.9, 13, 14, 152 7MY &

ot YA E92 57HA] ARE £ 242, 12), 37K AEE £
2765, 1), 17F] ARE £ 243, )22 ettt

0]
N
ok
rlo
%
N

Z2IE A

& %1343, 2 3,6, 7,89 10, 11, 12,
UERT. 1379 23 5 1041, 3, 6, 8, 9, 10,
11, 13, 14, 15)9] 23014 3ol L& FAE LA o= 54
TR fofotA 2] MAE Hor vetth 28 S B
T 2UEY] 25 A TR Fat F 33] 10.0F77F 54584
AAstaTh 28-S P7ksly] 93 2HETE oY, w2d, 302
LojAaL Q7] o8 Yehdth LFAEE oAf-Aw2] 40-85%
Aol B2 SFAE 6-14 Ao, HTAEr=9] 50-80% ARel 52
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Table 3. Summary of included studies

Stud Istauthor N A Intervention
Y (published (Exp:  Gender Y ﬂ:gseD) Outcome(Measurement) FITT Training  Intensity
year) Con) type setting
Pilates based
53.1 ° Muscle - Cardiorespirato bodyweight exercises
Parketal. 41 "' strength(Push-up) PIFALOTY_ Flexibility yweight exere .
1 F endurance . 60 min/session, 3 times/ Resistance =~ HRR
(2020)  (21:20) - Muscular (Sit and Reach)
3.27 endurance(Sit-up) (Harvard step test) week,
p Total 8 weeks
- Muscle strength Cardiorespiratory | Bodywelg}_lt circuit
Eemetal 29 50.9 (Grip strength) endurance - Musc e power - exercises .
2 ' M (YMCA Step Test) (Standing Long 30 min/session, 3 times/ Combined ~ HRR
(2017)  (14:15) - Muscular o
5.74 endurance(Sit-up)” Flexibility Jump Test) week,
P) " (Sit and Reach) Total 8 weeks
48.84 Machine weight training
3 Choetal. 55 F(28), "~ - Muscle strength 50 min/session, 3 times/ Resisiance  RPE
(2023)  (26:29) M(27) (Grip strength) week,
4.84
Total 8 weeks
. . Walking exercises
Lee&Choi 26 41.58 - Cardiorespiratory 60 min/session, 3 times/ .
4 F +  endurance Aerobic  VO,max
(2013) - (13:13) 4.06 (Treadmill test) week,
' Total 12 weeks
Pilates based
Lee&Kim 18 42.70 Muscular - Cardiorespiratory - Flexibility bodywelght exercises .
5 (2021) 9:9) F endurance(Sit-up) endurance (Stand and 60 min/session, 3 times/ Resistance ~ RPE
: 3.32 P)" (20m Shuttle Run) Reach) week,
Total 12 weeks
50.55 ° Muscle strength Cardiorespirato: Walrﬁl;itli:cr:e
Kim&Kim 30 ) (Grip strength) piatory_ Flexibility ym: . Combined, RPE,
6 F endurance . 60 min/session, 2 times/ P
(2022)  (15:15) - Muscular (Sit and Reach) Flexibility HRmax
5.23 endurance(Sit-up) (Harvard step test) week,
up Total 12 weeks
4381 ° Muscle strength Cardiorespirato: Yoee bzz:s)fgr(g(s)gsy el
Younetal. 26 | (Grip strength) piatory_ Flexibility . . . Resistance,
7 ) F endurance . 50 min/session, 3 times/ i RPE
(2017)  (13:13) - Muscular . (Sit and Reach) Flexibility
5.43 endurance(Sit-up) (Treadmill test) week,
4 up Total 12 weeks
- Muscle strength Cardlorespuatoq - Muscle power Bodyvyelght exercises
39.10 . endurance(12min o including Tackwondo
Byeonetal. 30 (Grip strength) (Vertical jump) . . . .
8 ) F Walk/Run Test) . 60 min/session, 5 times/ Combined HRmax
(2008)  (15:15) - Muscular S g - Agility(4 X 10m
3.37 endurance(Sit-up) Flexibility(Sit and Shuttle Run) week,
P Reach) Total 12 weeks
Bodyweight exercises
46.63 - Muscle strength - Cardiorespiratory L S0ility including
Kim&Kim 24 EM ) u £ piratory (Sit and Reach) Qi-gong training . HRR,
9 (30 second chair  endurance o . . . Combined
(2013)  (12:12) (unknown) 6.05 stand test) (Harvard step test) - Agility 60 min/session, 3 times/ RPE
' P (Side-Step Test) week,
Total 12 weeks
- Muscle strength  ~ Cardiorespiratory _ Muscle power Body_welght exereises Vibration
16 51.00 (Grip strength) endurance (Vertical jump) with vibration machines frequency
10 Oh(2019) F + (Harvard step test) s 40 min/session, 3 times/ Resistance
(8:8) - Muscular . - Agility of the
3.53 endurance(Sit-up) Flexibility (Side-Step Test) week, machine
P (Sit and Reach) P Total 8 weeks
Bodyweight exercises
4871 " Muscle strength Muscle power with ballet bars and
1 Chae&Kim 28 F ' (Grip strength) (Stan dinp Lon bands Resistance, RPE
(2020)  (14:14) - Muscular g Long 50 min/session, 2 times/ Flexibility
5.09 . Jump Test)
endurance(Sit-up) week,

Total 12 weeks

kjss.sports.re.kr
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Table 3. Summary of included studies (Continue)

Ist author N

Intervention

Study (published (Exp: Gender Age Outcome(Measurement) Training  Intensity
C (M£SD) FITT .
year) on) type setting
- Cardiorespiratory . .
41.17 " Mu§cle strength endurance - Muscle power Jumpmg FOPe; Wa!kmg
Hanetal. 16 (Grip strength) X 74 min/session, 4 times/ .
12 F (1200m run test)  (Standing Long Aerobic  HRmax
(2009) 9:7) - Muscular week,
1.95 - Flexibility(Sit and  Jump Test)
endurance(Sit-up) Reach) Total 8 weeks
Bodyweight exercises
. 4727 Mugcle strength Cardiorespiratory o including Zumba Dance
Moon&Lim 30 (Grip strength) - Flexibility . . . .
13 019)  (15:15) F - Muscular endurance (Sit and Reach) 50 min/session, 3 times/  Aerobic HRR
' 4.42 . (20m Shuttle Run) week,
endurance(Sit-up) Total 8 weeks
Taekwondo self-defense
- Flexibility - Muscle power based bodyweight
Kuetal. 20 50.20 - Muscle strength (Sit and Reach)  (Vertical jump) exercises .
14 F +  (Back muscle - . . . Combined HRR
(2021)  (10:10) 136 strength) - Muscular - Agility 60 min/session, 4 times/
’ & endurance(Sit-up)  (Side-Step Test) week,
Total 12 weeks
Bodyweight circuit
Choi&Yoon 16 48.95° ?éLrlls Cl:trset;eriﬁgh - Cardiorespiratory _ gy i exercises
15 ) F P & endurance ty 50 min/session, 3 times/ Combined ~ HRR
(2020) (8:8) - Muscular (Sit and Reach)
2.95 . (20m Shuttle Run) week,
endurance(Sit-up) Total 8 weeks
A =29 TSR LEREE AT B AFoA adrt gle AR

2 245 113013)2 ALt 2E 249 &5
FHe A 252 TS, FAFHJ] FA 2272 D2t
AR, AT, &
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1% BASS 25 5 H L2 B 539 10270 5228
4SSl SRS ARl J0-85% ol 2 £F
Az e 9—14 Afol, EH 9] 40-80% Ate] o2& AA sttt
AT WA A SgETE AEYosl/lsh Eeu]
o ehith 179 EA(13)2 AT ZE B9 25 34
%279 g 4G4 £5E EesT, TAHE Ba A,
QA vt deulet GAE 25, AFLF 52 o8 BE
5 %9 B2IYOR debgrt

5. AR A7 SRS Qg T2 73 gAY
AHATEE AT EA2 12741, 2
13, 15) 22 Yepgtt. 1249 &
15)9] dFtollA Aol %% A
A AR o] AAE Ao
T EAEY &5 3 T2 OLTsil 93 7&53 8EH 4
AlBtATE SEHEE g9 40-85% Ato], AL
9] 40-65% Atol, FjAEr=o] 50-80% Ato] 5oz Akt
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Ald

3-14 Ato], HjAalur=0] 50-80% Alol& 3519}

wep Az}

% = =
wdeEg Bl A% 2AETE AR Q2R AR &
ol So= ekt 349 £Y wE A £5L XU 1. A4 A7) e et At
I, FAR] FA T2 AR, TEute BHNE 25 52 AA =259 ME A2 det 5244 %8 2% Q@2
2 = =
2 vehgt 16.865(p)0.1), P2 17.0%& oA 4ol 98-S eHelstgict. avt
371 0.994(p<0.00)= Yebdth(Figure 2). 43 FeihE F7F
8. WA SAS AT =2 IF &4 EAT A3 §3137]+= 1.103(p<0.001)°] 2t} Cohen(1988)°]
WHAS A BEL 446, 9, 10, 1902 tebidth 449 AN 7% Ut 2% FA Z2IBL Ae] 2 avg )
290 % 340, 10, 199 ZA0)4 4PTol 25 FAS 0 g A& Aoz Yeitrt. ZBHe(publication bias)e Funnel plot
SAFEC f5tA wHAe] A Aoz ‘%E}‘;h:} A 7H o] Fefo} Egger's test 275 F3 WSI3AT Funnel plot H|
Ag Bt BIE9] &5 A 2P JF F 33 10.7F n A Aol oH, Eggerd 29 4 ZTE F5f EHHTO|
53 384 AAsl. 25T oF dJrT«l 40-70% Ato] % U ERISHATHSE=1.483, p=0.059).
o2 sttt WHAE B 9 SHETE Aol= AH,
10m 92 g7 5o vehgth BE Zdo4 AP 252 2. 29
welol, FAHS A TRIYL VAR, A5 25, HUE 29 BFT7)E AT =B 1370, ¥ HE o
SO E YERHT Aol BIEI(Q=19.498, p(0.1, [’=38.5%), &I 7|+=
ay Statisfics for each study (Rendom effects mode))
remelyear) o - 3 Lower  Upper 2 o Hedges’s g and 95% ClI
imit fimit
Overall
Park et al.(2020)  1.163 0335 0112 0506 1819 3470  0.001 —i—
Eem et al.(2017)  0.590 0374 0140 -0.143 1323 1578 0.415 +—i—
Choetal.(2023) 0718 0275 0076 0480 1257 2613  0.009 -
Lee&Choi(2013)  0.606 0389 0151 -0.457 1368 1.557 0.119 +——
Lee&Kim(2021)  0.245 0455 0207 -0648 1137 0537 0591 —t—
Kim&Kim(2022) ~ 1.468 0404 0163 0677 2259 3637  0.000 ——
Youn etal.(2017) 0.739 0402 0161 -0048 1526 1.840  0.066 ——
Byeon et al.(2008) 1.599 0419 0175 0779 2419 3820  0.000 ——
Kim&Kim(2013)  0.406 0438 0192 -0453 1265 0926 0.354 ——
0h(2019) 1217 0527 0277 04185 2250 2311  0.021 ———
Chae&Kim(2020)  1.201 0.401 0161 0415 1987 2995  0.003 —i—
Han et al.(2009) 1443 0558 0312 0349 2538 2585 0.010 ———
Moon&Lim(2019)  0.840 0380 0145 0094 1586 2208 0.027 ——
Kuetal.(2021) 3480 0727 0528 2056 4905 4788  0.000 —
Choi&Yoon(2020) 0.744 0496 0246 -0228 1715 1500 0.134 il
0.994 0.144 0021 0712 1276 6.897  0.000 <
Heterogeneity : 12 = 17.0%, Q = 16.865, p = 0.263 -4.00 -2.00 0.00 2.00 4.00
CON EXP
Fig. 2. Forrest plot (overall)
sy Statistics for each study (Random effects model)
neme(year) g s Lower  Upper z » Hedges’s g and 95% CI
Varene “priimit
Muscle Strength
Parketal. (2020) 1.317  0.339 0.115 0.652 1.982 3.883 0.000 i
Eemetal(2017) 0.234  0.362 0.131 -0.477 0944 0645 0.519 —II—
Choetal.(2023) 0718 0275 0.076 0.180 1.257 2.613 0.009 -
Kim&Kim(2022) ~ 1.333  0.395 0.156 0.560 2.107 3.378 0.001 —l—
Younetal.(2017) 0.679  0.391 0.153 -0.088 1446 1.734 0.083 ——
Byeonetal.(2008) 0.955  0.376 0.141 0.218 1.692 2.539 0.011 ——
Kim&Kim(2013) ~ 1.872  0.478 0.228 0.936 2.809 3.918 0.000 ——
0Oh(2019) 1535 0545 0.297 0.467 2.603 2.816 0.005 e et
Chae&Kim(2020) 1.099  0.395 0.156 0.324 1.873 2.780 0.005 ——
Hanetal.(2009) 0.887  0.502 0.252 -0.096 1.870 1.768 0.077 —tli—
Moon&Lim(2019) 0.747  0.368 0.136 0.025 1.468 2.028 0.043 il
Kuetal.(2021) 5274 0937 0.879 3.436 7.111 5626 0.000 —
Choi&Yoon(2020) 0.970  0.503 0.253 -0.016 1.956 1.929 0.054 BEEE ey
1138 0193 0.037 0.760 1.516 5.900 0.000 L 2
Heterogeneity : 12 = 38.5%, Q = 19.498, p = 0.077 -4.00 -2.00 0.00 2.00 4.00
CON EXP

Fig. 3. Forrest plot (muscular strength)
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1.138(p<0.001)E ebtHFigure 3). ©14 IS F7HEATH
A a337]= 1.190(p<0.001)°0] A tt. EHHIFES Funnel plot
oA v FEE sty o, Eggerd 37 &4 AE B
A E 15 4= AATHSE=1.351, p<0.05). °]°l Trim and fill
S 5o 28T A 29 5337E 1.295(95% CI: 0.909-
1.682)% Vepyit}. o Javts xgT A¢ 2849 adarle
1.487(95% CI: 1.108-1.874)°] 4T},

3. 2474

SAFE9] anta7]E AT =82 12702, o] o] U
A F&-& RIS (Q=13.274, p»0.1, [=17.1%), AZA7]=
0.972(p<0.001)2 et th(Figure 4). o4 Joehg F7HEA%
A3 53%37]% 0.972(p<0.001)01At}. EHAFF-2 Funnel plot

oA vlwa A<l FeE TAPCH, Egger®] 317 £4 At
2 3] 2dHgo] 938 391519 tHSE=2.001, p)0.05).

4. AR AT
AT ARV E DU =22 12122, ojFgo] 1

ERLA] 9382 1519 1(Q=11.805, p)0.1, ’=6.8%), A7}=7]
1.092(p<0.001)2 YebgtHFigure 5). 94 JHTHS SF7HE4

Ay a337]= 1.372(p<0.001)°] Atk EHHIFS Funnel plot
oflA Bty FEE AF Y, Eggerd] 2 HAYL 2= B
ofl sl f-2Jgt Axprt UebA] ehokth(SE=4.778, p>0.05).

rﬂ' r1r

5. 494

FAA antarE g =52 127402, ojdAo] e
U2 32 Ist9I(Q=11.136, p)0.1, I’=1.2%), &337|&
0.883(p<0.001)2.&2 YerttHFigure 6). 94 AHiHS 7124
g A¥ A% 7]E 0.921(p<0.001)°1 1tk EHHIFE Funnel
plotollA] Bt el 7} e AT, Egger?] 3] H HA S 2= v
Aol thsf] |25t Ayt e A] ehShtH(SE=2.885, p)0.05).

6. ¢ 2
£ueo] ANAYE FAT £ES 6A0E, ofdqo] e}
[e]

A oS FAFAI(Q=5.715, p)0.1, [’=12.5%), EAF}T7]=
1.421(p<0.001)2 YergtHFigure 7). o4 FHavhe 7MEAGH

Statistics for each study (Random effects mode!)
ramatea) crco L0t Upper
g SE  Vaiance mit imit V4 p

Hedges’s g and 95% ClI

Muscular Endurance
Park et a.(2020)  0.901 0322 0.104 0.270 1.533 2.797 0.005
Eemetal.(2017) 1.361 0403 0.162 0.571 2.151 3.377 0.001
Lee&Kim(2021) 0.644 0462 0.213 -0.261 1.549 1.395 0.163
Kim&Kim(2022) 1.191 0.387 0.150 0.432 1.950 3.077 0.002
Younetal.(2017) 0.192  0.381 0.145 -0.555 0.938 0.503 0.615
Byeon et al.(2008) 1.082 0.382 0.146 0.334 1.830 2.834 0.005
0Oh(2019) 0.944 0.501 0.251 -0.039 1.926 1.883 0.060
Chae&Kim(2020)  1.101 0395 0.156 0.326 1.876 2.785 0.005
Hen etal.(2009) 1.172 0520 0.270 0.154 2191 2256 0.024
Moon&Lim(2019)  0.376 0.359 0.129 -0.327 1.079 1.049 0.294
Ku et al.(2021) 3.273 0.672 0451 1.956 4.590 4.872 0.000
Choi&Yoon(2020) 0.535 0482 0.232 -0410 1.480 1.109 0.267
0.972 0.171  0.029 0.637 1.308 5.679 0.000

Heterogeneity : I? = 17.1%, Q = 13.274, p = 0.276

-4.00 -2.00 0.00 2.00 4.00

CON EXP

Fig. 4. Forrest plot (muscular endurance)

Statistics for each study (Random effects model)

study
. Lower  Upper
namelyear) g SE Vaeroe T PR 7 p

Hedges’s g and 95% ClI

Cardiorespatory Endurance
Parketal.(2020) 1728  0.361 0.130 1.021 2436 4.788 0.000
Eemetal.(2017) 0813 0377 0.142 0.075 1.552 2160 0.031
Lee&Choi(2013) 0606  0.389  0.151 -0.157 1.368 1.557 0.119
Lee8Kim(2021) -0.260  0.451 0.203 -1.144 0.624 -0.577 0.564
Kim&Kim(2022) ~ 1.651 0414 0.172 0.839 2463 3.986 0.000
Younetal.(2017) 0.378  0.383 0.147 -0.374 1.129 0986 0.324
Byeonetal.(2008) 2673  0.495 0.245 1.702 3.643 5396 0.000
Kim&Kim(2013)  -1.500 0450 0.202 -2.381 -0.618 -3.335 0.001
0Oh(2019) 2147 0606 0.368 0.959 3.335 3.541 0.000
Hanetal.(2009) 1.982 0591 0.350 0.823 3.141 3.351 0.001
Moon&Lim(2019) 1.904 0432 0.187 1.057 2.751 4.408 0.000
Choi&Yoon(2020) 1.261 0523 0.273 0.236 2.285 2412 0.016
1.092 0326 0.106 0453 1.731 3.350 0.001

Heterogeneity : 1> = 6.8%, Q = 11.805, p = 0.378

——
-+
—'—
—tm—
— —.—
P
-4.00 -2.00 0.00 2.00 4.00
CON EXP

Fig. 5. Forrest plot (cardiorespiratory endurance)
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A3t §31371= 1.677(€0.001)0] et EHHZFS Funnel ploto]l 1.854(p<0.05)2 Yebth(Figure 8). oA At 718435 A
Al HIHA FEE ERlste] EHEFY 7HsAol e SRIFT I AT 7] 2.458(p<0.05)°1 et S HFS Funnel plotoll 4]
EEER EEEEREEEY
7. R84
H49 aRtar|E It =82 4702, o]d /o] YEhY 8. A®E A7 7] gk g7+
A s FAsHHI(Q=4.083, py0.1, ’=26.5%), AT 7= HE A A ;oM 83717} 0.8 oG oE YEh 5(ZE T
Statistics for each study (Random effects model)
name(yeab) g o . Lcwer Upger 7 o Hedges’s g and 95% CI
Verence “eri it
Flexibility
Parketal.(2020) 0.704  0.316 0.100 0.085 1.324 2228 0.026 ——
Eemetal(2017) 0.366 0364 0.133 -0.348 1.081 1.005 0.315 -l
Lee8Kim(2021)  0.350  0.453 0.205 -0.537 1.237 0.773 0.440 et
Kim&kim(2022)  1.696 0417 0.174 0.878 2514 4.065 0.000 ——
Younetal.(2017) 1.708  0.448 0.200 0.831 2586 3.816 0.000 —l—
Byeonetal.(2008) 1.550 0408 0.166 0.751 2.349 3.801 0.000 ——
Kim&Kim(2013)  1.118 0426 0.181 0.283 1.953 2.625 0.009 e
Oh(2019) 0.683 0488 0238 -0273 1639 1.400 0.162 etref—
Hanetal.(2009) 0.484 0484 0234 -0.465 1433 1.000 0.317 —t—f—
Moon&Lim(2019) 0.333  0.358 0.128 -0.368 1.035 0931 0.352 ——
Kuetal.(2021) 1539 0493 0243 0573 2504 3.123 0.002 ———t—
Choi&Yoon(2020) 0.209 0474 0.225 -0.720 1.139 0.442 0.659
0.883  0.167 0028 0555 1.210 5281 0.000 <o
Heterogeneity : 12 = 1.2%, Q = 11.136, p = 0.432 -4.00 -2.00 0.00 2.00 4.00
CON EXP
Fig. 6. Forrest plot (flexibility)
ay Statistics for each study (Random effects mode)
’ %
nemelyear) g S Vai Lower  Upper z » Hedges’s g and 95% Cl
AR it fimit
Muscular Power
Eemetal.(2017) 0175 0362 0.131 -0.534 0.885 0.485 0.628
Byeonetal.(2008) 1.199  0.388  0.150 0440 1.959 3.095 0.002 ——
0Oh(2019) 0839 0495 0.245-0.132 1.810 1.694 0.090
Chae&Kim(2020) 1402 0412 0170 0595 2210 3.404 0.001 ——
Hanetal.(2009) 2692 0673 0454 1372 4012 3.998 0.000 —_—
Kuetal.(2021) 2847 0621 0386 1630 4.065 4582 0.000 -
1421 0390 0.152 0.656 2186 3.642 0.000 P
Heterogeneity : I? = 12.5%, Q = 5.715, p = 0.335 -4.00 -2.00 0.00 2.00 4.00
CON EXP
Fig. 7. Forrest plot (muscular power)
sty Statistics for each study (Random effects mode!)
ramelyea) g s . Lower Upper 5 p Hedges’s g and 95% Cl
vaence “ri imit
Agility
Byeon et al.(2008)2.136 0450 0.202 1.255 3.018 4.750 0.000
Kim&Kim(2013) 0.133 0395 0.156 -0.641 0.906 0.336 0.737
0Oh(2019) 1155 0515 0265 0.146 2165 2243 0.025
Kuetal.(2021) 4469 0826 0683 2850 6.089 5409 0.000
1854 0769 0591 0347 3.361 2412 0016
Heterogeneity : 12 = 26.5%, Q = 4.083, p = 0.253 -4.00 -2.00 0.00 2.00 4.00
CON EXP

Fig. 8. Forrest plot (agility)
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Fig. 10. Summary chart
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