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21 CHALS =

M
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kol

B SH: MAH 2 1ED} HEREA]

0L, B&™, MQOI", it

z =

et i =117 B7ks Glom 2 THASE Favkn Gt Aol =91 A7l WA Aae] Uglo] H HAHE
8 DA AL T B, AABFEE TSI T4 900 Aol, £5, 39, 45 5 1 Aol 4
o] Washt. oleld LAATY hAFFE SHL w2AZY] Aol AR AL I AFATE FHOE AAH BADE 2
EtEAS AT B AL 654 ol =912 RO E AW FALZIHo] hAFFZ AR AL FFS shord 4
A7 A4S BT LA 31 FUY AAH FALY L ek A 472 1799 FAATE BANAY &5 R2IY 2
2434 52 BASRETY ol €5 ¥ BAFAL DAFEL AEY BY, FHAY, TA=ADASA 1AL, 25, FHEY
of EAHYL UGt 6779 FARL 12F o149 FA7F wale] AFFE AHC] ARAYL FAT & YUk B A7
238 ERR 2919179 HAEFE AR HHA Q48 WO RA FF FALLIY ALY AN2ARE FET 5 U A

A AT FA0) BEd Qefike 654 ol el iAETRol it thAEEEL ofe 7 iae BAIS
A7 iy 7ol 20234 9,499,933 0% A AR A& AYH SO A} DFHAFEZ, B WS
18.4%8 AT AoE Ueht 20YANE Fol 45 AHE, WY 2 FuHS URT FA o4 5 45 @
A WY LHLL 20234 RG] Z, 15644 B4 AHAFo] R vukat ol TASHE IHL oITH2). of
ZHs<1F 100700 dhat 6541 ol 19 Qe W7k 2618 AESE 7R BT AGL Aol7t AT 52 S (HR
solslo] 37 9179] F71 214 FAA FHOZ A8% 90 am, o4 80 cm ©14), S Hrriglyceride) 150mg/dl

of
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wQI9l7o] 4] AL §A - S FAAE ST
wel7h wh S Fa st
@ M20| 2| § LI8e?

A718%, #3259 FA2 WS 125 o|4 H&%
o Q107 AT A A4 J%Lx% 1S 3o
k.

@ AAEZ?

ol PAEFE AN FAL2IY A A B AT 9
U8 AL T 48T st 4L Rk,

o}, 1YL A HHZ A8 E(high density lipoprotein cho-
© (4} 40 mg/dl, 1% 50 mg/dl
uleh), FEET 100 mg/dl o1, 5718 130 mmHg ©]
S5 U3l ol
Ayttt

lesterol [HDL-C])°] &

4, 09718 85 mmHg o4 7
@ s 488 A4edT £5ane
HgoR BBE & g A4S usE[3] elo|A of
W SAZZI0] PAEFE S4S A2 & A I
AsiE WAt e Aolth 53] YAEFEE FHEL A,
Q1% 5o wret A Aol7t o4l NEFE 71 BT
Aol7h BAISHE A-L[3] Estet ALA o) ol 2131
whgolct. FeFat Ao AFLT) Aol 2 tASEE A%

720l Zol7t g B IASFE RIS I TS
Fio% AAH EALLN AL B9 Solite A4
o g Z710] R3S SelsE Dot e Aol

& A9 FA2 AAH EF1ES 53 654 ol =

HAS T AE(EY, S4A, LEEATNEHLHE

sEEd, &

1634

H} E
1. A5t A

B 7L 654 o] ol Ao g Alds 2R TR T
Fo] HAS T Ao FlA= G eret AP 4

= US4 S8 298 AAY 2 L o)
EhEA] qipolet,

N
ol
>
Ja}

Mo

2 A7 A FHIEE AT FAA EE2 Patient,
Intervention, Comparison, Outcome THxZ} 2t} A+t
“(patient)2 65A4] °]4 lo|t}. S (intervention)= &
S5, &5 15 - A" 5 HESAE AASHA H|
I (comparison) 2.2 A ] B (no treatment control
group), 91k (placebo group), tAS5 A (alternative group)
o= stien diloutcome)= TF71EY, ol EY, F
AR, TEEAGARZHAHE, 35, sEEAE 54

st

1) Xtz

AP 202349 0¥ 159FH 20234 62 3097t
A o]Fofgom 654 o4 QS o R 3 FAZET
Hol ASTT A H 1A= BIE EAsH: AS 54
o= ZARE FYsIG. AAddo R Y =22 SHOR
Research Information Sharing Service (RISS), Korean Studies
gt olakro]gHo]
2 (Korean Medical database [KMbasel), =7}3}87| &7 B AN

Information Service System (KISS),
E(National Digital Science Library, NDSL)E &3l ©|F

o 1 9 FRs e, BRAIEs, ¢
7asts), dEA QA e7teste 5 thast Bl o8 &
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A olg3te] stex] WAE AN AT BE =8
2 M) Sstel AT/IHE ARHA SOHTL, AHE
go g =ROE APAGOH, ol TFH ol A
Fstoich. AMolZ AR Ao RE “al”, “654] of
A CUAERE, BRI, NAEE, TEY, e,

‘QAtol S ALl ORZ skl ML EAe

2) KMy

Ag A7 (1) 654 o =S iAoz AT
SAAT, (2) 27t dASST AR(EYS, F9A,

AR A G EFH A E,

oH

23
==

oft
E:l)

ST, Aol fwET, AR, FA, "EEIHT, /71, (4) g3 7] HaEE A4 B =TS Zoeiaih. viA7]
AEYAT, FEARY, WA, ol "5E, “AEAES T2 (1) A A7 6541 o4 elo] obd A%, (2) 3+
A", “peeE, Ho| e ALE-sto] ORE AAT}Y o I =2, Q) AHEIAT, (4) A0 A 5) & AR
Aastgn AnEss “BREY, WS, WY, F ololNA e oulATert
AR, DL EAGRFH AHE 9 o] F AHESt] ORE . I3 Preferred Reporting Items for Systematic
dAZsto] FAstoh diA, SA, 23¥¢+= ANDE 25t Review and Meta-Analysis 152 A|A% £A12 11X
ZLi| Cl|O|E{H|0| A HMS S5 =QIE U+ (n=224)
A RISS(158), NDSL(0), KISS(2), KMbase(8),
=L 7t5513]2| 5(56)
9872| 5 ¢ A7 (n=126)
e '
s A2 Y 22 AES S5
48 Tn=69) | > H2)El S (n=57)
52712| AT H|2:
HAMo| =el= - 7| 20]| £2t5tA| 9= kAt (n=27)
32y o —> | - 7|Z0] Selsia] o ZH (n=11)
30| (n=17) - ZAZHI BAMBHn=11)
- 7|20 £2tstA| 9= Al (n=3)
SEERCEREEEL
22p B0 RISS=Research Information Sharing
. EE Service; NDSL=National Digital Science
zg e
o3 (D("E—rﬁ? Links; KISS=Korean Studies Information
n= Service System; KMbase=Korean
Medical database.
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gAE 2

A YIS 7)estAtia™ 1). 123 24 23} RISS
(158), NDSL (0), KISS (2), KMbase (8)53} =1 7+55}3]

A StaA] SolA 56HS AMSY. AME =22 Legacy
RefWorks (ProQuest LLC.)E 53 SEA}& 598WHo] A Q|
of 126%Ho] =3It} o]F A=AY E A 7|E) wt A=
255 SHOE HET A A FA O BAEHA 2
At 57#Ho] 1= A=At A =72 HES JAIS]
on AE AYS AA, AR7E0 FFHA ge =& 69
S ALl AT HEH o 1799 =7 AAstt

A A 9 2 HEE AR 2%10] AAJskeleH, o
TFAZE A7t S9AR HE AYS AAM sUE FAHer 4
HEE Aot H714 F 23] AF 3oE Bl AHE
gelstar At E352 xF HESHIT o] oA o
TARE Atolof ool dAISHA k2 A% BES I A&

she 392 B9 ool o5 rtx] 2Fsto] AFBHsict

1)

juiel

=)

J
p

Aol AFE 22 AFAF=E HF29] A+
(non-randomized controlled trial)= Risk Of Bias In Non-
randomized Studies of Interventions tool (ROBINS-I) [6]
= 5ol 239 4 7= Aldslt. 239 d B7te o
A} 2R10] HYA o g AR ATE Fsto] B7HAF 11+

Aol QXS G A9 2 B FYUL EEAr

5. Xz £=
£ Aol AAA 23

1636

2 AFoA AHE 3o 2 A9 2337 4 &
& A% (Cochrane Training)9] re-
view manager (RevMan) 5.3 versione &9l 245ttt
8 'l 9 chi-squared] AF7H g
S AABEAL, 17 0% d o] Aol §l&E oulst,
30-60%= SXt2719] o]dA, 75% o2 & ol&/d= 9l
A7 2 AFtollA= o]F ol F7t olskel 7
2 9 (fixed-effects model)S ©]-83f &

olddE HY % HFAI} ZF(random-effects model)=
ARESto] a3t 7]E AFESte] E45H3IT 2 o] 42 Ho
230l A17(robustness)S A
SFATHS]. < ¥ (forest plot) &3 Ao Wkt A=+
b gelstgion, Axghol tigt avar]e d&53 Arll
739 #F3HE HHF X (standardized mean difference)@} o]&

5 7k EAAAC] B B90 u

AHo= odA AA

W A}H](odds ratio)s EAHHOoZ

Agstgle, Ll B BAH §Y4SES 0,050/

A= H7HE 95%0l A sttt HWak(publication bias)
< Z7] 1 (funnel plot)= &3 £45}3L Egger's linear
regression asymmetry testS ©]-8oto] HA 5t TH

4 GTE A YO A gt AT Aoyl
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<2 ROBINS-1 =& &-85}9
gael g 9 Bk 2w
o= Q% HIEY Aol 2 ATE 108(58.8%)01%.0,

A 8H(47.0%)019 1L
o] =& AF 8H(47.0%)°1U 1 =3t

H 1. A%

CARE A7 54 (0=17)

XRH(EE)

B=237|(n)

=1l el

31715, 712k, 2EAIZE

Kim 5(2020) [23]
Son¥} Kang (2010) [22]
Kim (2011) [11]

Kim 5(2013) [13]

Song 5(2017) [14]
Shin¥} Kwon (2018) [24]
Kwon} Park (2018) [10]
Sung Lee (2010) [21]
Cho 5(2014) [16]

Lee (2007) [15]

Kim3} Kim (2014) [12]
Kuk (2020) [9]

Lee (2012) [17]

Ha 5(2018) [18]

U (2018) [20]

Kim (2016) [19]

Chung} Sung (2013) [25]

AFE(n=24)
2 (n=19)
A (n=18)

AdH(n=12)
2+ (n=12)
A (n=12)
25 (n=8)

A (n=10)
2 (n=10)
AdH(n=17)
2 (n=14)
A (n=15)
2 (n=12)
AT (n=22)
2 (n=18)
Ad(n=18)
£ (n=23)
A+ (n=18)
2 (n=13)
AT (n=23)
2 (n=23)
AdH(n=41)

’é]%]v__L(n—ZO)
2 (1n=20)
A3 (n=9)
27 (n=9)
AFF(n=9)
fZ(n=9)

PAFS T HlotA T2 213, 125, 60&
1% -JJ:E.‘, ’g'%, Tl.‘o

A4 25 E

WA T2
Eges 1R
oftorzy]
FIEL
LT A
A7NLE, IS
ERlbiEs
A71E, i, A

U-health system
A%, 2
ofotzy 25

1=

A2 O
TS TS

Step box9}
‘1:1 ‘11‘ <]

ofF-opzH],
Ll

=3
a7t

o

=21

=
Q)

5 127 sElEd), d‘ﬁ SEEE, T4,
NLEAFNEY LEHE
$33], 205, 50%& drﬂgﬂﬂ SEET, T4,
AU A EEH AHE
T43], 205, 60& 0131@711 TEIY, T4,
NLEA G EZY AE S
T35, 127, 35-45%  SEEd, B, 5 5ET, SEA,
ALEATEE LEHE
$33], 125, 60+ aﬂ?‘iﬁﬂ g% 3529, T4,
AU A EEH AH S
53], 125, 60& Halgﬂﬂ, a9k A,
NLEA G EY 2EH S
23], 125, 60+ sElEd, 2, S84,

9], 127, 60+

23], 265, 90+ 0111]5?—11 ‘ﬂ%k %’—%‘é%‘ SA,

ALEAPNEI LEHE

33, 65, 80+ 011“45311 < 8q, A,
EAT S AEHE
33, 12, 60% Halgﬂﬂ, o9, g9, SR,
NLEA SN EY LEH S
F33], 125, 60& slElEd, 2 5 5EY, A,
AL AEEH AHE
F33], 125, 40-60& 011“4@“—1] 2% 3 58T, A,
EHLEHE
33, 125, 50% Oﬁlgaﬂ o9 T EEY, A,
NLEAFNE LEHE
23], 125, 60 sElEd, 2, 5 5EY, A,
AL AT S AHE
F33], 127, 50-60& s, %-3 , 3 5EE, SAY,

AL A S AHE
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129(70.5%) 0.2 B7hwo], AurdoR wEY Aol A
Ao Uehgth e &S HEY Aol Uk Ao

dE A7E flPeng BE AFE BA Yl 2t

2. §AN S 0F Y E212| A} Ha A 5137
054 o1 kRloAl AlgE SALZIH] ARG T
Aol WA= GIE BASkL vt e oS3 gt

(1) [9-25].

1) SHEZIHO0| +=Z7|20f 0jXl= &2t

SAZEIH Folet A 2 =572

=0.060): *=47%
nX e a7 -5.62 (95%
confidence interval [CI]: =7.75, —3.49)2 A¥LI} 2+
o] 571U BAFCRE {T Zo7t e AR Y
EFtth(z=5.17, p<0.001). ¥ &5 - 2% - 40|
A9 B¢ 544 FH2 Q (Chi)=5.21, df=5 (p=0.39);
P=4%2 Uetgth 5718 vXe a337]& -5.78
(95% CL: ~10.17, ~1.39) 2.2 AAZI} f279] 5718
2 BAXOE gt Aol7t e AR UehgTth(z=2.58,
p=0.010). SAZR2IH9] 157} F 33] vjgk 28H H9
FE71EY] e 1T 7])E -7.62 (95% C
—3.17)2 A¥ZT f22Y] #5718 5AZCE |9
gt ol7}k A= ACE UEETHZ=3.35, p<0.001). 5 3
3] ol A8H A #5718Y n|XE 52A7]E -5.72
(95% CIL: -7.82, -3.61)& A+ 279 $+5718Y
2 BAXORE Tt Zol7t Al A0 R U THZ=5.33,

ol A8 A9 53712

)
ol

h=:h
5

ﬂ

=

CL: -12.07,

p<0.001). FAZZ130] 125
ol v G 7]E -5.56 (95% CI: =7.49, -3.62)2
= AYdZT% 279 571842 FAZLE {F3t o]

1638

(95% CI: ~23.76, 3.58)2 LT 229 4378
o EAH0R G5 Aol Gl A0 Uehithz=1.45,

p=0.150) (719 2).

2) ST ZI30| O 27|20l D|X|= &t
SAZZIHC Fofet Az 2] oldr 1Y

of £4% A% 2559 4
.89, df=9 (p<0.001): I’=77%
2 Ueitth ojg7dedel mAE aut37]E -2.88 (95%
CL: =4.25, -1.52)2 Y77} 279 o|d7|EAe &
AHoZ R 2ol7t e AoZ YETH(Z=4.15,
p<0.001). 3Hd &5 - W5 - 2lo] 5 E} FA9] 4% 54
A AL Q (Chi)=4.23, df=3 (p=0.240); I’=29%= L}EF
. o] @l MR &27F7]E -0.09 (95% CI: -3.04,
2.80)2 ALT 229 578G BAHCRE {9
gk Zpol7} glis A2 & UETHZ=0.06, p=0.950). 34
29| 317} 3 33] vk A8H A o]y Egof n]
£ a937]= -4.55 (95% CIL: =7.00, —2.10)2 A&7} of
9] o]/ Ft2 BAHOE [O3t Ao|7} Y= AOE
Uebtth(Zz=3.64, p<0.001). 5 33| o]4 &5 A% o|&
718skel vA= &A%37]= -0.82 (95% CI: -3.35, 1.71)
2 A7 279 oYL BAHCE {2}
o|7} Q= Ao UEFGTtH(Z=0.64, p=0.530). FAZZ1

ol 125 ol A8d B¢ ol Al viXx a%a]

PN

£ -2.37 (95% CL: -3.61, -1.12)Z A%
H7EY2 BAHOE Rt Zpol7t Sl o Ueyitt
(Z=3.72, p<0.001). SAZZ 13| 65 J8H 7

o] A anta7le=
A g2 ol

-3.87 (95% CI: -13.10, 5.36)&
71892 EAHOo=Z 99]3t zjo|7}t
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, fixed, 95% CI 1V, fixed, 95% CI
11188
Kim (2011) [11] 143 16.55 12 140.74 14.25 12 0.8% 2.26 [-10.10, 14.62]
Kim S(2013) [13] 140.91 16.58 12 151 14.35 8 0.7% -10.09 [-23.76, 3.58]
Sonzt Kang (2010) [22] 133.11 6.36 18 134.11 6.02 18 7.4% -1.00 [-5.05, 3.05] —_—
Song £(2017) [14] 129.54 804 10 1338 549 10 3.3% -4.26[-10.29, 1.77] H
ShinZt Kwon (2018) [24] 116.76 9.45 17 121 7.33 14 3.5% -4.24 [-10.15, 1.67] —
U (2018 ) [20] 130.77 5.67 9 140 7.96 9 3.0% -9.23[-15.61, -2.85]
Lee (2012) [17] 124.35 14.06 20 135.3 12,57 20 1.8% -10.95[-19.22, -2.68]
Cho 5(2014) [16] 1376 86 18 1455 93 23 4.0% -7.90[-13.40, -2.40]
Ha 5(2018) [18] 135.53 9.86 19 148.67 11.28 15 2.3% -13.14[-20.37, -5.91]
Subtotal (95% Cl), 135 129 26.8% -5.62[-7.75, -3.49] <o
Heterogeneity: Chi"=15.03, df=8 (p=0.06); I'=47%
Test for overall effect: Z=5.17 (p<0.00001)
11288 227
Kwonz Park (2018) [10]  118.9 125 15 1252 15.1 12 1.1% -6.30[-16.93, 4.33] —
Kim 5(2020) [23] 129.38 15.04 24 141.16 19.85 19 1.1% -11.78 [-22.54, -1.02]
Kim (2016) [19] 133.5 15.32 9 149.75 28.49 9  0.3% -16.25[-37.38, 4.88] +
Sungzt Lee (2010) [21]  127.64 9.98 22 128.28 12.3 18 2.5% -0.64 [-7.69, 6.41] e m—
Lee (2007) [15] 136.22 15.9 18 147 155 13 1.0% -10.78 [-21.96, 0.40]
Chung@} Sung (2013) [25]136.83 20.38 12 138.58 19.02 12  0.5% -1.75[-17.52, 14.02]
Subtotal (95% CI) 100 83  6.3% -5.78[-10.17, -1.39] -
Heterogeneity: Chi2=5.21, df=5 (p=0.39); 1P=4%
Test for overall effect: Z=2.58 (p=0.010)
1.1.3 33| 0jgt
Kim (2011) [11] 143 16.55 12 140.74 14.25 12 0.8% 2.26 [-10.10, 14.62]
Kim 5(2020) [23] 129.38 15.04 24 141.16 19.85 19 1.1% -11.78 [-22.54, -1.02]
Kim (2016) [19] 1335 15.32 9 149.75 28.49 9  03% -16.25[-37.38,4.88]
Cho 5(2014) [16] 1376 86 18 1455 93 23  4.0% -7.90[-13.40, -2.40] _
Subtotal (95% CI)_ , 63 63 6.1% -7.62[-12.07,-3.17] -
Heterogeneity: Chi'=3.68, df=3 (p=0.30); I'=18%
Test for overall effect: Z=3.35 (p=0.0008)
1.1.4 F 33| 0|4
Kwonz} Park (2018) [10]  118.9 125 15 1252 15.1 12 1.1% -6.30[-16.93, 4.33] —
Kim £(2013) [13] 14091 1658 12 151 14.35 8 07% -10.09[-23.76,3.58]
Sungt Lee (2010)[21] 127.64 9.98 22 12828 123 18 25%  -0.64[-7.69, 6.41] _—
Sonzt Kang (2010) [22]  133.11  6.36 18 134.11 6.02 18 7.4% -1.00 [-5.05, 3.05] —_—
Song 5(2017) [14] 129.54 8.04 10 133.8 5.49 10 3.3% -4.26 [-10.29, 1.77] —
U (2018) [20] 130.77 5.67 9 140 7.96 9 3.0% -9.23[-15.61, -2.85]
Lee (2012) [17] 12435 1406 20 1353 1257 20  1.8% -10.95[-19.22, -2.68]
Lee (2007) [15] 136.22 15.9 18 147 155 13 1.0% -10.78 [-21.96, 0.40]
Chung2} Sung (2013) [25] 136.83 20.38 12 138.58 19.02 12 0.5% -1.75[-17.52, 14.02]
Cho £(2014) [16] 1376 86 18 1455 93 23  4.0% -7.90([-13.40, -2.40]
Ha 5(2018) [18] 135.53 9.86 19 148.67 11.28 15 2.3% -13.14[-20.37, -5.91]
Subtotal (95% CI)2 1273 158 27.5% -5.72[-7.82, -3.61] <
Heterogeneity: Chi =16.24, df=10 (p=0.09); I =38%
Test for overall effect: Z=5.33 (p<0.00001)
1.1.5 12F 0|4
Kwonz Park (2018) [10]  118.9 125 15 1252 15.1 12 1.1% -6.30[-16.93, 4.33] —
Kim (2011) [11] 143 16.55 12 140.74 14.25 12 0.8% 2.26[-10.10, 14.62]
Kim 5(2020) [23] 129.38 15.04 24 141.16 19.85 19 1.1% -11.78 [-22.54, -1.02]
Kim (2016) [19] 133.5 15.32 9 149.75 28.49 9 0.3% -16.25[-37.38,4.88] «
Sungt Lee (2010) [21]  127.64 9.98 22 128.28 123 18 2.5% -0.64 [-7.69, 6.41] e p—
Sonif Kang (2010) [22]  133.11  6.36 18 134.11 6.02 18 74% -1.00 [-5.05, 3.05] —
Song 5(2017) [14] 12954 804 10 1338 549 10 33% -4.26[-10.29, 1.77] —
Shint Kwon (2018) [24] 116.76 9.45 17 121 7.33 14 3.5% -4.24[-10.15, 1.67] E——
U (2018) [20] 130.77 5.67 9 140 7.96 9 3.0% -9.23[-15.61, -2.85]
Lee (2012) [17] 12435 1406 20 1353 1257 20  1.8% -10.95[-19.22, -2.68]
Lee (2007) [15] 13622 159 18 147 155 13  1.0% -10.78[-21.96,0.40]
Chung2} Sung (2013) [25] 136.83 20.38 12 138.58 19.02 12 0.5% -1.75[-17.52, 14.02]
Cho 5(2014) [16] 137.6 8.6 18 1455 9.3 23 4.0% -7.90[-13.40, -2.40]
Ha £(2018) [18] 13553 9.86 19 14867 1128 15  2.3% -13.14[-20.37, -5.91]
Subtotal (95% CI) 223 204 32.5% -5.56 [-7.49, -3.62] <&
Heterogeneity: Chi’=19.83, df=13 (p=0.10); I’=34%
Test for overall effect: Z=5.63 (p<0.00001)
1.1.6 63
Kim §(2013) [13] 140.91 16.58 12 151 14.35 8 0.7% -10.09 [-23.76, 3.58]
Subtotal (95% CI) 12 8 07% -10.09[-23.76,3.58] el
Heterogeneity: Not applicable
Test for overall effect: Z=1.45 (p=0.15)
Total 95% CI) 706 645 100.0% -5.79 [-6.89, -4.68] *
Heterogeneity: Chi =61.10, df=44 (p=0.04); |'=28% t t y t
-20 -10 0 20

Test for overall effect: Z=10.28 (p<0.0001)

Test for subgroup differences: Chi’=1 11, df=5 (p=0.95); 1?=0%

O3 2. FAZ 270 57184 vlA= el tiet He2 23

SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
15125
Kim (2011) [11] 83.75 6.91 12 9625 5.1 12 26% -12.50[-17.36, -7.64] —
Kim £(2013) [13] 79 13.25 12 8287 7.77 8 07%  -3.87[-13.10,5.36] ¢
Sonit Kang (2010)[22]  81.61 4.47 18 79.78 4.12 18  7.8% 1.83 [-0.98, 4.64] B BE——
Song 5(2017) [14] 80.62 3.64 10 8143 536 10 3.8% -0.81[-4.83, 3.21] —
ShinZt Kwon (2018) [24]  79.94  3.65 17 84.93 5 14 62% -4.99[-8.13,-1.85] _—
U (2018) [20] 75.77  6.72 9 8344 7.21 9 15% -7.67[-14.11,-123] ¢——
Lee (2012) [17] 72 579 20 8065 964 20 25% -865[-13.58, -3.72] ——
Lee (2007) [15] 80.38 13.39 18 84 667 13 12%  -3.62[-10.79,3.55] ¢
Cho £(2014) [16] 858 6.3 18 867 53 23 47% -0.90 [-4.53, 2.73] _—
Ha 5(2018) [18] 83.11 8.03 19 824 802 15 21% 0.71[-4.72, 6.14]
Subtotal (95% Cl) 153 142 33.1% -2.88[-4.25,-1.52] -

Heterogeneity: Chi’=38.89, df=9 (p<0.0001); I’=77%
Test for overall effect: Z=4.15 (p<0.0001)

15258 T2

Kim £(2020) [23] 7858 826 24 8226 863 19 24%  -3.68[-8.78,1.42]
Kim £(2020) [23] 7538 7.37 8 77.25 12.87 8 06% -1.87[-12.15841] <

SungZtLee (2010)[21] 7441 865 22 7344 655 18  2.8% 0.97 [-3.74, 5.68] e

Chungil Sung (2013) [25] 8245 82 12 7764 87 12 13% 4.81[-1.95,11.57] S
Subtotal (95% CI) 66 57  7.0%  -0.09[-3.04, 2.86] — T

Heterogeneity: Chi’=4.23, df=3 (p=0.24); I’=29%
Test for overall effect: Z=0.06 (p=0.95)

1.5.3 33| 0|t

Kim (2011) [11] 8375 691 24 9625 511 12 26% -1250[-17.36, -7.64] +—
Kim £(2020) [23] 78.58 8.26 8 8226 863 19 24% -3.68 [-8.78, 1.42]

Kim (2016) [19] 7538 7.37 22 7725 12.87 8 06% -1.87[-12.15,841] ¢

Cho £(2014) [16] 858 63 12 8.7 53 23 47% -0.90 [-4.53, 2.73] e
Subtotal (95% CI) 62 62 10.2% -4.55[-7.00, -2.10] il

Heterogeneity: Chi’=14.53, df=3 (p=0.002); I’=79%
Test for overall effect: Z=3.64 (p=0.0003)

1.5.4 33| 0|4}

Kim £(2013) [13] 79 1325 12 8287 7.7 8 07% -3.87[-13.10,5.36] ¢
SungitLee (2010)[21] 7441 865 22 7344 655 18  2.8% 0.97 [-3.74, 5.68]

U (2018) [20] 7577  6.72 9 8344 721 9 15% -7.67[-14.11,-123] ¢——

Lee (2007) [15] 80.38 1339 18 84 667 13 12% -3.62[-10.79,355 ¢

Chungil Sung (2013) [25] 8245 82 12 7764 87 12 13% 4.81[-1.95, 11.57] >
Ha £(2018) [18] 8311 803 19 824 802 15 21% 0.71[~4.72, 6.14]

Subtotal (95% CI) 92 75  9.6%  -0.82[-3.35,1.71] el

Heterogeneity: Chi2=8.87, df=5 (p=0.11); I2=44%
Test for overall effect: Z=0.64 (p=0.53)

1.5.5 123 0|4

Kim (2011) [11] 8375 691 12 9625 511 12 26% -12.50[-17.36, -7.64] +—
Kim 5(2020) [23] 7858 826 24 8226 863 19 24%  -3.68[-8.78, 1.42]

Kim (2016) [19] 7538 7.37 8 77.25 12.87 8 06% -1.87[-12.15,841] <

SungitLee (2010)[21] 7441 865 22 7344 655 18  2.8% 0.97 [-3.74, 5.68] _

SonitKang (2010)[22] 8161 447 18 7978 412 18 7.8% 1.83[-0.98, 4.64] —_

Song £(2017) [14] 8062 364 10 8143 536 10 3.8%  -0.81[-4.83 321] e

ShinZt Kwon (2018) [24]  79.94 365 17 84.93 5 14  62% -4.99[-8.13, -1.85] B

U (2018) [20] 7577  6.72 9 8344 721 9 15% -7.67[-14.11,-123] ¢——

Lee (2012) [17] 72 579 20 8065 9.64 20 25% -8.65[-13.58, -3.72] —————

Lee (2007) [15] 80.38 1339 18 84 667 13 12% -3.62[-10.79,3.55 ¢

Chungil Sung (2013) [25] 8245 82 12 7764 87 12 13% 4.81[-1.95,11.57] >
Cho 5(2014) [16] 858 63 18 867 53 23 47%  -0.90[-453 273] -

Ha 5(2018) [18] 8311 803 19 824 802 15 21% 0.71[-4.72, 6.14]

Subtotal (95% CI) 207 191 39.4%  -2.37[-3.61, -1.12] -

Heterogeneity: Chi-=45.86, df=12 (p<0.00001); I°’=74%
Test for overall effect: Z=3.72 (p=0.0002)

15.6 63
Kim £(2013) [13] 79 1325 12 8287 777 8 07% -3.87[-13.10,5.36] ¢
Subtotal (95% CI) 12 8 07% -3.87 [-13.10, 5.36] = —

Heterogeneity: Not applicable
Test for overall effect: Z=0.82 (p=0.41)

Total (95% CI) 592 535 100.0%  —2.46 [-3.25, -1.68] <

Heterogeneity: Chi2:119.74, df=37 (p<0.00001); I2:69% + + + +

Test for overall effect: Z=6.16 (p<0.00001) -4 -2 0

Test for subgroup differences: Chi2=7.36, df=5 (p=0.20); 1’=32% Favours [experimental]  Favours [control]

O3 3. FAZ=I70] ol el A& adte] gt HeHEA 23

SD=standard deviation, IV=inverse-variance, CI=confidence interval.

1640 www.phwr.org Vol 16, No 48, 2023


http://www.phwr.org

I Public Health Weekly Re.:uu’\

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
12128
Kuk (2020) [9] 179.63 31.1 8 194.25 52.95 8 0.3% -14.62[-57.17,27.93]
Kim (2011) [11] 111.66 27.39 12 132.83 1655 12 1.9% -21.17[-39.28, -3.06]
Kim 5(2013) [13] 125.58 40.8 12 143.62 45.71 12 0.5% -18.04 [-52.71, 16.63] ——
Kim2t Kim (2014) [12] 163.51 69.19 41 172.66 69.19 41 0.7% -9.15[-39.10, 20.80] —
Sonzt Kang (2010) [22] 129.69 26.31 18 148.91 46.1 18 1.0% -19.22 [-43.74, 5.30] —
Song 5(2017) [14] 116.01 8.57 10 148.08 10.29 10 8.9% -32.07 [-40.37, -23.77] —_—
Shin} Kwon (2018) [24] 144.71 10.65 17 142.86 8.56 14 13.4% 1.85[-4.91, 8.61] -1
U (2018) [20] 89.11 25.21 9 134.44 59.84 9 0.3% -45.33[-87.75,-291] ¢—m———
Lee (2012) [17] 109.64 36.31 20 132.93 68.62 20 0.5% -23.29[-57.31,10.73] —
Cho 5(2014) [16] 197.8 26.5 18 199.7 29.91 23 2.0% -1.90 [-19.20, 15.40] e m—
Ha 5(2018) [18] 11211 34,5 19 145 64.18 16 0.5% -32.89 [-67.96, 2.18] r
Subtotal (95% CI) 184 183 30.1% -12.88 [-17.39, -8.37] 3
Heterogeneity: Chi’=45.38, df=10 (p<0.00001); I’=78%
Test for overall effect: Z=5.60 (p<0.00001)
12288 o273
Kwon} Park (2018) [10] 196.9 28.1 15 200.3 26 12 1.5% -3.40 [-23.86, 17.06] —
Kim (2016) [19] 113.63 19.57 9 138 44.02 9 0.6% —-24.37 [-55.84, 7.10] —
SungtLee (2010) [21]  120.18 41.52 22 11522 4394 18  0.9% 4.96 [-21.74, 31.66] —
Lee (2007) [15] 180.88 94.74 18 206.3 99.42 13 0.1% -25.42[-94.96, 44.12] +
Chung} Sung (2013) [25] 164.82 69.29 12 153.55 92.29 12 0.1% 11.27 [-54.083, 76.57] >
Subtotal (95% C|)2 , 16 64 3.2% -5.41 [-19.23, 8.40] il
Heterogeneity: Chi =2.58, df=4 (p=0.63); I'=0%
Test for overall effect: Z=0.77 (p=0.44)
1.2.3 33| 0|2t
Kim (2011) [11] 111.66 27.39 12 132.83 16.55 12 1.9% -21.17[-39.28, -3.06]
Kim (2016) [19] 113.63 19.57 9 138 44.02 9 0.6% —-24.37 [-55.84, 7.10] —
Cho 5(2014) [16] 197.8 26.5 18 199.7 29.91 23 2.0% -1.90 [-19.20, 15.40] —_—
Subtotal (95% CI) 39 44 45% -12.91[-24.53,-1.28] i
Heterogeneity: Chi’=2.86, df=2 (p=0.24); I’=30%
Test for overall effect: Z=2.18 (p=0.03)
1.2.4 33| 0|4
Kuk (2020) [9] 179.63 31.1 8 194.25 52.95 8 0.3% -14.62[-57.17,27.93]
Kwon2} Park (2018) [10]  196.9 28.1 15 200.3 26 12 1.5% -3.40 [-23.86, 17.06] ——
Kim 5(2013) [13] 125.58 40.8 12 143.62 45.71 12 0.5% -18.04 [-52.71, 16.63] ——
Kimt Kim (2014) [12] 163.51 69.19 41 172.66 69.19 41 0.7% -9.15[-39.10, 20.80] —
SungtLee (2010) [21]  120.18 41.52 22 11522 4394 18  0.9% 4.96 [-21.74, 31.66] E—
Sonit Kang (2010) [22] 129.69 26.31 18 148.91 46.1 18 1.0% -19.22 [-43.74, 5.30] —
Song 5(2017) [14] 116.01 8.57 10 148.08 10.29 10 8.9% -32.07 [-40.37, -23.77] —
Shind} Kwon (2018) [24] 144.71 10.65 17 142.86 856 14 13.4% 1.85[-4.91, 8.61] ——
U (2018) [20] 89.11 25.21 9 134.44 59.84 9 0.3% -45.33[-87.75,-291] ¢—m—
Lee (2012) [17] 109.64 36.31 20 132.93 68.62 20 0.5% -23.29[-57.31,10.73] _—
Lee (2007) [15] 180.88 94.74 18 206.3 9942 13 0.1% -25.42[-94.96,44.12] +
Chung1} Sung (2013) [25] 164.82 69.29 12 153.55 92.29 12 0.1% 11.27 [-54.083, 76.57] >
Ha 5(2018) [18] 11211 345 19 145 64.18 16 0.5% -32.89[-67.96, 2.18] r
Subtotal (95% Cl) 221 203 28.8% -12.04[-16.66, -7.43] <&
Heterogeneity: Chi =46.09, df=12 (p<0.00001); I'=74%
Test for overall effect: Z=5.12 (p<0.00001)
1.2.5 125 0|4
Kuk (2020) [9] 179.63 31.1 8 194.25 52.95 8 0.3% -14.62[-57.17,27.93]
Kwon} Park (2018) [10] 196.9 28.1 15 200.3 26 12 1.5% -3.40 [-23.86, 17.06] —
Kim 5(2013) [13] 125.58 40.8 12 143.62 45.71 12 0.5% -18.04 [-52.71, 16.63] —
Kim (2016) [19] 113.63 19.57 9 138 44.02 9  06% -24.37[-55.84,7.10] —
Kim2} Kim (2014) [12] 163.51 69.19 41 172.66 69.19 41 0.7% -9.15[-39.10, 20.80] —
Sung?f Lee (2010) [21]  120.18 41.52 22 115.22 43.94 18 0.9% 4.96 [-21.74, 31.66] —
Sonzt Kang (2010) [22] 129.69 26.31 18 148.91 461 18 1.0% -19.22 [-43.74, 5.30] —
Song &(2017) [14] 116.01 8.57 10 148.08 10.29 10 8.9% -32.07 [-40.37, -23.77] —_—
Shin} Kwon (2018) [24] 144.71 10.65 17 14286 8.56 14 13.4% 1.85[-4.91, 8.61] -
U (2018) [20] 89.11 25.21 9 134.44 59.84 9  03% -4533[-87.75,-291] —m—
Lee (2012) [17] 109.64 36.31 20 132.93 68.62 20 0.5% -23.29[-57.31,10.73] _—
Lee (2007) [15] 180.88 94.74 18 206.3 99.42 13 0.1% -25.42[-94.96,44.12] +
Chung} Sung (2013) [25] 164.82 69.29 12 15355 9229 12  0.1%  11.27[-54.03, 76.57] >
Cho 5(2014) [16] 197.8 26.5 18 199.7 29.91 23 2.0% -1.90 [-19.20, 15.40] —_—
Ha 5(2018) [18] 11211 345 19 145 64.118 16 0.5% -32.89[-67.96, 2.18] r
Subtotal (95% Cl) 248 235 31.5% -11.63[-16.04, -7.21] <&
Heterogeneity: Chi =47.96, df=14 (p<0.0001); I'=71%
Test for overall effect: Z=5.16 (p<0.00001)
1.2.6 65
Kim (2011) [11] 111.66 27.39 12 132.83 16.55 12 1.9% -21.17 [-39.28, -3.06] e —
Subtotal (95% CI) 12 12 1.9% -21.17 [-39.28, -3.06] el
Heterogeneity: Not applicable
Test for overall effect: Z=2.29 (p=0.02)
Total (95% ClI) 780 741 100.0% -12.16 [-14.64, -9.69] *

Heterogeneity: Chi2=146.92, df=47 (p<0.00001); I2=68%

Test for overall effect: Z=9.63 (p<02.00001) )
Test for subgroup differences: Chi =2.04, df=5 (p=0.84); '=0%

78 4. FAZ 2 230 FHA L] vX L wte] vhat ek 2}
SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
13185
Kim (2011) [11] 91.75 5.1 12 945 395 12 24% -2.75[-6.40, 0.90] _—
Kim 5(2013) [13] 802 422 12 8581 15.18 8 03% -561[-16.40,5.18] ¢
Soni} Kang (2010)[22]  83.94 549 18 8539 484 18 28% -1.45[-4.83, 1.93] _
Song 5(2017) [14] 91.87 472 10 9491 45 10 2.0% -3.04 [-7.08, 1.00] _—
ShinZ} Kwon (2018) [24]  84.59  2.51 17 8676 3.09 14 80% -2.17[-4.18,-0.16] _—
U (2018) [20] 845 3.27 9 8722 348 9  33% -2.72[-5.84, 0.40] _
Lee (2012) [17] 90 312 20 946 467 20 53% -4.60[-7.06, -2.14] _
ChungZ} Sung (2013) [25] 90.82 648 12 89.92 4.81 12 15% 0.90 [-3.67, 5.47]
Cho 5(2014) [16] 876 118 18 897 98 23 07% -2.10[-8.86, 4.66]
Ha 5(2018) [18] 81.05 588 19 8247 4.21 15 2.8% -1.42[-4.82, 1.98] _
Subtotal (95% CI) 147 141 291%  -2.51[-3.56, -1.46] P 2

Heterogeneity: Chi’=6.23, df=9 (p=0.72); I’=0%
Test for overall effect: Z=4.68 (p<0.00001)

1328 220

Kwonit Park (2018)[10] 801 95 15 765 76 12 08%  3.60[-2.85,10.05] >
Kim (2016) [19] 84.13 557 9 8438 7.07 9  09%  -0.25[-6.13,5.63]

SungZtLee (2010)[21] 8541 7.49 22 9093 1276 18 07% -552[-12.19,1.15] <

Lee (2007) [15] 8736 447 18 863 704 13 17% 1.06 [-3.29, 5.41] —_—

Subtotal (95% Cl) 64 52 44% 0.09 [-2.70, 2.88] oot

Heterogeneity: Chi’=4.06, df=3 (p=0.26); I’=26%
Test for overall effect: Z=0.06 (p=0.95)

1.3.3 33| 0|2k

Kim (2011) [11] 9175 51 12 945 395 12 24%  -2.75[-6.40, 0.90] B
Kim (2016) [19] 84.13 557 9 8438 7.07 9 09%  -0.25[-6.13,5.63]

SungdfLee (2010)[21] 8541 7.49 22 9093 1276 18 0.7% -552[-12.19,1.15] <

Subtotal (95% Cl) 43 39 44%  -2.67 [-5.48,0.14] e

Heterogeneity: Chi’=1.35, df=2 (p=0.51); 1’=0%
Test for overall effect: Z=1.86 (p=0.06)

1.3.4 33| 04

Kwonit Park (2018)[10] 80.1 95 15 765 76 12 08%  3.60[-2.85,10.05] S
Kim 5(2013) [13] 802 422 12 8581 15.18 8 03% -561[-16.40,5.18] «

Soni}Kang (2010)[22]  83.94 549 18 8539 484 18 28%  -1.45[-4.83,1.93] B
Song 5(2017) [14] 9187 472 10 9491 45 10 20%  -3.04[-7.08,1.00] _
shinZt Kwon (2018) [24] 8459 251 17 8676 3.09 14  80% -2.17[-4.18, -0.16] _

U (2018) [20] 845 3.27 9 8722 348 9 33%  -272[-584,0.40] e

Lee (2012) [17] 9 312 20 946 467 20 53% -4.60[-7.06, -2.14] -

Lee (2007) [15] 87.36 447 18 863 7.04 13  17% 1.06 [-3.29, 5.41]

Chungt Sung (2013) [25] 90.82 648 12 89.92 481 12  15% 0.90 [-3.67, 5.47]

Cho £(2014) [16] 876 18 18 897 98 23 07%  -2.10[-8.86, 4.66]

Ha £(2018) [18] 8105 5838 19 8247 421 15 28%  -142[-4.82, 1.98] B
Subtotal (95% Cl) 168 154 29.2% -2.12[-3.17,-1.07] .

Heterogeneity: Chi’=11.72, df=10 (p=0.30); I’=15%
Test for overall effect: Z=3.95 (p<0.0001)

1.3.5 125 0|4

Kwonit Park (2018)[10] 80.1 95 15 765 76 12  0.8% 3.60 [-2.85, 10.05] S
Kim (2011) [11] 9175 51 12 945 395 12 24%  -2.75[-6.40, 0.90] _
Kim £(2013) [13] 802 422 12 8581 15.18 8 03% -561[-16.40,5.18] <

Kim (2016) [19] 84.13 557 9 8438 7.07 9 09%  -0.25[-6.13,563]

SungdfLee (2010)[21] 8541 7.49 22 9093 1276 18 0.7% -552[-12.19,1.15] <

SonitKang (2010)[22]  83.94 549 18 8539 484 18 28%  -1.45[-4.83,1.93] _
Song £(2017) [14] 9187 472 10 9491 45 10 20%  -3.04[-7.08,1.00] -
shinZt Kwon (2018) [24] 8459 251 17 8676 3.09 14  80% -2.17[-4.18, -0.16] _—

U (2018) [20] 845 3.27 9 8722 348 9  33%  -2.72[-5.84,0.40] _—

Lee (2012) [17] 90 312 20 946 467 20 53% -4.60[-7.06, -2.14] _—

Lee (2007) [15] 87.36 447 18 863 7.04 13  17% 1.06 [-3.29, 5.41]

Chung®} Sung (2013) [25] 90.82 648 12 89.92 481 12  15% 0.90 [-3.67, 5.47]

Cho 5(2014) [16] 876 118 18 897 98 23 07%  -2.10[-8.86,4.66]

Ha 5(2018) [18] 8105 588 19 8247 421 15 28%  -1.42[-4.82,1.98] B —
Subtotal (95% Cl) 211 193 33.2%  -2.19[-3.17, -1.20] P

Heterogeneity: Chi’=13.20, df=13 (p=0.43); I’=1%
Test for overall effect: Z=4.35 (p<0.0001)

1.3.6 6%
Kim 5(2013) [13] 802 422 12 8581 15.18 8 03% -561[-16.40,5.18] +
Subtotal (95% CI) 12 8 03% -5.61[-16.40,5.18] EEEE—

Heterogeneity: Not applicable
Test for overall effect: Z=1.02 (p=0.31)

Total (95% CI) 645 587 100.0%  -2.20 [-2.76, -1.63] <

Heterogeneity: Chi'=39.98, df=42 (p=0.56); I '=0% . N N .

Test for overall effect: Z=7.59 (p<0.00001) R 4 -2 0 2 4
Test for subgroup differences: Chi'=3.43, df=5 (p=0.63); I =0% Favours [experimental] Favours [control]

J8 6. A= I70] sl vlA= Aol tigt e A A3

SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
14125
Kim (2011) [11] 88.66 35.38 12 85.83 16.55 12 0.3% 2.83[-19.27, 24.93] 4
Kim 5(2013) [13] 80.75 11.6 12 98.37 18.62 8 0.7% -17.62[-32.10, -3.14] ¢——
Kim 5(2020) [23] 116.5 38.5 24 118 23 19 0.4% -1.50 [-20.05, 17.05]
Kimt Kim (2014) [12] 110.82 17.95 41 114.03 26.71 41 1.6% -3.21[-13.06, 6.64]
Sonit Kang (2010) [22] 101.44 5.53 18 101.44 553 18 11.6% 0.00[-3.61, 3.61] —_—
Song §(2017) [14] 100.34 19.85 10 106.13 14.16 10 0.7% -5.79[-20.90, 9.32] +
Shinzt Kwon (2018) [24] 92.47 8.87 17 9464 5.71 14 57% -2.17 [-7.34, 3.00] E— —
U (2018) [20] 97 13.37 9 125 16.03 9 0.8% -28.00[-41.64, -14.36] +——
Lee (2012) [17] 89.21 11.77 20 100.03 9.19 20 35% -10.82[-17.36, -4.28]
Ha 5(2018) [18] 97.42 9.63 19 104.33 20.09 15 1.5% -6.91 [-17.96, 4.14]
Subtotal (95% CI) 182 166  26.6% -3.89 [-6.28, -1.50] -
Heterogeneity: Chi’=25.43, df=9 (p=0.003); I°=65%
Test for overall effect: Z=3.19 (p=0.001)
142 23t o273
Kwon1} Park (2018) [10] 942 98 15 994 98 12 2.7% -5.20 [-12.64, 2.24] —
Kim (2016) [19] 115.25 13.26 8 142.63 18.86 8 0.6% -27.38[-43.36, -11.40] ¢——
Sungi} Lee (2010) [21]  117.41 26.69 22 139.5 44.13 18 0.3% -22.09 [-45.33, 1.15] +
Lee (2007) [15] 102.5 284 18 107.3 193 13 0.5% -4.80 [-21.60, 12.00] +«
Chungd} Sung (2013) [25] 108 946 23 115 1239 23 Not estimable
Subtotal (95% CI)_ , 63 51 4.2% -9.46 [-15.51, -3.42] — T
Heterogeneity: Chi"=7.52, df=3 (p=0.06); I =60%
Test for overall effect: Z=3.07 (p=0.002)
1.4.3 33| 0|2k
Kim (2016) [19] 115.25 13.26 8 142.63 18.86 8 0.6% -27.38[-43.36, -11.40] ——
Sungd} Lee (2010) [21]  117.41 26.69 22 139.5 44.13 18 0.3% —-22.09[-45.33, 1.15] «
Ha 5(2018) [18] 83.11 8.03 19 824 8.02 15 5.1% 0.71[-4.72,6.14] e
Subtotal (95% CI).2 249 4 6.0% -3.13 [-8.15, 1.89] ‘»
Heterogeneity: Chi"=13.33, df=2 (p=0.001); I'=85%
Test for overall effect: Z=1.22 (p=0.22)
1.4.4 35| 0|4
Kim £(2013) [13] 80.75 116 12 98.37 18.62 8 0.7% -17.62[-32.10, -3.14] +—m——————
SonZt Kang (2010) [22] 101.44 553 18 101.44 553 18  11.6% 0.00 [-3.61, 3.61] —_—
Song £(2017) [14] 100.34 19.85 10 106.13 1416 10  0.7% -5.79[-20.90, 9.32] <
Shind} Kwon (2018) [24] 92.47 8.87 17 9464 571 14 57% -2.17 [-7.34, 3.00] —_—T
U (2018) [20] 97 13.37 9 125 16.03 9 0.8% -28.00 [-41.64, -14.36] +——
Lee (2012) [17] 89.21 11.77 20 100.03 9.19 20 3.5% -10.82[-17.36, -4.28]
Lee (2007) [15] 102.5 284 18 107.3 193 13 0.5% -4.80 [-21.60, 12.00] +
Chung®t Sung (2013)[25] 108 946 23 115 1239 23  37% -7.00[-13.37, -0.63]
Ha 5(2018) [18] 97.42 9.63 19 104.33 20.09 15 1.2% -6.91[-17.96, 4.14]
Subtotal (95% CI), 146 130  28.6%  -4.46 [-6.77, -2.16] -
Heterogeneity: Chi"=25.69, df=8 (p=0.001); I'=69%
Test for overall effect: Z=3.79 (p=0.0001)
145125014
Kwon} Park (2018) [10] 942 98 15 994 9.8 12 2.7% -5.20 [-12.64, 2.24] —
Kim (2011) [11] 88.66 35.38 21 85.83 16.55 12 0.3% 2.83[-19.27, 24.93] >
Kim &5(2020) [23] 116.5 38.5 24 118 23 19 0.4% -1.50 [-20.05, 17.05]
Kim (2016) [19] 115.25 13.26 8 142.63 18.86 8 0.6% -27.38[-43.36, -11.40] ¢—
Kimt Kim (2014) [12] 110.82 17.95 41 114.03 26.71 41 1.6% -3.21[-13.06, 6.64]
Sungi} Lee (2010) [21]  117.41 26.69 22 139.5 44.13 18 0.3% —-22.09[-45.33, 1.15] +
Sonit Kang (2010) [22] 101.44 5.53 18 101.44 553 18 11.6% 0.00 [-3.61, 3.61] s a—
Song §(2017) [14] 100.34 19.85 10 106.13 14.16 10 0.7% -5.79[-20.90, 9.32] +
Shinzt Kwon (2018) [24]  92.47 8.87 17 9464 5.71 14 57% -2.17 [-7.34, 3.00] E— —
U (2018) [20] 97 13.37 9 125 16.03 9 0.8% -28.00[-41.64, -14.36] +——
Lee (2012) [17] 89.21 11.77 20 100.03 9.19 20 35% -10.82[-17.36, -4.28]
Lee (2007) [15] 1025 284 18 107.3 193 13  05%  -4.80[-21.60, 12.00] <
Chung®t Sung (2013) [25] 108 9.46 23 115 12.39 23 3.7%  -7.00[-13.37, -0.63]
Ha £(2018) [18] 9742 963 19 10433 2009 15  12% -6.91[-17.96, 4.14]
Subtotal (95% CI) 256 232 33.8%  -4.63[-6.74, -2.51] -
Heterogeneity: Chi =33.22, df=13 (p=0.002); I’=61%
Test for overall effect: Z=4.28 (p<0.0001)
1.4.6 65
Kim 5(2013) [13] 80.75 11.6 12 98.37 18.62 8 0.7% -17.62[-32.10, -3.14] ¢———
Subtotal (95% CI) 12 8  0.7% -17.62[-32.10, -3.14] EEE—
Heterogeneity: Not applicable
Test for overall effect: Z=2.39 (p=0.02)
Total (95% CI) 708 628 100.0%  -4.59 [-5.82, -3.35] &
Heterogeneity: Chi’=111.47, df=40 (p<0.00001); I'=64% ) ) ) )
Test for overall effect: Z=7.29 (p<0.00001) 220 ~10 0 10 20

Test for subgroup differences: Chi’=6.28, df=5 (p=0.28); I’=20.4%

SD=standard deviation, IV=inverse-variance, CI=confidence interval.

1644
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Favours [experimental]

Favours [control]
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
16185
Kuk (2020) [9] 46.75 7.29 8 46.38 14.51 8 0.4% 0.37[-10.88, 11.62] ¢ »
Kim (2011) [11] 52.41 13.11 12 4991 519 12 0.9% 2.50 [-5.48, 10.48] »
Kim £(2013) [13] 59.33 14.96 12 57.62 8.66 8 0.5% 1.71[-8.67, 12.09] »
Kim} Kim (2014) [12] 4895 816 41 4734 873 M 4.2% 1.61[-2.05, 5.27] —
Soni} Kang (2010) [22]  50.58 5.91 18 49.08 7.08 18 3.1% 1.50 [-2.76, 5.76] —
Song 5(2017) [14] 53.94 75 10 5549 8.12 9 1.1% -1.55[-8.60, 5.50]
ShinZf Kwon (2018) [24]  51.29 3.04 17 49.07 312 14 11.9% 2.22[0.04, 4.40] —
U (2018) [20] 5411 7.63 9 60.88 6.67 9 13% -6.77[-13.39, -0.15] —————
Lee (2012) [17] 576 884 20 498 944 20 1.8% 7.80[2.13,13.47] _
Cho 5(2014) [16] 487 97 18 407 86 23 1.7% 8.00 [2.31, 13.69] _
Ha §(2018) [18] 53.63 83 19 56.67 9.33 15 1.6% -3.04 [-9.06, 2.98]
Subtotal (95% CI) 184 177 28.6% 1.87 [0.47, 3.28] R

Heterogeneity: Chi’=18.90, df=10 (p=0.04); I’=47%
Test for overall effect: Z=2.61 (p=0.009)

162 53 Z2 74

Kim (2016) [19] 58.25 13.49 8 5125 11.14 8 04% 7.00 [-5.12, 19.12] N
SungdfLee (2010)[21] 4567 639 22 46.16 7.91 18  2.8% -0.49 [-5.02, 4.04] -

Lee (2007) [15] 1025 284 18 107.3 193 13  02% -4.80[-2160,12.00] ¢ >
Chungi} Sung (2013) [25] 44 952 12 4392 598 12 14% 0.08 [-6.28, 6.44]

Subtotal (95% Cl) 60 51 47% 0.10 [-3.35, 3.56] —

Heterogeneity: Chi’=1.64, df=3 (p=0.65); I’=0%
Test for overall effect: Z=0.06 (p=0.95)

1.6.3 33| 0|t

Kim (2011) [11] 5241 1311 12 4991 519 12 09% 2.50 [-5.48, 10.48] »
Kim (2016) [19] 58.25 13.49 8 51.25 11.14 8  04% 7.00 [-5.12, 19.12] »
Cho £(2014) [16] 487 97 18 407 86 23 17% 8.00 [2.31, 13.69] —_
Subtotal (95% CI) 38 43 3.0% 6.25 [1.92, 10.58] e
Heterogeneity: Chi’=1.23, df=2 (p=0.54); 1’=0%

Test for overall effect: Z=2.83 (p=0.005)

1.6.4 33| O|&

Kuk (2020) [9] 46.75 7.29 8 46.38 14.51 8  04% 0.37[-10.88, 11.62] ¢ >
Kim S(2013) [13] 59.33 1496 12 57.62 8.66 8  05% 1.71[-8.67, 12.09] >
Kim2} Kim (2014) [12] 4895 816 41 4734 873 41 42% 1.61[-2.05, 5.27] —

SungZfLee (2010) [21] 4567 6.39 22 4616 7.91 18  2.8% -0.49 [-5.02, 4.04] _

Soni} Kang (2010) [22] ~ 50.58 5.91 18 49.08 7.08 18  3.1% 1.50 [-2.76, 5.76] —

Song £(2017) [14] 5394 75 10 5549 8.12 9 11% -1.55 [-8.60, 5.50]

ShinZ} Kwon (2018) [24] 5129 3.04 17 4907 312 14  11.9% 2.22[0.04, 4.40] —

U (2018) [20] 5411 7.63 9 60.88 6.67 9 13% -6.77[-13.39,-0.15] —mM8M—————

Lee (2012) [17] 576 884 20 498 944 20  1.8% 7.80[2.13, 13.47] _—
Lee (2007) [15] 1025 284 18 107.3 193 13  02% -4.80[-21.60,12.00]  + >
ChungZ} Sung (2013) [25] 44 952 12 4392 598 12  14% 0.08 [-6.28, 6.44]

Ha £(2018) [18] 5363 83 19 5667 933 15  1.6% -3.04 [-9.06, 2.98]

Subtotal (95% CI), 206 185  30.3% 1.16 [-0.20, 2.53] -

Heterogeneity: Chi'=15.34, df=11 (p=0.17); I'=28%

Test for overall effect: Z=1.67 (p=0.10)

1.6.5 125 0|4

Kuk (2020) [9] 46.75 7.29 8 46.38 14.51 8  04% 0.37[-10.88, 11.62] ¢ »
Kim (2011) [11] 5241 1311 12 4991 519 12 09% 2.50 [-5.48, 10.48] »
Kim (2016) [19] 58.25 13.49 8 51.25 11.14 8  04% 7.00 [-5.12, 19.12] »
Kim2} Kim (2014) [12] 48.95 816 41 4734 873 41 4.2% 1.61[-2.05, 5.27] —

Sung®tLee (2010)[21] 4567 6.39 22 4616 7.91 18  2.8% -0.49 [-5.02, 4.04] _

Soni} Kang (2010) [22] ~ 50.58 5.91 18 49.08 7.08 18  3.1% 1.50 [-2.76, 5.76] —

Song £(2017) [14] 5394 75 10 5549 8.12 9 11% -1.55[-8.60, 5.50]

ShinZ} Kwon (2018) [24]  51.29 3.04 17 4907 312 14  11.9% 2.22[0.04, 4.40] —

U (2018) [20] 5411 7.63 9 60.88 6.67 9 13% -6.77[-13.39,-0.15] —mM8M

Lee (2012) [17] 576 884 20 498 944 20  1.8% 7.80[2.13, 13.47] _—
Lee (2007) [15] 1025 284 18 1073 193 13  02% -4.80[-21.60,12.00] ¢ >
ChungZ} Sung (2013) [25] 44 952 12 4392 598 12  1.4% 0.08 [-6.28, 6.44]

Cho £(2014) [16] 487 97 18 407 86 23  17% 8.00 [2.31, 13.69] —_—
Ha 5(2018) [18] 5363 83 19 5667 933 15  1.6% -3.04 [-9.06, 2.98]

Subtotal (95% Cl) 232 220 32.8% 1.62[0.31, 2.93] R

Heterogeneity: Chi’=21.40, df=13 (p=0.07); ’=39%

Test for overall effect: Z=2.42 (p=0.02)

1.6.6 63

Kim S(2013) [13] 59.33 1496 12 57.62 8.66 8  05% 1.71[-8.67, 12.09] »
Subtotal (95% CI) 12 8  05% 1.71 [-8.67, 12.09] ———————

Heterogeneity: Not applicable
Test for overall effect: Z=0.32 (p=0.75)

Total (95% Cl) ) 132 684 100.0% 1.62[0.87, 2.37] L 2
Heterogeneity: Chi =64.20, df=44 (p=0.02); I =31% + + + ;

Test for overall effect: Z=4.23 (p<02.0001) ) -4 -2 0

Test for subgroup differences: Chi'=5.70, df=5 (p=0.34); I'=12.2% Favours [experimental] Favours [control]

237 FAn2 290 TUEAGRS Y AL So] v A& wao] e vEHEA Azt

SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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Effective Interventions for Metabolic Syndrome in the Elderly:
A Systematic Review and Meta—analysis

Seo-hyun Lee'", Seul Goo'", Yu-mi Seo', Sun-hwa Ban?*

'Division of Chronic Disease Investigation, Gyeongbuk Regional Center for Disease Control and Prevention, Korea Disease Control and
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ABSTRACT

In the Republic of Korea, the elderly population is increasing every year and, as we move toward becoming a super-aging
society, it is of utmost importance to manage metabolic syndrome, which is the cause of chronic diseases in the elderly
population. Metabolic syndrome can be considered a lifestyle disease and needs to be approached from various aspects,
including diet, exercise, smoking cessation, and moderation in drinking. In order to reduce metabolic syndrome symptoms
in the elderly population, a systematic literature review and meta-analysis were conducted focusing on domestic experimental
studies developed so far. This study analyzed 17 intervention studies through a systematic literature review and meta-analysis
conducted to integrate and analyze the results of experimental studies that identified the effects of intervention programs
implemented on seniors aged 65 years or older on metabolic syndrome indicators. Exercise programs and complex interventions
were analyzed. These exercises and combined interventions were confirmed to be effective on metabolic syndrome indicators
such as blood pressure, neutral fat, high-density lipoprotein cholesterol, waist circumference, and fasting blood sugar. It was
confirmed that an intervention lasting more than 12 weeks was more effective for metabolic syndrome indicators in the elderly
than a 6-week intervention. Based on the results of this study, it can be used as basic data for the development of future

intervention programs by reflecting effective factors in metabolic syndrome indicators in the elderly population.

Key words: Aged; Metabolic syndrom; Exercise; Diet
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Introduction

The population projections by Statistics Korea suggest
that given the annual increase in the elderly population aged
>05 years in the Republic of Korea, accounting for 18.4%
(9,499,933) of the total population, the country is rap-

idly moving toward a super-aging society [1]. The elderly

1650

dependency ratio is defined as the number of older individuals
aged 065 years per 100 persons of working age; in 2023, this
ratio was 20.1. An increase in the elderly population has been a
huge social and financial burden [1].

Metabolic syndrome (MetS) increases the risk of chronic
illnesses that threaten the health of older adults and increase

the mortality rate. MetS is closely associated with multiple

www.phwr.org Vol 16, No 48, 2023
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Key messages
(D What is known previously?

Metabolic syndrome management is very important to
maintain and improve the quality of life of the elderly
population.

(@ What new information is presented?

It was confirmed that it was effective in improving the
metabolic syndrome index of the elderly population
when applying intervention programs such as walk-
ing exercise and underwater exercise for more than 12
weeks.

® What are implications?

When developing an intervention program for improv-
ing metabolic syndrome in the elderly, it will be neces-
sary to consider the matters identified in this study.

metabolic problems and insulin resistance, leading to various
chronic conditions such as elevated triglycerides, low high-
density lipoprotein cholesterol (HDL-C) levels, hyperten-
sion, and diabetes accompanying abdominal obesity [2]. The
MetS diagnostic criteria used in Eastern countries are different
from those used in Western countries. However, the criteria
are waist circumference (=90 c¢cm for male and >80 cm for fe-
male), triglyceride level >150 mg/dl, low HDL-C level (<40 mg/dl
for male and <50 mg/dl for female), fasting glucose level =100
mg/dl, systolic blood pressure (SBP) 2130 mmHg, and diastol-
ic blood pressure (DBP) 285 mmHg [3]. As MetS can be man-
aged by a healthy diet and regular exercise [3], it is necessary
to determine which intervention programs would decrease
the symptoms of MetS in older adults. The prevalence of MetS
differs greatly depending on region and ethnicity [4]. The dif-
ference in the MetS diagnostic criteria can be attributed to the

different cultures and lifestyles [3]. As there is a difference in

www.phwr.org Vol 16, No 48, 2023

the MetS diagnostic criteria between the Eastern and Western
countries owing to the difference in lifestyle, the effects of in-
terventions that best suit our society should be investigated
through a systemic literature review and meta-analysis, focus-
ing on domestic studies for management of MetS.

In this systemic literature review and meta-analysis, we
aimed to analyze the effects of intervention programs (exercise,
counseling, and education) implemented on older adults aged
=065 years on MetS indicators (i.e., blood pressure, triglycer-

ides, HDL-C, waist circumference, and fasting glucose).

Methods

1. Study design

In this systemic literature review and meta-analysis, we in-
tegrated and analyzed the results of experimental studies that
identified the effects of intervention programs implemented on

seniors aged =65 years on MetS indicators.

2. Key questions

To define specific systemic literature review questions,
this study used the Patient, Intervention, Comparison, and
Outcome model. Cases of adult patients aged =65 years were
considered. Exercise and combined interventions (exercise,
education, and counseling) were set as interventions. We con-
ducted a comparison among the no treatment control, pla-
cebo, and alternative groups. Outcome was set for the SBP,
DBP, triglycerides, HDL-C, fasting glucose levels, and waist

circumference.
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3. Study search and selection

1) Study search

A search was conducted on June 15-30, 2023, and studies
that analyzed the effects of intervention programs on MetS in-
dicators in older adults aged >65 years as the primary objective
were searched. Korean studies were obtained using search en-
gines, including Research Information Sharing Service (RISS),
Korean Studies Information Service System (KISS), Korean
Medical database (KMbase), and National Digital Science
Library (NDSL). In addition, nursing-related society websites,
such as the Korean Society of Nursing Science, Korean Society
of Adult Nursing, Korean Society of Women Health Nursing,
and Korean Academy of Community Health Nursing, were
used to search the entire literature. To search all studies, the
study periods were not limited. Only human studies and
Korean and English studies were included. The keywords for
patient were “older adults,” OR “aged 65 years or older,” OR
“MetS,” OR “abdominal obesity,” OR “hyperlipidemia,” OR
“hypertension,” OR “diabetes mellitus,” OR “metabolic disor-
ders.” The keywords for intervention were “exercise,” OR “diet,”
OR “education,” OR “counseling,” OR “intervention,” OR
“program,” OR “yoga,” OR “stretching,” OR “muscle strength-
ening,” OR “meditation,” OR “relaxation,” OR “breathing,” OR
“psychosocial intervention,” OR “pool exercise,” OR “biofeed-
back.” The keywords for outcome were “fasting glucose,” OR
“waist circumference,” OR “blood pressure,” OR “triglycerides,”
OR “HDL cholesterol.” Patient, intervention, and outcomes

were searched by using AND between the keywords.

2) Study selection

The inclusion criteria were (1) interventional studies in
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older adults aged 265 years, (2) studies that reported end-
points for MetS indicators (i.e., blood pressure, triglycerides,
HDL-C, fasting glucose, and waist circumference), (3) experi-
mental studies, (4) and studies published in society or theses.
The exclusion criteria were (1) studies that did not include
adults aged =05 years or older, (2) traditional Korea medicine
theses (3) case studies, (4) literature reviews, (5) and pilot stud-
ies of other studies.

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Review and Meta-Analysis
guidelines [5], and a flowchart was used to describe the study
selection process per each step (Figure 1). In the first study
selection process, 158, 0, 2, 8, and 56 studies were obtained
from the RISS, NDSL, KISS, KMbase, and nursing academic
journals, respectively. Of the obtained studies, 598 with du-
plicated data were excluded by Legacy RefWorks (ProQuest
LLC.), and a total of 126 studies remained. Titles and abstracts
were reviewed according to the inclusion and exclusion crite-
ria, and 57 studies that did not meet the study objectives were
excluded first. Articles of the remaining studies were reviewed
thoroughly, and 69 studies, which did not meet the inclusion
criteria, were excluded. In total, 17 studies were finally selected.

Two authors selected and reviewed the studies. Each author
independently reviewed the studies and tabulated the results.
Meetings were held twice a week to review the results, and the
two authors conducted a cross review on the selected studies.
A difference of opinion between the two authors was resolved

through their review and discussion until they met agreement.

4. Quality assessment
As the studies selected in this study are experimental stud-

ies, quality assessment for non-randomized controlled trials
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Records identified through
T Korean database searching (n=224)
Identification 224 from RISS (158), NDSL (0), KISS (2), KMbase (8),
Korean nursing journals, academic journals, etc. (56)

v

v

98 Records after duplicates removed
(n=126)
Screening ¢
Records screened — Records excluded by title
(n=69) & abstract review (n=57)

Studies assessed
Eligibility for eligibility —>
(n=17)

52 Records excluded as follows:

- No participants matching
inclusion criteria (n=27)

- No intervention matching
inclusion criteria (n=11)

- No measure outcomes (n=11)

- No matching study design
criteria (n=3)

Studies included in
quantitative synthesis
(meta-analysis)
(n=17)

Included

was conducted using the Risk Of Bias In Non-randomized
Studies Of Interventions tool (ROBINS-I) [6]. Two authors in-
dependently assessed the quality of the included articles and in-
tegrated. If there is any disagreement between the two authors,
agreement was reached by discussion. ROBINS-I was used to
assess risk of bias owing to confounders, bias in patient selec-
tion, bias in intervention classification, bias in intended de-
viation from intervention, bias related to missing data, bias in
outcome measurement, and bias in selection of reported study
results, and in this regard, the risk of bias in entire studies was

assessed.

www.phwr.org Vol 16, No 48, 2023

Figure 1. Flow diagram of study
selection.

RISS=Research Information Sharing
Service; NDSL=National Digital Science
Links; KISS=Korean Studies Information
Service System; KMbase=Korean Medical

database.

5. Data extraction

Characteristics of studies included in the systemic literature
review were analyzed to extract data regarding authors, date of
publish, sample size, methods and frequency of interventions

used for the experimental and control groups, and endpoints.

6. Data analysis

Effect size of interventions included in the selected stud-
ies and homogeneity were analyzed using review manager
(RevMan) 5.3 version of Cochrane. For key variables, null hy-
pothesis test of chi-squared was conducted for heterogeneity. If

I* was 0%, they were homogenous. If I was 30-60% or >75%,
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they were moderate or greatly heterogeneous, respectively [7].
In this study, for moderate or lower heterogeneity, the effect
size was calculated using the fixed-effect model. If there was
a great heterogeneity, the effect size was calculated and ana-
lyzed using the random-effect model. For large heterogeneity,
sensitivity analyses were conducted to assess the robustness of
the findings [8]. Forest plots were used to demonstrate the di-
rection and confidence interval (CI) of effects. For the effect
size of findings, the standardized mean difference was used to
present continuous variables, and odds ratio, the ratio of the
incidence of specific events to the absence of specific events be-
tween two groups, was used to present dichotomous variables.
A significance level for the effect size was 0.05, and the 95% CI
was used. Publication bias was analyzed by the funnel plot and

tested using Egger’s linear regression asymmetry test.

7. Ethical considerations
This is a systemic literature review and meta-analysis that
does not include human participants. Thus, it was exempted

from review.

Results

1. Quality assessment

ROBINS-I tool was used to assess the quality of the 17 arti-
cles of non-randomized experimental trials. Quality assessment
for the experimental studies showed that there were 10 stud-
ies (58.8%) with high risk of bias owing to confounders, eight
studies (47.0%) with high risk of bias in intervention outcome
measurement, and eight studies (47.0%) with high risk of bias
in participant selection. The risks of bias in intended deviation

from intervention and classification, bias related to missing
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values, and bias in outcome measurement were all assessed as
‘low risk of bias.” Accordingly, 12 studies (70.5%) were deter-
mined to have ‘high risk of biases’ in at least one item among
seven items, showing an overall risk of bias. As no studies had
been determined to have ‘significantly high risk of biases,” we

included all studies for analyses.

2. Endpoints and effect size of studies included
in systemic literature review
Table 1 [9-25] shows the analysis and comparison of the
effects of intervention programs on MetS indicators in older

adults aged >065 years.

1) Effects of intervention programs on SBP

Of the studies that reported the SBP levels of the partici-
pants in the experimental and control groups who were in-
volved in the intervention programs, studies composed of
exercise-only program and combined intervention (exercise/
education/diet) were selected and analyzed. Homogeneity test-
ing for the exercise-only program yielded Q (Chi*)=15.03,
df=8 (p=0.060); I’=47%. The effect size of the SBP was —5.62
(95% CI: -7.75 to -3.49), showing that the SBP levels between
the experimental and control groups were significantly dif-
ferent (Z=5.17, p<0.001). However, homogeneity testing for
combined intervention (exercise/education/diet) yielded Q
(Chi®)=5.21, df=5 (p=0.39); I’=4%. The effect size of the SBP
was -5.78 (95% CI: -10.17 to -1.39), showing that the SBP
levels between the groups were significantly different (Z=2.58,
p=0.010). When the intervention programs were conduct-
ed twice or less per week, the effect size of the SBP levels was
-7.62 (95% CI: -12.07 to -3.17), demonstrating a signifi-
cant difference in the SBP levels between the groups (Z=3.35,
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Table 1. Characteristics of included studies (n=17)

Author (yr)

Sample size (n)

Type of treatment

Number of sessions,
intervention duration (wk),
session duration (hr)

Metabolic syndrome
indicator

Kim et al. (2020) [23]

Son and Kang (2010) [22]
Kim (2011) [11]
Kim et al. (2013) [13]

Song et al. (2017) [14]

Sung and Lee (2010) [21]
Cho et al. (2014) [16]

Lee (2007) [15]

Kim and Kim (2014) [12]
Kuk (2020) [9]
Lee (2012) [17]

Ha et al. (2018) [18]

U (2018) [20]

Kim (2016) [19]

Shin and Kwon (2018) [24]

Kwon and Park (2018) [10]

Chung and Sung (2013) [25]

Exp. (n=24)
Cont. (n=19)

Exp. (n=18)

Exp. (n=12)
Cont. (n=12)
Exp. (n=12)
Cont. (n=8)
Exp. (n=10)
Cont. (n=10)
Exp. (n=17)
Cont. (n=14)
Exp. (n=15)
Cont. (n=12)
Exp. (n=22)
Cont. (n=18)
Exp. (n=18)
Cont. (n=23)
Exp. (n=18)
Cont. (n=13)
Exp. (n=23)
Cont. (n=23)

Exp. (n=41)

Exp. (n=8)
Cont. (n=8)
Exp. (n=20)
Cont. (n=20)
Exp. (n=20)
Cont. (n=20)

Exp. (n=9)
Cont. (n=9)
Exp. (n=9)
Cont. (n=9)

BeHaS$ program -

education, counseling,

exercise
Resistance exercise
training

Dance program

Combined exercise
program

Aquarobics exercise
Korean dance

Muscle strength
exercise, counseling

Walking, education
Line dance

Walking, education,
counseling

U-health system
exercise, counseling,
monitor

Aquarobics exercise

Underwater exercise
program

Step box, muscle
strength exercise

Aquarobics exercise,
muscle strength
exercise

Yoga exercise

Diet, exercise (walking,
muscle strength)
combined exercise

Once a week,
12 weeks, 60 minutes

3 times a week,
12 weeks, 60 minutes
twice a week,
26 weeks, 90 minutes
3 times a week,
6 weeks, 80 minutes
3 times a week,
12 weeks, 60 minutes
3 times a week,
12 weeks, 60 minutes
3 times a week, 12 weeks,
40—-60 minutes
3 times a week,
12 weeks, 50 minutes
twice a week,
12 weeks, 60 minutes
3 times a week, 12 weeks,
50-60 minutes
12 weeks

3 times a week,
20 weeks, 50 minutes
4 times a week,
20 weeks, 60 minutes
3 times a week, 12 weeks,
35-45 minutes
3 times a week,
12 weeks, 60 minutes

5 times a week,

12 weeks, 60 minutes
Twice a week,

12 weeks, 60 minutes

BP, FBS, triglyceride

WC, BP, FBS,
triglyceride, HDL-C
WC, BP, FBS,
triglyceride, HDL-C
WC, BP, glucose,
triglyceride, HDL-C
WC, BP, glucose,
triglyceride, HDL-C
WC, BP, FBS,
triglyceride, HDL-C
WC, BP, FBS,
triglyceride
WC, BP, FBS,
triglyceride, HDL-C
WC, BP, FBS,
triglyceride, HDL-C
WC, BP, FBS,
triglyceride, HDL-C
WC, BP, FBS,
triglyceride, HDL-C

WC, FBS, triglyceride,
HDL-C

WC, FBS, triglyceride,
HDL-C

WC, BP, FBS,
triglyceride, HDL-C

WC, BP, FBS,
triglyceride, HDL-C

WC, BP, triglyceride,
HDL-C

WC, BP, triglyceride,
HDL-C

WC=waist circumstance; HDL-C=high density lipoprotein-cholesterol.

Exp.=experimental group; Cont.=control group: BeHaS=Be happy and Strong Program; BP=blood pressure; FBS=fasting blood sugar;
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Experimental

Control

Mean difference

Mean difference

Study or subgroup Mean SD Total Mean _SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
1.1.1 Exercise

Ha et al. (2018) [18] 135.53 9.86 19148.67 11.28 15 2.3% -13.14 [-20.37, -5.91]

Cho et al. (2014) [16] 1376 86 18 1455 93 23 4.0% =7.90[-13.40, -2.40] e —

Kim et al. (2013) [13] 140.91 16.58 12 151 14.35 8 0.7% —10.09 [-23.76, —3.58]

Kim (2011) [11] 143 16.55 12140.74 14.25 12 0.8% 2.26[-10.10, 14.62]

Lee (2012) [17] 124.35 14.06 20 135.3 12.57 20 1.8% -10.95[-19.22, -2.68]

Shin and Kwon (2018) [24] 116.76 9.45 17 121 7.33 14 3.5% -4.24[-10.15, 1.67] e —
Son and Kang (2010) [22] 133.11 6.36 18134.11 6.02 18 7.4% -1.00 [-5.05, 3.05] —T
Song et al. (2017) [14] 129.54 804 10 1338 549 10  3.3% -4.26[-10.29, 1.77] —

U (2018) [20] 130.77 5.67 9 140 7.96 9 3.0% -9.23[-15.61, -2.85]

Subtotal (95% Cl) 135 129 26.8% -5.62[-7.75, -3.49] <o
Heterogeneity: Chi’=15.03, df=8 (p=0.06); I’=47%

Test for overall effect: Z=5.17 (p<0.00001)

1.1.2 Combined intervention (exercise, diet, education, etc)

Chung and Sung (2013) [25] 136.83 20.38 12138.58 19.02 12 0.5% -1.75[-17.52, 14.02]

Kim (2016) [19] 133.5 15.32 9149.75 28.49 9 03% -16.25[-37.38, 4.88]¢

Kim et al. (2020) [23] 129.38 15.04 24141.16 19.85 19 1.1% -11.78 [-22.54, -1.02]

Kwon and Park (2018) [10] 118.9 125 15 1252 151 12 1.1% -6.30[-16.93, 4.33] —
Lee (2007) [15] 136.22 15.9 18 147 155 13 1.0% -10.78[-21.96, 0.40]

Sung and Lee (2010) [21]  127.64 9.98 2212828 123 18 25%  -0.64[-7.69,6.41] —_—
Subtotal (95% Cl) 100 83 6.3% -5.78 [-10.17, -1.39] -
Heterogeneity: Chi2=5.21, df=5 (p=0.39); 1*=4%

Test for overall effect: Z=2.58 (p=0.010)

1.1.3 Less than 3 times a week

Cho et al. (2014) [16] 1376 86 18 1455 93 23 4.0% -7.90[-13.40, -2.40] e —

Kim (2016) [19] 133.5 15.32 9149.75 28.49 9 0.3% -16.25[-37.38, 4.88] ¢

Kim et al. (2020) [23] 129.38 15.04 24141.16 19.85 19 1.1% -11.78 [-22.54, -1.02]

Kim (2011) [11] 143 16.55 12140.74 14.25 12 0.8% 2.26[-10.10, 14.62] —
Subtotal (95% ClI), ' 63 63  6.1% -7.62[-12.07, -3.17] -
Heterogeneity: Chi=3.68, df=3 (p=0.30); '=18%

Test for overall effect: Z=3.35 (p=0.0008)

1.1.4 3 or more times a week

Ha et al. (2018) [18] 135.53 9.86 19148.67 11.28 15 2.3% -13.14 [-20.37, -5.91]

Chung and Sung (2013) [25] 136.83 20.38  12138.58 19.02 12  0.5% -1.75[-17.52, 14.02]

Cho et al. (2014) [16] 1376 8.6 18 1455 9.3 23 4.0% —7.90 [-13.40, -2.40]

Kim et al. (2013) [13] 140.91 16.58 12 151 14.35 8 0.7% -10.09 [-23.76, 3.58]

Kwon and Park (2018) [10] 118.9 125 15 1252 151 12 1.1% -6.30[-16.93, 4.33] —
Lee (2007) [15] 13622 159 18 147 155 13 1.0% -10.78[-21.96, 0.40]

Lee (2012) [17] 124.35 1406 20 1353 1257 20  1.8% -10.95[-19.22, -2.68]

Sung and Lee (2010) [21] 127.64 9.98 22128.28 12.3 18 2.5% -0.64 [-7.69, 6.41] e
Son and Kang (2010) [22] 133.11 6.36 18 134.11 6.02 18 7.4% -1.00 [-5.05, 3.05] e
Song et al. (2017) [14] 129.54 804 10 1338 549 10  3.3% -4.26[-10.29, 1.77] H

U (2018) [20] 130.77 5.67 9 140 7.96 9 3.0% -9.23[-15.61, -2.85]

Subtotal (95% CI)2 ) 173 158 27.5% -5.72[-7.82, -3.61] <
Heterogeneity: Chi =16.24, df=10 (p=0.09); I'=38%

Test for overall effect: Z=5.33 (p<0.00001)

1.1.5 12 weeks or more

Ha et al. (2018) [18] 135.53 9.86 19148.67 11.28 15 2.3% -13.14 [-20.37, -5.91]

Chung and Sung (2013) [25] 136.83 20.38 1213858 19.02 12  0.5% -1.75[-17.52, 14.02]

Cho et al. (2014) [16] 1376 8.6 18 1455 9.3 23 4.0% -—7.90 [-13.40, -2.40]

Kim (2016) [19] 133.5 15.32 9149.75 28.49 9 0.3% -16.25[-37.38, 4.88] ¢

Kim et al. (2020) [23] 129.38 15.04 24141.16 19.85 19 1.1% -11.78 [-22.54, -1.02]

Kim (2011) [11] 143 16.55 12140.74 14.25 12 0.8% 2.26[-10.10, 14.62]

Kwon and Park (2018) [10] 1189 125 15 1252 15.1 12 1.1% -6.30[-16.93, 4.33] —
Lee (2007) [15] 136.22 15.9 18 147 155 13 1.0% -10.78[-21.96, 0.40]

Lee (2012) [17] 124.35 14.06 20 135.3 12.57 20 1.8% —10.95[-19.22, -2.68]

Sung and Lee (2010) [21]  127.64 9.98 2212828 123 18 25%  -0.64[-7.69, 6.41] _—
Shin and Kwon (2018) [24]  116.76 945 17 121 7.33 14  35% -4.24[-10.15, 1.67] —
Son and Kang (2010) [22] 133.11 6.36 18 134.11 6.02 18 7.4% -1.00 [-5.05, 3.05] B
Song et al. (2017) [14] 129.54 804 10 133.8 549 10 3.3% -4.26[-10.29, 1.77] —

U (2018) [20] 130.77 5.67 9 140 7.96 9 3.0% -9.23[-15.61, -2.85]

Subtotal (95% CI) 223 204 32.5% -5.56 [-7.49, -3.62] <&
Heterogeneity: Chi’=19.83, df=13 (p=0.10); I’=34%

Test for overall effect: Z=5.63 (p<0.00001)

1.1.6 6 weeks

Kim et al. 2013 140.91 16.58 12 151 14.35 8 0.7% -10.09 [-23.76, 3.58]

Subtotal (95% Cl) 12 8  0.7% -10.09 [-23.76,3.58] e —-—
Heterogeneity: Not applicable

Test for overall effect: Z=1.45 (p=0.15)

Total (95% CI) , 706 645 100.0% -5.79 [-6.89, -4.68] *
Heterogeneity: Chi'=61.10, df=44 (p=0.04); I'=28% + + u +
Test for overall effect: Z=10.28 (p<0.00001) -20 -10 0 10 20

Test for subgroup differences: Chi’=1.11, df=5 (p=0.95); I’=0% Favours [experimental] Favours [control]

Figure 2. Meta-analysis results on the effect of intervention program on systolic blood pressure.
SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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p<0.001). When the intervention programs were conducted
three times or more per week, the effect size of the SBP levels
was -5.72 (95% CI: -7.82 to -3.61), demonstrating a signifi-
cant difference in the SBP levels between the groups (Z=5.33,
p<0.001). When the intervention programs were conducted
for at least 12 weeks, the effect size of the SBP levels was -5.56
(95% CI: -7.49 to -3.62), demonstrating a significant differ-
ence in the SBP levels between the groups (2=5.63, p<0.001).
When the intervention programs were conducted for 6 weeks,
the effect size of the SBP levels was —10.09 (95% CI: -23.76 to
3.58), demonstrating a statistically significant difference in the

SBP levels between the groups (Z=1.45, p=0.150) (Figure 2).

2) Effects of intervention programs on DBP

Of the studies that reported the DBP levels of the experi-
mental and control groups who were involved in the interven-
tion programs, studies composed of exercise-only program and
combined intervention (exercise/education/diet) were selected
and analyzed. Homogeneity testing for the exercise-only pro-
gram yielded Q (Chi*)=38.89, df=9 (p<0.001); I’=77%. The
effect size of the DBP was -2.88 (95% CI: -4.25 to -1.52),
showing that the DBP levels between the experimental and
control groups were statistically significantly different (Z=4.15,
p<0.001). However, homogeneity testing for combined in-
tervention (exercise/education/diet) yielded Q (Chi*)=4.23,
df=3 (p=0.240); I’=29%. The effect size of the DBP was —0.09
(95% CI: -3.04 to 2.86), showing that the DBP levels between
the groups were not significantly different (Z=0.06, p=0.950).
When the intervention programs were conducted twice or less
per week, the effect size of the DBP levels was -4.55 (95% CIL:
-7.00 to -2.10), demonstrating a significant difference be-

tween the groups (Z=3.64, p<0.001). When the intervention

www.phwr.org Vol 16, No 48, 2023

programs were conducted three times or more per week, the
effect size of the DBP levels was -0.82 (95% CI: -3.35 to 1.71),
demonstrating no significant difference between the groups
(2=0.64, p=0.530). When the intervention programs were
conducted for at least 12 weeks, the effect size of the DBP levels
was -2.37 (95% CI: -3.61 to -1.12), demonstrating a signifi-
cant difference between the groups (Z=3.72, p<0.001). When
the intervention programs were conducted for 6 weeks, the ef-
fect size of the DBP levels was —3.87 (95% CI: -13.10 to 5.36),
demonstrating no significant difference between the groups

(2=0.82, p=0.410) (Figure 3).

3) Effects of intervention programs on triglyceride
levels

Studies that used combined intervention were selected and
analyzed. Homogeneity testing for the exercise-only program
yielded Q (Chi*)=45.38, df=10 (p<0.001); I’=78%. The ef-
fect size of triglyceride levels was -12.88 (95% CI: -17.39 to
-8.37), showing a significant difference between the experi-
mental and control groups (Z=5.60, p<0.001). Homogeneity
testing for the combined intervention (exercise/education/
diet) yielded Q (Chi*)=2.58, df=4 (p=0.63); ’=0%. The effect
size of triglyceride levels was -5.41 (95% CI: -19.23 to 8.40),
showing that there was no statistically significant difference in
triglyceride levels between the experimental and control groups
(2=0.77, p=0.440).

When the intervention programs were conducted twice or
less per week, the effect size was ~12.91 (95% CI: -24.53 to
-1.28), showing that there was a statistically significant differ-
ence in triglyceride levels between the experimental and con-
trol groups (Z=2.18 p=0.030). When the intervention pro-

grams were conducted three times or more per week, the effect
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Study or subgroup

Experimental
Mean SD Total

Control
Mean SD Total Weight

Mean difference
1V, fixed, 95% CI

Mean difference
1V, fixed, 95% CI

1.5.1 Exercise

Ha et al. (2018) [18] 83.11 8.03 19 82.4 8.02 15 2.1% 0.71[-4.72,6.14]

Cho et al. (2014) [16] 858 6.3 18 86.7 53 23 4.7% -0.90 [-4.53, 2.73] —_—T
Kim et al. (2013) [13] 7913.25 12 8287 7.77 8 0.7% -3.87[-13.10,5.36] ¢

Kim (2011) [11] 83.75 6.91 12 9625 511 12  26% -12.50[-17.36, -7.64] —

Lee (2007) [15] 80.3813.39 18 84 667 13  12%  -3.62[-10.79,3.55] ¢

Lee (2012) [17] 72 579 20 80.65 9.64 20 25% -865[-13.58,-3.72] ———

Shin and Kwon (2018) [24] 79.94 3.65 17  84.93 5 14 6.2% -4.99[-8.13, -1.85] —_—

Son and Kang (2010) [22] 81.61 447 18 79.78 412 18 7.8% 1.83[-0.98, 4.64] —_
Song et al. (2017) [14] 80.62 364 10 8143 536 10 3.8% -0.81[-4.83, 3.21]

U (2018) [20] 75.77 6.72 9 8344 7.21 9 15% -7.67[-1411,-123] ¢—/—m—

Subtotal (95% Cl), , 153 142 33.1% -2.88[-4.25, -1.52] -
Heterogeneity: Chi‘=38.89, df=9 (p<0.0001); I'=77%

Test for overall effect: Z=4.15 (p<0.0001)

1.5.2 Combined intervention (exercise, diet, education, etc)

Chung and Sung (2013) [25] 8245 82 12 7764 87 12 1.3% 4.81[-1.95, 11.57)

Kim (2016) [19] 75.38 7.37 8 77.2512.87 8 06%  -1.87[-12.15,841] <

Kim et al. (2020) [23] 78.58 8.26 24 8226 8.63 19 2.4% -3.68[-8.78, 1.42]

Sung and Lee (2010) [21] 74.41 8.65 22 73.44 6.55 18 2.8% 0.97 [-3.74, 5.68] —
Subtotal (95% Cl) 66 57 7.0% -0.09 [-3.04, 2.86] et
Heterogeneity: Chi’=4.23, df=3 (p=0.24); I’=29%

Test for overall effect: Z=0.06 (p=0.95)

1.5.3 Less than 3 times a week

Cho et al. (2014) [16] 858 63 18 867 53 23 47% -0.90 [-4.53, 2.73] —
Kim (2016) [19] 75.38 7.37 8 77.2512.87 8 0.6% -1.87[-12.15,8.41] +

Kim et al. (2020) [23] 78.58 8.26 24 82.26 8.63 19 2.4% -3.68[-8.78, 1.42]

Kim (2011) [11] 83.75 6.91 12 9625 511 12  26% -12.50[-17.36, -7.64] —

Subtotal (95% CI) 62 62 10.2% -4.55[-7.00, -2.10] il
Heterogeneity: Chi’=14.53, df=3 (p=0.002); I’=79%

Test for overall effect: Z=3.64 (p=0.0003)

1.5.4 3 or more times a week

Ha et al. (2018) [18] 83.11 8.03 19 82.4 8.02 15 2.1% 0.71[-4.72,6.14]

Chung and Sung (2013) [25] 8245 82 12 7764 87 12 1.3% 4.81[-1.95, 11.57]

Kim et al. (2013) [13] 7913.25 12 8287 7.77 8 0.7% -3.87[-13.10,5.36] ¢

Lee (2007) [15] 80.3813.39 18 84 667 13  12%  -3.62[-10.79,3.55] ¢

Sung and Lee (2010) [21] 74.41 8.65 22 7344 6.55 18 2.8% 0.97 [-3.74, 5.68]

U (2018) [20] 75.77 6.72 9 8344 721 9 15% -767[-14.11,-123] ¢—/—

Subtotal (95% Cl) 92 75 9.6% -0.82[-3.35, 1.71] el
Heterogeneity: Chi2=8.87, df=5 (p=0.11); I2=44%

Test for overall effect: Z=0.64 (p=0.53)

1.5.5 12 weeks or more

Ha et al. (2018) [18] 8311 803 19 824 802 15 2.1% 0.71[-4.72, 6.14]

Chung and Sung (2013) [25] 8245 8.2 12 7764 8.7 12 1.3% 4.81[-1.95, 11.57]

Cho et al. (2014) [16] 85.8 6.3 18 86.7 5.3 23 4.7% -0.90 [-4.53, 2.73] —
Kim (2016) [19] 75.38 7.37 8 77.2512.87 8 06% -187[-12.15841] ¢

Kim et al. (2020) [23] 78.58 8.26 24 82.26 8.63 19 2.4% -3.68[-8.78, 1.42]

Kim (2011) [11] 83.75 6.91 12 96.25 5.11 12 2.6% -12.50[-17.36, -7.64] +—

Lee (2007) [15] 80.3813.39 18 84 6.67 13 1.2% -3.62[-10.79, 3.55] ¢

Lee (2012) [17] 72 579 20 8065 964 20 25% -8.65[-13.58,-3.72] +———

Sung and Lee (2010) [21] 74.41 8.65 22 73.44 655 18 2.8% 0.97 [-3.74, 5.68]

Shin and Kwon (2018) [24] 79.94 3.65 17 84.93 5 14 6.2% -4.99[-8.13, -1.85] —_—

Son and Kang (2010) [22] 81.61 4.47 18 79.78 4.12 18 7.8% 1.83[-0.98, 4.64] —_
Song et al. (2017) [14] 8062 3.64 10 8143 536 10 3.8% -0.81[-4.83, 3.21]

U (2018) [20] 75.77 6.72 9 8344 7.21 9 15% -7.67[-14.11,-123] ¢—m—

Subtotal (95% CI)2 2207 191 39.4%  -2.37[-3.61,-1.12] -
Heterogeneity: Chi'=45.86, df=12 (p<0.00001); I'=74%

Test for overall effect: Z=3.72 (p=0.0002)

1.5.6 6 weeks

Kim et al. (2013) [13] 7913.25 12 82.87 7.77 8 0.7% -3.87[-13.10,5.36] ¢

Subtotal (95% CI) 12 8 07% -3.87[-13.10,5.36] w—
Heterogeneity: Not applicable

Test for overall effect: Z=0.82 (p=0.41)

Total (95% CI) 592 535 100.0%  —2.46 [-3.25, -1.68] <
Heterogeneity: Chi2:119.74, df=37 (p<0.00001); I2:69% + + + +
Test for overall effect: Z=6.16 (p<0.00001) -4 -2 0

Test for subgroup differences: Chi2=7.36, df=5 (p=0.20); 1’=32%

Favours [experimental]

Favours [control]
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Figure 3. Meta-analysis results on the effect of intervention program on diastolic blood pressure.
SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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Experimental Control Mean difference

Mean difference

Study or subgroup Mean SD Total Mean _SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
1.2.1 Exercise

Ha et al. (2018) [18] 11211 345 19 145 64.18 16 0.5% -32.89[-67.96, 2.18] r

Cho et al. (2014) [16] 197.8 265 18 199.7 29.91 23 2.0% -1.90[-19.20, 15.40] e
Kim et al. (2013) [13] 12558 40.8 12 143.62 4571 12  0.5% -18.04[-52.71, 16.63] —
Kim and Kim (2014) [12] 163.51 69.19 41 172.66 69.19 41 0.7% -9.15[-39.10, 20.80] —
Kim (2011) [11] 111.66 27.39 12 132.83 16.55 12 1.9% -21.17 [-39.28, -3.06]

Kuk (2020) [9] 179.63 31.1 8 19425 5295 8  0.3% -14.62[-57.17,27.93]

Lee (2012) [17] 109.64 36.31 20 132.93 68.62 20 0.5% -23.29[-57.31, 10.73] —
Shin and Kwon (2018) [24] 144.71 10.65 17 142.86 8.56 14 13.4% 1.85[-4.91, 8.61] ——
Son and Kang (2010) [22]  129.69 26.31 18 14891 46.1 18 1.0% —19.22 [-43.74, 5.30] —
Song et al. (2017) [14] 116.01  8.57 10 148.08 10.29 10 8.9% —32.07 [-40.37, -23.77] —_—

U (2018) [20] 89.11 25.21 9 134.44 59.84 9 0.3% -45.33[-87.75,-291] +—m———
Subtotal (95% Cl) 184 183 30.1% -12.88[-17.39, -8.37] 3
Heterogeneity: Chi’=45.38, df=10 (p<0.00001); I’=78%

Test for overall effect: Z=5.60 (p<0.00001)

1.2.2 Combined intervention (exercise, diet, education, etc)

Chung and Sung (2013) [25] 164.82 69.29 12 15355 9229 12  0.1% 11.27 [-54.03, 76.57]

Kim (2016) [19] 113.63 19.57 9 138 44.02 9 0.6% —24.37[-55.84,7.10] —
Kwon and Park (2018) [10] 1969 281 15 2003 26 12  1.5% -3.40[-23.86, 17.06] —
Lee (2007) [15] 180.88 94.74 18 206.3 9942 13 0.1% -25.42[-94.96,44.12] +

Sung and Lee (2010) [21]  120.18 41.52 22 115.22 43.94 18 0.9% 4.96 [-21.74, 31.66] —
Subtotal (95% CI)2 " 76 64 3.2%  -5.41[-19.23, 8.40] il
Heterogeneity: Chi"=2.58, df=4 (p=0.63); I'=0%

Test for overall effect: Z=0.77 (p=0.44)

1.2.3 Less than 3 times a week

Cho et al. (2014) [16] 197.8 26.5 18 199.7 29.91 23 2.0% -1.90[-19.20, 15.40] e
Kim (2016) [19] 113.63 19.57 9 138 44.02 9 0.6% -24.37[-55.84,7.10] —
Kim (2011) [11] 111.66 27.39 12 132.83 16.55 12 1.9% -21.17 [-39.28, -3.06]

Subtotal (95% Cl) 39 44 45% -12.91[-24.53, -1.28] .
Heterogeneity: Chi’=2.86, df=2 (p=0.24); I’=30%

Test for overall effect: Z=2.18 (p=0.03)

1.2.4 3 or more times a week

Ha et al. (2018) [18] 11211 345 19 145 64.18 16 0.5% -32.89[-67.96, 2.18] r
Chung and Sung (2013) [25] 164.82 69.29 12 15355 9229 12  0.1% 11.27 [-54.03, 76.57]

Kim et al. (2013) [13] 12558 40.8 12 143.62 4571 12 0.5% -18.04[-52.71, 16.63] —
Kim and Kim (2014) [12] 163.51 69.19 41 172.66 69.19 41 0.7% -9.15[-39.10, 20.80] —
Kuk (2020) [9] 179.63 31.1 8 194.25 52.95 8  0.3% -14.62[-57.17,27.93]

Kwon and Park (2018)[10]  196.9 28.1 15 2003 26 12  15% -3.40[-23.86, 17.06] —
Lee (2007) [15] 180.88 94.74 18  206.3 99.42 13 0.1% =25.42[-94.96,44.12] «

Lee (2012) [17] 109.64 36.31 20 132.93 68.62 20  0.5% -23.29[-57.31,10.73] —
Sung and Lee (2010) [21]  120.18 4152 22 11522 43.94 18  0.9%  4.96 [-21.74, 31.66] S

Shin and Kwon (2018) [24] 144.71 10.65 17 142.86 8.56 14 13.4% 1.85[-4.91, 8.61] -1
Sonand Kang (2010) [22]  129.69 26.31 18 14891 461 18  1.0% -19.22[-43.74,5.30] —
Song et al. (2017) [14] 116.01 857 10 14808 1029 10  8.9%-32.07 [-40.37, -23.77] —

U (2018) [20] 89.11 25.21 9 134.44 59.84 9 0.3% -45.33[-87.75, -291] +—F
Subtotal (95% Cl)_ 221 203 28.8% -12.04 [-16.66, -7.43] <&
Heterogeneity: Chi’=46.09, df=12 (p<0.00001); I’=74%

Test for overall effect: Z=5.12 (p<0.00001)

1.2.5 12 weeks or more

Ha et al. (2018) [18] 11211 345 19 145 64.18 16 0.5% -32.89[-67.96, 2.18] r
Chung and Sung (2013) [25] 164.82 69.29 12 15355 9229 12  0.1% 11.27 [-54.03, 76.57]

Cho et al. (2014) [16] 197.8 26.5 18 199.7 29.91 23 2.0% -1.90[-19.20, 15.40] e —
Kim et al. (2013) [13] 12558 40.8 12 143.62 4571 12 0.5% -18.04[-52.71, 16.63] —
Kim and Kim (2014) [12] ~ 163.51 69.19 41 172.66 69.19 41  0.7% -9.15[-39.10, 20.80] —
Kim (2016) [19] 113.63 19.57 9 138 44.02 9 0.6% —24.37[-55.84,7.10] —
Kuk (2020) [9] 179.63 31.1 8 194.25 52.95 8  0.3% -14.62[-57.17,27.93]

Kwon and Park (2018) [10]  196.9 28.1 15 2003 26 12  15% -3.40[-23.86, 17.06] —
Lee (2007) [15] 180.88 94.74 18 206.3 99.42 13 0.1% =25.42[-94.96,44.12] «

Lee (2012) [17] 109.64 36.31 20 132.93 68.62 20  0.5% -23.29[-57.31,10.73] —
Sung and Lee (2010) [21]  120.18 4152 22 11522 4394 18  0.9%  4.96 [-21.74, 31.66] S

Shin and Kwon (2018) [24] 144.71 10.65 17 142.86 8.56 14 13.4% 1.85[-4.91, 8.61] —1—
Son and Kang (2010) [22]  129.69 26.31 18 148.91 46.1 18 1.0% —19.22[-43.74, 5.30] —
Song et al. (2017) [14] 116.01 857 10 14808 1029 10  8.9%-32.07 [-40.37, -23.77] —

U (2018) [20] 89.11 25.21 9 134.44 59.84 9 0.3% -45.33[-87.75, -291] —F
Subtotal (95% Cl), 248 235 31.5% -11.63[-16.04, -7.21] <&
Heterogeneity: Chi'=47.96, df=14 (p<0.0001); I’=71%

Test for overall effect: Z=5.16 (p<0.00001)

1.2.6 6 weeks

Kim (2011) [11] 111.66 27.39 12 132.83 16.55 12 1.9% -21.17 [-39.28, -3.06] —_—
Subtotal (95% Cl) 12 12 1.9% -21.17 [-39.28, -3.06] el
Heterogeneity: Not applicable

Test for overall effect: Z=2.29 (p=0.02)

Total (95% CI) 780 741 100.0% -12.16 [-14.64, -9.69] *
Heterogeneity: Chi2=146.92, df=47 (p<0.00001); *=68% + + ' '

Test for overall effect: Z=9.63 (p<CZD.OOOO1) ,
Test for subgroup differences: Chi =2.04, df=5 (p=0.84); I =0%

Figure 4. Meta-analysis results on the effect of intervention program on triglyceride.
SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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size was -12.04 (95% CI: -~16.66 to -7.43), showing that there
was a statistically significant difference in triglyceride levels be-
tween the groups (Z=5.12, p<0.001).

When the intervention programs were conducted for at
least 12 weeks, the effect size of triglyceride levels was -11.63
(95% CI: -16.04 to -7.21), indicating a significant difference
between the groups (Z=5.16, p<0.001). When the interven-
tion programs were conducted for 6 weeks, the effect size of
triglyceride levels was -21.17 (95% CI: -39.28 to -3.00),
showing a significant difference between the groups (Z=2.29,

p=0.02) (Figure 4).

4) Effects of intervention programs on waist
circumference

Of the studies that reported waist circumference of the ex-
perimental and control groups who were involved in the inter-
vention programs, studies composed of exercise-only program
and combined intervention (exercise/education/diet) were se-
lected and analyzed. Homogeneity testing for the exercise-only
program yielded Q (Chi®)=6.23, df=9 (p=0.720); I*=0%. The
effect size of waist circumference was -2.51 (95% CI: -3.56
to -1.46), showing a significant difference in waist circumfer-
ence between the experimental and control groups (Z=4.68,
p<0.001). However, homogeneity testing for combined inter-
vention (exercise/education/diet) yielded Q (Chi*)=4.06, df=3
(p=0.26); I’=26%. The effect size of waist circumference was
0.09 (95% CI: -2.70 to 2.88), showing no significant differ-
ence in between the groups (Z=0.06, p=0.950).

When the intervention programs were conducted twice or
less per week, the effect size was -2.67 (95% CI: -5.48 to 0.14),
showing no significant difference in waist circumference be-

tween the groups (Z=1.86 p=0.060). When the intervention

1660

programs were conducted three times or more per week, the
effect size was -2.12 (95% CI: -3.17 to -1.07), showing a sig-
nificant difference in waist circumference between the groups
(2=3.95,p<0.001).

When the intervention programs were conducted for at
least 12 weeks, the effect size of waist circumference was -2.19
(95% CI: -3.17 to -1.20), showing that a significant difference
in waist circumference between the groups (Z=4.35, p<0.001).
When the intervention programs were conducted for 6 weeks,
the effect size of waist circumference was -5.61 (95% CI:
-16.40 to 5.18), showing a significant difference in waist cir-

cumference between the groups (Z=1.02, p=0.31) (Figure 5).

5) Effects of intervention programs on fasting
glucose

Of the studies that reported fasting glucose levels of the ex-
perimental and control groups who were involved in the in-
tervention programs, studies composed of exercise-only pro-
gram and combined intervention (exercise/education/diet)
were selected and analyzed. Homogeneity testing for the exer-
cise-only program yielded Q (Chi*)=25.43, df=9 (p=0.003);
I’=65%. The effect size of fasting glucose was -3.89 (95% CI:
-6.28 to —1.50), showing that there was a significant differ-
ence in fasting glucose between the experimental and control
groups (Z=3.19, p=0.001). However, homogeneity testing for
combined intervention (exercise/education/diet) yielded Q
(Chi®)=7.52, df=3 (p=0.060); I’=60%. The effect size of fasting
glucose was -9.46 (95% CI: -15.51 to -3.42), showing that a
significant difference between the groups (Z=3.07, p=0.002).

When the intervention programs were conducted twice or
less per week, the effect size was -3.13 (95% CI: -8.15 to 1.89),

showing no significant difference between the groups (Z=1.22
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
1.3.1 Exercise
Ha et al. (2018) [18] 81.05 588 19 8247 4.21 15 2.8% -1.42[-4.82, 1.98] _
Chung and Sung (2013) [25] 90.82 6.48 12  89.92 4.81 12 1.5% 0.90 [-3.67, 5.47] e
Cho et al. (2014) [16] 876 118 18 897 98 23 0.7% -2.10[-8.86, 4.66]
Kim et al. (2013) [13] 80.2 422 12 858115.18 8 0.3%  -5.61[-16.40,5.18] +
Kim (2011) [11] 91.75 5.1 12 945 395 12 2.4% -2.75[-6.40, 0.90] _—
Lee (2012) [17] 90 312 20 946 467 20 53%  —4.60[-7.06, -2.14] _
Shin and Kwon (2018) [24] ~ 84.59 2.51 17  86.76 3.09 14 8.0%  -2.17[-4.18, -0.16] _—
Son and Kang (2010) [22] ~ 83.94 549 18 8539 4.84 18 2.8% -1.45[-4.83, 1.93] _—
Song et al. (2017) [14] 91.87 472 10 9491 45 10 2.0% -3.04 [-7.08, 1.00] _—
U (2018) [20] 84.5 3.27 9 87.22 348 9 3.3% -2.72[-5.84, 0.40] _
Subtotal (95% CI) 147 141 29.1%  -2.51[-3.56, -1.46] P 2

Heterogeneity: Chi’=6.23, df=9 (p=0.72); I’=0%
Test for overall effect: Z=4.68 (p<0.00001)

1.3.2 Combined intervention (exercise, diet, education, etc)

Kim (2016) [19] 84.13 5.57 9 84.38 7.07 9 09%  -025[-6.13,563]

Kwon and Park (2018)[10] ~ 80.1 95 5 765 7.6 12  08%  3.60[-2.85,10.05] >
Lee (2007) [15] 87.36 447 18 863 704 13 17% 1.06 [-3.29, 5.41] _—

Sung and Lee (2010) [21] 8541 7.49 22 90931276 18  0.7%  -552[-12.19,1.15] <

Subtotal (95% Cl) 64 52 441% 0.09 [-2.70, 2.88] oot

Heterogeneity: Chi’=4.06, df=3 (p=0.26); I’=26%
Test for overall effect: Z=0.06 (p=0.95)

1.3.3 Less than 3 times a week

Kim (2016) [19] 84.13 557 9 8438 7.07 9 09%  -0.25[-6.13,5.63]
Kim (2011) [11] 9175 51 12 945 395 12  24%  -2.75[-6.40,0.90] _—
Sungand Lee (2010) [21] 8541 7.49 22 90931276 18  0.7% -552[-12.19,1.15] <

Subtotal (95% Cl) 43 39 41%  -2.67[-5.48,0.14] e

Heterogeneity: Chi’=1.35, df=2 (p=0.51); I’=0%
Test for overall effect: Z=1.86 (p=0.06)

1.3.4 3 or more times a week

Ha et al. (2018) [18] 8105 588 19 8247 421 15  28%  -142[-4.82, 1.98] _
Chung and Sung (2013) [25] 90.82 6.48 12 8992 481 12  15% 0.90 [-3.67, 5.47] —_—
Cho et al. (2014) [16] 876 118 18 897 98 23  07%  -2.10[-8.86, 4.66]

Kim et al. (2013) [13] 802 422 12 858115.18 8  03% -561[-16.40,5.18] +

Kwon and Park (2018)[10] 801 95 15 765 7.6 12  08%  3.60[-2.85,10.05] >
Lee (2007) [15] 87.36 447 18 863 7.04 13  17% 1.06 [-3.29, 5.41] —_—

Lee (2012) [17] 90 312 20 946 467 20  53% -4.60[-7.06, -2.14]

Shin and Kwon (2018) [24] 8459 251 17 8676 3.09 14  80% -2.17[-4.18, -0.16] —_—
Sonand Kang (2010)[22] 8394 549 18 8539 4.84 18  2.8%  -1.45[-4.83, 193] B —
Song et al. (2017) [14] 9187 472 10 9491 45 10  20%  -3.04[-7.08, 1.00] _—
U (2018) [20] 845 327 9 87.22 348 9 33%  -2.72[-5.84,040] _—
Subtotal (95% Cl) 168 154 29.2% -2.12[-3.17, -1.07] .

Heterogeneity: Chi’=11.72, df=10 (p=0.30); I’=15%
Test for overall effect: Z=3.95 (p<0.0001)

1.3.5 12 weeks or more

Ha et al. (2018) [18] 8105 588 19 8247 421 15  28%  -142[-4.82 1.98] B
Chung and Sung (2013) [25] 90.82 6.48 12 8992 481 12  15% 0.90 [-3.67, 5.47] —_—

Cho et al. (2014) [16] 876 118 18 897 98 23  07%  -2.10[-8.86, 4.66]

Kim et al. (2013) [13] 802 422 12 858115.18 8  03% -561[-16.40,5.18] +

Kim (2016) [19] 84.13 5.57 9 8438 7.07 9 09%  -0.25[-6.13,5.63]

Kim (2011) [11] 9175 51 12 945 395 12  24%  -2.75[-6.40,0.90] _

Kwon and Park (2018)[10] 801 95 15 765 7.6 12  08%  3.60[-2.85, 10.05] S
Lee (2007) [15] 87.36 447 18 863 7.04 13  17% 1.06 [-3.29, 5.41] B

Lee (2012) [17] 90 312 20 946 467 20  53% -4.60([-7.06, -2.14] _—

Sungand Lee (2010)[21] 8541 7.49 22 90931276 18  0.7% -552[-12.19,1.15] <

Shin and Kwon (2018) [24] ~ 84.59 251 17 8676 3.09 14  80% -2.17[-4.18, -0.16] _—

SonandKang (2010)[22] ~ 83.94 549 18 8539 4.84 18  28%  -1.45[-4.83,1.93] B

Song et al. (2017) [14] 9187 472 10 9491 45 10  20%  -3.04[-7.08,1.00] B B

U (2018) [20] 845 3.27 9 8722 348 9 33%  -2.72[-5.84,0.40] e

Subtotal (95% Cl) 211 193 33.2% -2.19[-3.17, -1.20] P

Heterogeneity: Chi’=13.20, df=13 (p=0.43); I’=1%
Test for overall effect: Z=4.35 (p<0.0001)

1.3.6 6 weeks
Kim et al. (2013) [13] 80.2 422 12 858115.18 8  03% -561[-16.40,5.18] +
Subtotal (95% CI) 12 8  03% -5.61[-16.40,5.18] HEEEE——

Heterogeneity: Not applicable
Test for overall effect: Z=1.02 (p=0.31)

Total (95% CI) ,645 587 100.0%  -2.20 [-2.76, -1.63] <

Heterogeneity: Chi =39.98, df=42 (p=0.56); I =0% . s f L
Test for overall effect: Z=7.59 (p<0.00001) i 4 -2 0 2 4
Test for subgroup differences: Chi =3.43, df=5 (p=0.63); I =0% Favours [experimental] Favours [control]

Figure 5. Meta-analysis results on the effect of intervention program on waist circumstance.
SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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Experimental Control Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
1.4.1 Exercise
Haetal. (2018) [18] 97.42 9.63 19 104.33 20.09 15 1.2% -6.91[-17.96, 4.14]
Kim et al. (2013) [13] 80.75 11.6 12 98.37 18.62 8 0.7% -17.62[-32.10, -3.14] —
Kim and Kim (2014) [12] 110.82 17.95 41 114.03 26.71 41 1.6% -3.21[-13.06, 6.64]
Kim et al. (2020) [23] 116.5 38.5 24 118 23 19 0.4% -1.50 [-20.05, 17.05]
Kim (2011) [11] 88.66 35.38 12 85.83 16.55 12 0.3% 2.83[-19.27, 24.93] >
Lee (2012) [17] 89.21 11.77 20 100.03 9.19 20 3.5% -10.82[-17.36, -4.28]
Shin and Kwon (2018) [24] 92.47 8.87 17 9464 571 14 5.7% -2.17 [-7.34, 3.00] —_—
Son and Kang (2010) [22] 101.44 5.53 18 101.44 5.53 18 11.6% 0.00 [-3.61, 3.61] —_—
Song et al. (2017) [14] 100.34 19.85 10 106.13 14.16 10  0.7% -5.79[-20.90, 9.32] +
U (2018) [20] 97 13.37 9 125 16.03 9 0.8% -28.00[-41.64, -14.36] ——
Subtotal (95% Cl) 182 166 26.6%  -3.89 [-6.28, -1.50] p
Heterogeneity: Chi’=25.43, df=9 (p=0.003); I’=65%
Test for overall effect: Z=3.19 (p=0.001)
1.4.2 Combined intervention (exercise, diet, education, etc)
Chung and Sung (2013) [25] 108 9.46 23 115 12.39 23 Not estimable
Kim (2016) [19] 115.25 13.26 8 142.63 18.86 8 0.6% -27.38[-43.36, -11.40] +———
Kwon and Park (2018) [10] 942 9.8 15 994 98 12 2.7% -5.20 [-12.64, 2.24] —
Lee (2007) [15] 102.5 284 18 107.3 193 13 0.5% -4.80 [-21.60, 12.00] +
Sung and Lee (2010) [21] 117.41 26.69 22 139.5 44.13 18 0.3% —-22.09 [45.33, 1.15] +
Subtotal (95% CI)_ , 63 51 4.2% -9.46 [-15.51, -3.42] —
Heterogeneity: Chi"=7.52, df=3 (p=0.06); I'=60%
Test for overall effect: Z=3.07 (p=0.002)
1.4.3 Less than 3 times a week
Haetal. (2018) [18] 83.11 8.03 19 824 8.02 15 5.1% 0.71[-4.72,6.14] —_—t
Kim (2016) [19] 115.25 13.26 8 142.63 18.86 8 0.6% -27.38[-43.36, -11.40] 4——
Sung and Lee (2010) [21] 117.41 26.69 22 1395 4413 18 0.3% —-22.09 [-45.33, 1.15] +
Subtotal (95% CI) 49 41 6.0% -3.13[-8.15, 1.89] el
Heterogeneity: Chi’=13.33, df=2 (p=0.001); I’=85%
Test for overall effect: Z=1.22 (p=0.22)
1.4.4 3 or more times a week
Ha et al. (2018) [18] 9742 9.63 19 104.33 20.09 15 1.2% -6.91[-17.96, 4.14]
Chung and Sung (2013) [25] 108 9.46 23 115 12.39 23 3.7% -7.00[-13.37, -0.63]
Kim et al. (2013) [13] 80.75 116 12 98.37 18.62 8  07% -17.62[-32.10,-3.14] ¢—
Lee (2007) [15] 1025 284 18 1073 193 13  05% -4.80[-21.60, 12.00] ¢
Lee (2012) [17] 89.21 11.77 20 100.03 919 20  35% -10.82[-17.36, -4.28]
Shin and Kwon (2018) [24] 92.47 8.87 17 9464 571 14 5.7% -2.17 [-7.34, 3.00] —_—T
Son and Kang (2010) [22] 101.44 5.53 18 101.44 553 18 11.6% 0.00[-3.61, 3.61] —_—t
Song et al. (2017) [14] 100.34 19.85 10 106.13 14.16 10 0.7% -5.79[-20.90, 9.32] +
U (2018) [20] 97 13.37 9 125 16.03 9 0.8% -28.00 [-41.64, -14.36] ¢+———
Subtotal (95% CI)_ 146 130 28.6%  -4.46 [-6.77, -2.16] =
Heterogeneity: Chi"=25.69, df=8 (p=0.001); I'=69%
Test for overall effect: Z=3.79 (p=0.0001)
1.4.5 12 weeks or more
Ha et al. (2018) [18] 97.42 9.63 19 104.33 20.09 15 1.2% -6.91[-17.96, 4.14]
Chung and Sung (2013)[25] 108 946 23 115 1239 23  3.7% -7.00[-13.37, -0.63]
Kim and Kim (2014) [12] 110.82 17.95 41 114.03 26.71 41 1.6% -3.21[-13.06, 6.64]
Kim (2016) [19] 115.25 13.26 8 142.63 18.86 8 0.6% -27.38[-43.36, -11.40] ¢—
Kim et al. (2020) [23] 116.5 38.5 24 118 23 19 0.4% -1.50 [-20.05, 17.05]
Kim (2011) [11] 88.66 35.38 12 85.83 16.55 12 0.3% 2.83[-19.27, 24.93] >
Kwon and Park (2018) [10] 942 9.8 15 994 98 12 2.7% -5.20 [-12.64, 2.24] —
Lee (2007) [15] 1025 284 18 107.3 193 13 0.5% -4.80 [-21.60, 12.00] +
Lee (2012) [17] 89.21 11.77 20 100.03 9.19 20 3.5% -10.82[-17.36, -4.28] _—
Sung and Lee (2010) [21] 117.41 26.69 22 139.5 4413 18  0.3%  -22.09 [-45.33, 1.15] +
Shin and Kwon (2018) [24] 92.47 8.87 17 9464 571 14 5.7% -2.17 [-7.34, 3.00] —_—
Son and Kang (2010) [22] 101.44 553 18 10144 553 18 11.6% 0.00 [-3.61, 3.61] —_—
Song et al. (2017) [14] 100.34 19.85 10 106.13 14.16 10  0.7% -5.79 [-20.90, 9.32] +
U (2018) [20] 97 13.37 9 125 16.03 9 0.8% -28.00[-41.64, -14.36] ——
Subtotal (95% Cl) 256 232 33.8%  -4.63[-6.74, -2.51] P 2
Heterogeneity: Chi2=33.22, df=13 (p=0.002); I2=61%
Test for overall effect: Z=4.28 (p<0.0001)
1.4.6 6 weeks
Kim et al. (2013) [13] 80.75 11.6 12 98.37 18.62 8 0.7% -17.62[-32.10, -3.14] ——
Subtotal (95% CI) 12 8  0.7% -17.62[-32.10, -3.14] —
Heterogeneity: Not applicable
Test for overall effect: Z=2.39 (p=0.02)
Total (95% CI) 708 628 100.0%  -4.59 [-5.82, -3.35] <&
Heterogeneity: Chi’=111.47, df=40 (p<0.00001); I’=64% ) ) ) )
Test for overall effect: Z=7.29 (p<0.00001) 220 ~10 0 10 20

Test for subgroup differences: Chi’=6.28, df=5 (p=0.28); [’=20.4%

Favours [experimental]

Favours [control]

Figure 6. Meta-analysis results on the effect of intervention program on fasting blood sugar.
SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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Study or subgroup

Mean SD Total Mean

Control
SD Total Weight

Experimental

Mean difference
1V, fixed, 95% CI

Mean difference
1V, fixed, 95% CI

1.6.1 Exercise

Ha et al. (2018) [18]
Cho et al. (2014) [16]
Kim et al. (2013) [13]
Kim and Kim (2014) [12]
Kim (2011) [11]

Kuk (2020) [9]

Lee (2012) [17]

Shin and Kwon (2018) [24]
Son and Kang (2010) [22]

Song et al. (2017) [14]
U (2018) [20]
Subtotal (95% CI)

5363 83 19 56.67 9.33 15 1.6%
487 9.7 18 407 86 23 1.7%
59.33 14.96 12 5762 8.66 8 0.5%
48.95 8.1 41 4734 873 41 4.2%
52.41 13.11 12 4991 5.19 12 0.9%
46.75 7.29 46.38 14.51 8 0.4%
576 8.84 20 498 944 20 1.8%
51.29 3.04 17 49.07 3.12 14 11.9%
50.58 5.91 18 49.08 7.08 18 3.1%
5394 75 10 5549 8.12 9 1.1%
5411 7.63 9 60.88 6.67 9 1.3%
184 177 28.6%

[

Heterogeneity: Chi’=18.90, df=10 (p=0.04); I’=47%
Test for overall effect: Z=2.61 (p=0.009)

1.6.2 Combined intervention (exercise, diet, education, etc)

Chung and Sung (2013) [25]

Kim (2016) [19]
Lee (2007) [15]

Sung and Lee (2010) [21]

Subtotal (95% Cl)

44 952 12 4392 598 12 1.4%
58.25 13.49 8 51.25 11.14 8 0.4%
102.5 284 18 107.3 193 13 0.2%
45.67 6.39 22 46.16 7.91 18 2.8%

60 51 4.7%

Heterogeneity: Chi’=1.64, df=3 (p=0.65); I'=0%
Test for overall effect: Z=0.06 (p=0.95)

1.6.3 Less than 3 times a week

Cho et al. (2014) [16]
Kim (2016) [19]

Kim (2011) [11]
Subtotal (95% CI)

487 9.7 18 407 86 23 1.7%
58.25 13.49 8 5125 11.14 8 0.4%
52.41 13.11 12 4991 5.19 12 0.9%

38 43 3.0%

Heterogeneity: Chi’=1.23, df=2 (p=0.54); 1’=0%
Test for overall effect: Z=2.83 (p=0.005)

1.6.4 3 or more times a week

Ha et al. (2018) [18]

Chung and Sung (2013) [25]

Kim et al. (2013) [13]
Kim and Kim (2014) [12]
Kuk (2020) [9]

Lee (2007) [15]

Lee (2012) [17]

Sung and Lee (2010) [21]
Shin and Kwon (2018) [24]
Son and Kang (2010) [22]

Song et al. (2017) [14]
U (2018) [20]
Subtotal (95% CI)

5363 83 19 56.67 9.33 15 1.6%
44 952 12 4392 5.98 12 1.4%
59.33 14.96 12 5762 8.66 8 0.5%
4895 8.16 41 4734 873 41 4.2%
46.75 7.29 8 46.38 14.51 8 0.4%
1025 28.4 18 107.3 19.3 13 0.2%
576 8.84 20 498 944 20 1.8%
45.67 6.39 22 46.16 7.91 18 2.8%
51.29 3.04 17 49.07 3.12 14 11.9%
50.58 5.91 18 49.08 7.08 18 3.1%
5394 75 10 5549 8.12 9 1.1%
5411 7.63 9 60.88 6.67 9 1.3%
206 185  30.3%

Heterogeneity: Chi’=15.34, df=11 (p=0.17); I’=28%
Test for overall effect: Z=1.67 (p=0.10)

1.6.5 12 weeks or more
Ha et al. (2018) [18]

Chung and Sung (2013) [25]

Cho et al. (2014) [16]
Kim and Kim (2014) [12]
Kim (2016) [19]

Kim (2011) [11]

Kuk (2020) [9]

Lee (2007) [15]

Lee (2012) [17]

Sung and Lee (2010) [21]
Shin and Kwon (2018) [24]
Son and Kang (2010) [22]

Song et al. (2017) [14]
U (2018) [20]
Subtotal (95% Cl)

5363 83 19 56.67 9.33 15 1.6%
44 952 12 4392 5.98 12 1.4%
48.7 9.7 18 407 86 23 1.7%
48.95 8.16 41 4734 873 41 4.2%
58.25 13.49 8 5125 11.14 8 0.4%
52.41 13.11 12 4991 5.19 12 0.9%
46.75 7.29 8 46.38 14.51 8 0.4%
1025 28.4 18 107.3 193 13 0.2%
57.6 8.84 20 498 944 20 1.8%
45.67 6.39 22 46.16 7.91 18 2.8%
5129 3.04 17 49.07 3.12 14 1.9%
50.58 5.91 18 49.08 7.08 18 3.1%
5394 75 10 5549 8.12 9 1.1%
5411 7.63 9 6088 6.67 9 1.3%
232 220 32.8%

Heterogeneity: Chi’=21.40, df=13 (p=0.07); ’=39%
Test for overall effect: Z=2.42 (p=0.02)

1.6.6 6 weeks
Kim et al. (2013) [13]
Subtotal (95% CI)

Heterogeneity: Not applicable

59.33 14.96 12 5762 8.66 8 0.5%
12 8 0.5%

Test for overall effect: Z=0.32 (p=0.75)

Total (95% Cl)

732 684 100.0%

Heterogeneity: Chi’=64.20, df=44 (p=0.02); I'=31%
Test for overall effect: Z=4.23 (p<0.0001)

Test for subgroup differences: Chi’=5.70, df=5 (p=0.34); ’=12.2%
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8.00 [2.31, 13.69]
1.71[-8.67, 12.09]
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Favours [experimental]

Figure 7. Meta-analysis results on the effect of intervention program on high density lipoprotein.
SD=standard deviation, IV=inverse-variance, CI=confidence interval.
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p=0.220). When the intervention programs were conducted
three times or more per week, the effect size was —4.46 (95%
CL: -6.77 to -2.16), showing a statistically significant differ-
ence between the groups (Z=3.79, p<0.001).

When the intervention programs were conducted for at
least 12 weeks, the effect size of fasting glucose levels was -4.63
(95% CI: -6.74, -2.51), showing that there was a signifi-
cant difference between the experimental and control groups
(Z=4.28, p<0.001). When the intervention programs were
conducted for 6 weeks, the effect size was -17.62 (95% CI:
-32.10 to -3.14), showing a statistically significant difference

between the groups (Z=2.39, p=0.020) (Figure 6).

6) Effects of intervention programs on HDL-C

Of the studies that reported HDL-C levels of the experi-
mental and control groups who were involved in the interven-
tion programs, studies composed of exercise-only program and
combined intervention (exercise/education/diet) were selected
and analyzed. Homogeneity testing for the exercise-only pro-
gram yielded Q (Chi’)=18.90, df=10 (p=0.040); I’=47%. The
effect size of HDL-C was 1.87 (95% CI: 0.47 to 3.28), showing
a significant difference in HDL-C between the experimental
and control groups (Z=2.61, p=0.009). However, homogene-
ity testing for combined intervention (exercise/education/diet)
yielded Q (Chi*)=1.64, df=3 (p=0.650); I’=0%. The effect size
of HDL-C levels was 0.10 (95% CI: -3.35 to 3.506), showing
no significant difference in HDL-C levels between the groups
(2=0.060, p=0.950).

When the intervention programs were conducted twice or
less per week, the effect size was 6.25 (95% CI: 1.92 to 10.58),
showing a statistically significant difference in HDL-C levels

between the groups (Z=2.83, p=0.005). When the intervention

1664

programs were conducted three times or more per week, the
effect size was 1.16 (95% CI: -0.20 to 2.53), showing that
there was no statistically significant difference in HDL-C levels
between the groups (Z=1.67, p=0.100).

When the intervention programs were conducted for at
least 12 weeks, the effect size of HDL-C levels was 1.62 (95%
CI: 0.31 to 2.93), showing that there was a statistically signifi-
cant difference in HDL-C levels between the experimental and
control groups (Z=2.42, p=0.020). When the intervention
programs were conducted for 6 weeks, the effect size of HDL-C
levels was 1.71 (95% CI: -8.67 to 12.09), showing that there
was no significant difference in HDL-C levels between the

groups (2=0.32, p=0.750) (Figure 7).

3. Publication bias
To detect publication bias, a funnel plot was used to iden-
tify visual symmetric distribution. Funnel plots were not devi-

ated from symmetry based on the middle line (Figure 8).

Discussion

MetS is associated with insulin resistance and can lead to
type 2 diabetes mellitus, hypertension, and coronary artery
disease. Prime clinical manifestations include dyslipidemia (el-
evated triglyceride, low HDL-C, and high low-density lipopro-
tein cholesterol levels), abdominal obesity, hypertension, im-
paired glucose tolerance, and atherosclerosis [26]. MetS is a key
issue for management of chronic diseases. For active manage-
ment especially for dyslipidemia and abdominal obesity, desir-
able lifestyle management (a healthy diet, regular exercise, and
quitting smoking) is more important [26]. Thus, in this work,

we conducted a systemic literature review and meta-analysis to

www.phwr.org Vol 16, No 48, 2023
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Figure 8. Publication bias.
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SE=standard error, MD=(standardised) mean difference, FBS=fasting blood sugar; TG= triglyceride, WC=waist circumstance.

evaluate which Korean intervention programs are effective in
managing MetS. This study showed positive effects of interven-
tions, such as exercise, counseling, and diet, on blood pressure,
triglyceride levels, waist circumference, fasting glucose levels,
and HDL-C levels, which are important MetS indicators. Our
findings were consistent with those of a previous meta-analysis

of 13 non-randomized controlled intervention programs [27].

www.phwr.org Vol 16, No 48, 2023

In that study, an application of diet-exercise intervention for
at least 6 months had high effects on abdominal obesity and
SBP [27]. However, our findings showed that an application of
intervention for at least 12 weeks had a higher effect on MetS
indicators. Especially, chronic diseases, such as blood pressure,
abdominal obesity, or dyslipidemia, require a long-term man-

agement since they cannot be resolved within a short period.
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Interventions identified in this study did not include vigor-
ous exercises, such as walking, muscle strengthening, and aqua
aerobics, because interventions were determined based on the
current physical conditions of older adults aged >65 years.
Most studies included especially exercise program for efficient
management for MetS, showing that regular exercise can con-
trol blood glucose and prevent complications [28]. Muscle
contraction increases glucose uptake, and glucose concentra-
tion can be remained by using glycogenolysis and gluconeo-
genesis [28]. Thus, exercise intervention analyzed in this study

was found to maximize the effects of insulin.

Conclusion

This study investigated the effects of intervention programs
on MetS indicators in older adults aged >65 years and com-
pared the effects by interventions. Exercise-only program and
combined intervention (exercise/diet/education) were com-
pared and analyzed, which showed that there was a signifi-
cant effect. Exercise-only program included walking, muscle
strengthening, pool exercise, and resistance exercise, while
combined interventions were composed of exercise, education,
counseling, and diet education. This systemic literature review
and meta-analysis demonstrated that an implementation of in-
terventions for at least 12 weeks was more effective for MetS
indicators compared to the implementation of interventions
for <6 weeks. If older adults aged =65 years use these pro-
grams to effectively manage MetS indicators, which can lead to
chronic diseases and life-threatening, they may prevent dete-

rioration of the quality of their lives.
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ABSTRACT

Master Plan for the Prevention and Control of Infectious Diseases is established every five years by the Commissioner of
the Korea Disease Control and Prevention Agency in consultation with the Minister of Health and Welfare in accordance
with Article 7 of the Infectious Diseases Control and Prevention Act. The 3rd Master Plan for the Prevention and Control of
Infectious Diseases consists of 16 key tasks and 55 detailed tasks to be carried out over five years from 2023 to 2027 under
four strategies: ‘Advance national preparedness for and response to infectious disease emergency’, ‘Respond with preemptive
and comprehensive measures for infectious disease control and prevention’, ‘Reform infectious disease R&D’, ‘Solidify

foundation for infectious disease response.’

Key words: Infectious diseases; Communicable diseases, prevention & control; Communicable disease control; Communicable

diseases; Master plan
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Introduction

According to the Infectious Disease Control and Prevention
Act, the Commissioner of the Korea Disease Control and
Prevention Agency (KDCA) must establish a Master Plan for
Infectious Diseases (the following is referred to as a Master
Plan) in collaboration with the Ministry of Health and Welfare
[1]. With the conclusion of the Second Master Plan in 2022,

the KDCA has created the Third Master Plan, outlining the

strategy and specific goals for managing infectious diseases in
the Republic of Korea over the next five years. Before develop-
ing this plan, an assessment of the achievements of the Second
Master Plan, along with an analysis of the conditions and pol-
icy environment that are necessary for the Third Master Plan,
were conducted.

Despite challenges encountered in some tasks, includ-
ing the vaccination and epidemiological survey rates”, dur-

ing the implementation of the Second Master Plan owing to

1) Rate of epidemiological investigations for waterborne and foodborne diseases, allocation of dedicated personnel for responding to emerging
infectious diseases, frequency of providing information by healthcare institutions, influenza vaccination rates for children and older adults, rate of
failure in the prevention of perinatal HBV infection, publication of research papers related to national infectious diseases, patent registrations, and

technology royalties.
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the coronavirus disease 2019 (COVID-19) pandemic, 71 out
of 79 performance indicators were successfully met (89.9%)
(Table 1). Notably, progress was made in areas, such as
strengthening the response and preparedness for infectious dis-
eases, establishing a One Health cooperation system, and stan-
dardizing the infectious disease prevention and management
system. However, some shortcomings have been identified
both in the selection of major infectious diseases for manage-
ment and in safeguarding vulnerable populations. Additionally,
limitations were observed in performance management due
to changes in performance indicators. Furthermore, there is a
need to improve coordination among comprehensive plans for
each infectious disease and management system and the tasks
and indicators based on the Third Master Plan.

An analysis of the conditions required to establish the Third
Master Plan revealed the need for advanced public health ca-
pabilities as well as collaboration with the global community in
preparation for the emergence of unforeseen novel infectious

diseases (referred to as Disease X). Further, the analysis also

highlighted the elevated risk for waterborne diseases, zoonoses,
and vector-borne diseases owing to the effects of environmen-
tal changes, such as water, soil, and vectors driven by climate
change, as well as the expansion of networks through increased
travel (First Climate Change Health Risk Assessment, March
2022). Additionally, the incidence of healthcare-associated in-
fections, including antibiotic-resistant bacterial infections, is
continuing to rise because of the increasing older adult popula-
tion and the expanded use of invasive medical technologies”.
Moreover policies framed from a One Health perspective are
becoming a part of global collaborative efforts to reduce abnor-
mal disease and pathogen circulation at the human-animal-en-
vironment interface. Furthermore, the diversification of infec-
tious disease response measures is evident across all domains
of infectious disease management, including surveillance, pre-
diction of epidemics, and cause analysis, owing to the utiliza-
tion of big data and artificial intelligence technologies. As tradi-
tional mass media and print media give way to Internet broad-

casting and social media as primary communication channels,

Table 1. Achievement status of performance indicators by key tasks of the 2nd Master Plan
Number of indicator o )
Core task — - Number of objective  Achievement
(number of basic task) Originally Final achievement indicator  rate (%)
(2018) (2022)
Total (24) 63 79 71 89.9
[ Strengthening the response and preparation system 17 14 12 85.7
for infectious diseases (5)
[ Establishment of a One Health cooperation system (5) 9 18 15 83.3
O Strengthening measures to prevent and manage 13 12 11 91.7
infectious diseases (4)
[ Establishing a technological innovation platform for 13 23 21 91.3
responding to infectious diseases (5)
O Strengthening infrastructure for responding to 11 12 12 100.0
infectious diseases (5)

2) Incidence and mortality of Carbapenem-resistant Enterobacteriaceae (CRE) infections have increased by approximately 2.6 and 3.7 times over five
years, respectively. From 11,954/141 cases in 2018 to 30,522/527 cases in 2022.

www.phwr.org Vol 16, No 48, 2023

1675


http://www.phwr.org

I Public Health Weekly Repo: ’\

there is a pressing need to formulate strategies for minimizing

3

the adverse impact of fake news and infodemics® on public

health.

Method

To evaluate the Second Master Plan, the structure of the
plan (including its vision, core tasks, sub tasks, and perfor-
mance indicators), achievement of performance indicators, re-

visions, and linkage with specific projects were assessed. Based

on the evaluation of the Second Master Plan, a foundational
framework was established through the participation of rel-
evant experts; open forums involving the KDCA, related min-
istries, and local governments; symposiums organized by the
Korean Society for Preventive Medicine; public hearings; and
discussions among relevant departments. After deliberation
by the Infectious Disease Management Committee, the “Third
Master Plan for the Prevention and Management of Infectious

Diseases (2023-2027)” was formulated (Table 2).

Table 2. Progress and discussion topics in the 3rd Master Plan for the prevention and control of infectious disease forum

disease
disease

infectious disease
Public hearing ~ 2022.12.09.

disease

disease (draft)

Progress Date Theme and discussion topic
1st Forum 2022.04.28.  Evaluation of the 2nd Master Plan for infectious disease, future directions, and schedule
2nd Forum 2022.06.02.  Policy objectives related to the Master Plan for infectious disease
Review of the alignment with Master Plans for specific infectious diseases and management
systems
Presentation of the framework (draft) for the 3rd Master Plan for infectious disease
3rd Forum 2022.06.29.  Review of the vision, principles, and key objectives (draft) for the 3rd infectious disease
basic plan
4th Forum 2022.08.04.  Finalization of the vision, principles, and key objectives for the 3rd Master Plan for
infectious disease
Presentation of core tasks and performance indicators
5th Forum 2022.09.06.  Deriving performance indicators using a top-down approach
Discussion on principles and methods for developing performance indicators
Symposium 2022.10.16.  Input gathering from the academic community during the symposium of the Korean

Society of Preventive Medicine
1) Evaluation of the outcomes and performance of the national Master Plan for infectious

2) Discussion on the vision and basic strategies for the 3rd Master Plan for infectious
3) Development of core tasks and performance indicators for the 3rd Master Plan for
Public hearing and opinion collection for the draft of the 3rd Master Plan for infectious
1) Presentation of support for the establishment of the 3rd Master Plan for infectious

2) Designated discussions and comprehensive debates

3) Approximately 6,500 cases of false or manipulated information related to COVID-19 vaccination in Republic of Korea have been addressed (as of

December 2022).
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Results

Under the vision of fostering ‘A Society Safe and Secure
from infectious diseases,” the Third Master Plan sets the univer-
sal values of ‘Evidence-based,” ‘Equity,” ‘Innovation,” ‘Domestic
and international Cooperation,” and ‘Communication and
Engagement’ as the fundamental principles to achieve the goals
of ‘Prepare for Disease X beyond COVID-19’ and ‘Strengthen
infectious disease prevention and control capabilities through
public-private and international collaboration.” Based on these
five principles, the Master Plan outlines the following four

strategies: ‘Advance national preparedness for and response to

infectious disease emergency,” ‘Respond with preemptive and
comprehensive measures for infectious disease control and
prevention,” ‘Reform infectious R&D,” and ‘Solidify foundation
for infectious disease response.” To ensure smooth implemen-
tation of these strategies, 16 core and 55 sub tasks were identi-

fied (Table 3) [2].

1. Strategy 1: Advance national preparedness for
and response to infectious disease emergency
Building upon the experience gained from COVID-19 re-

sponses, the plan aims to enhance the system and capacity for

preparing and responding to infectious disease public health

Table 3. Strategies and core tasks for implementing the 3rd Master Plan for the prevention and control of infectious disease

Strategy

Core task

I. Advance national preparedness for and response to @ Establishment of infectious disease crisis preparedness

infectious disease emergency

@ Strengthen ability to respond to infectious disease crisis

® Biosecurity and management of high risk pathogens

I1. Respond with preemptive and comprehensive
measures for infectious disease control and
prevention

@ Prevention and management of general infectious diseases

® Promotion of chronic infectious diseases eradication

© Establishment of infectious disease management system based on
One Health

III. Reform infectious disease R&D

IV. Solidify foundation for infectious disease response

O Strengthening the protection and management of high-risk
groups

@ Strengthening the evidence-based infectious diseases prevention
and management system

@ Diversification of monitoring and investigation systems

® Advanced infectious disease diagnosis technology

O Lead research on vaccine and treatment development

@ Expanding public-private partnerships with multidepartments,
local governments

@ Strengthen community engagement, competence and
communication

@® Establishment of infrastructure for preparing and responding to
infectious disease crisis

O Establishing a global cooperative system to respond to infectious
diseases

@ Strengthening the R&D base for infectious disease management

www.phwr.org Vol 16, No 48, 2023
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crises and bolster biological security measures, such as the
management of highly hazardous pathogens.

To achieve these objectives, the strategy outlines promot-
ing the exchange of infectious disease surveillance informa-
tion among nations through global organization networks
and expanding the use of the Quarantine Information Pre-
entry System (Quarantine COVID-19 Defence, Q-CODE) to
prepare for the introduction of infectious diseases from other
countries. Additionally, mandatory education for frontline in-
fectious disease response personnel and a certification system
for testing facilities providing immediate diagnostic testing in
times of crisis will be implemented. Regular scenario-based
training exercises will be introduced for government depart-
ments to enhance the capacity for infectious disease response.
The strategy also aims to achieve the domestic production and
stockpiling of anthrax vaccines within the designated time-
frame. It aims to strengthen biological security and the man-
agement of highly hazardous pathogens, including the imple-
mentation of a differentiated management system for such

pathogens.

2. Strategy 2: Respond with preemptive and
comprehensive measures for infectious dis—
ease control and prevention
This strategy includes proactive approaches for ongo-

ing infectious disease prevention and management, such

as Comprehensive Tuberculosis Control Plans, National

Measures for the Prevention and Control of Zoonotic and

Vector-borne Infectious Diseases, and the National Strategic

Plan for Viral Hepatitis B&C Control. It also emphasizes the

promotion of a One Health policy, which involves a multidis-

ciplinary and multisectoral approach spanning human, animal,

1678

and environmental health. Simultaneously, the plan aims to
enhance health equity for high-risk groups that could poten-
tially be affected by infectious diseases.

To implement this strategy, the Prime Minister’s orders
for inter-ministerial collaboration will be implemented for the
establishment of a One Health cooperation system across gov-
ernment ministries. A One Health-based infectious disease
management system will be created, including joint assess-
ments of the infection status between humans and animals,
collective risk assessments for zoonotic infectious diseases,
expanded programs for antibiotic stewardship programs in
healthcare institutions, and the maintenance of a real-time re-
sponse system between central, regional, and local levels to
prevent outbreaks and spread of waterborne and foodborne
infectious diseases. Various policies will be implemented to
strengthen ongoing infectious disease prevention and man-
agement, such as the development of surveillance indicators
for infection-vulnerable institutions, enhancement of the re-
spiratory infectious disease surveillance system, development
of guidelines for preventing mass outbreaks of Legionella and
strengthening of management in malaria-prone areas. Chronic
infectious diseases targeted for eradication will be minimized
by providing free screening and diagnostic testing for people
at risk for developing and transmitting tuberculosis, providing
early detection and early treatment support through acquired
immunodeficiency syndrome prevention support centers, in-
troducing hepatitis C testing as part of national health exami-
nations, and offering post-screening management and treat-
ment coordination for hepatitis. Furthermore, measures will be
taken to enhance protection and management for populations
at high risk for infectious diseases, including the development

of infectious disease prevention and management manuals for

www.phwr.org Vol 16, No 48, 2023
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facilities housing vulnerable populations (including individu-
als with disabilities and older adults), the establishment of an
education system for administrators and staft, formation of
infectious disease management support teams in correctional
facilities and training of staff, development of an infectious
disease surveillance support system for military units, expan-
sion of Biosafety Level 3 research facilities at the Armed Forces
Medical Research Institute, improvement of infectious dis-
ease prevention and crisis response manuals in schools, and
strengthening communication between schools and homes for

infectious disease prevention and management.

3. Strategy 3: Reform infectious disease R&D

This strategy outlines solidifying and integrating infectious
disease-related data that had previously been fragmented, uti-
lizing various surveillance and investigation results as the basis
for policymaking, and facilitating a multifaceted approach to
research on infectious disease diagnostic technology, vaccines,
and treatments by the KDCA.

Efforts will be made to consolidate and integrate data from
all stages of infectious disease response, from quarantine to re-
porting and epidemiological investigations. It will also establish
an evidence-based infection control system, including enhanc-
ing the epidemiological investigation system for systematic
tracking and management of large-scale contacts and devel-
oping predictive models for varying degrees of infectious dis-
ease outbreaks and epidemic trends. The strategy also includes
expanding pathogen surveillance, including implementing a
comprehensive respiratory disease surveillance system, such as
COVID-19; and monitoring antibiotic-resistant bacteria, food-
borne and waterborne pathogens, and healthcare-associated

infections. Surveillance and survey systems will be diversified,

www.phwr.org Vol 16, No 48, 2023

including the implementation of a sewage surveillance system,
expansion of laboratories conducting sewage testing, and es-
tablishment of a regular serum testing system for analyzing the
efficacy of vaccinations against infectious diseases highly likely
to progress to a pandemic. To enhance diagnostic accuracy and
speed, measures will be taken to develop diagnostic methods
and multiplex diagnostic tests for future infectious diseases and
infectious diseases of unknown cause. Additionally, the strategy
outlines facilitating vaccine and therapeutic research and devel-
opment, including securing core technologies for mRNA vac-
cines, supporting the development of technology for domestic
production and self-sufficiency of essential vaccines with high
foreign dependency (e.g., hepatitis A and Japanese encephalitis
vaccines), and supporting the development of antiviral treat-
ments that inhibit common infection mechanisms of RNA vi-

ruses with a high likelihood of developing novel mutations.

4. Strategy 4: Solidify the foundation for
infectious disease response

This strategy outlines measures to amend laws and regula-
tions in line with the opinions of professionals in the field of
infectious disease prevention and management and to establish
robust infrastructure required for crisis response, including
medical facilities and infection control resources. Additionally,
efforts will be made to enhance the global, inter-agency, and
public-private cooperation system, as well as strengthen the
foundation for research and development.

The roles of key agencies responsible for infectious dis-
ease response (Ministry of Health and Welfare and KDCA),
relevant organizations, and local governments will be de-
fined by the level of crisis, and governance will be established

through improvements in crisis management organizations.
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The Infectious Disease Prevention Act will be revamped in re-
flection of the demands in the field and human rights protec-
tion. Collaboration with relevant advisory committees, such
as the National Infectious Disease Crisis Response Advisory
Committee and experts in the field will be reinforced. The
regional disease response centers will play a central role in
strengthening regional cooperation, and public communica-
tion and community involvement will be facilitated by devel-
oping an integrated infodemic information center to minimize
damage from false and manipulated information. The 2023
Mid- to long-term plan for preparation and response to emerg-
ing infectious disease pandemics, including a rapid response
system and measures for prolonged outbreaks, will be estab-
lished, and a foundation for infectious disease crisis prepara-
tion and response will be bolstered through the expansion of
central and regional infectious disease hospitals and the estab-
lishment of a resource procurement management system for
crisis preparedness and response.

Measures will be taken to establish a global infectious dis-
ease response cooperation system through the installation of
the Global Health Security Coordination Office, the establish-
ment of a network to collect overseas infectious disease infor-
mation, infectious disease surveillance and risk assessment for
key countries in each continent, expansion of global technol-
ogy support (including laboratory diagnostics and epidemio-
logical investigations), resource exchange through cooperation
with foreign pathogen resource banks, and participation in the
global network for Biological Safety Level 4 facilities. Finally,
the foundation for research and development for infectious dis-
ease management will be solidified through the designation of
pathogens requiring urgent national response, overall research

and development planning for diagnosis-treatment-vaccine

1680

research performance, including securing innovative core tech-
nologies, promotion of research on the development of prod-
ucts for surveillance, prediction, prevention, diagnosis, and
infection control based on on-site demands, diversification of
resources through mandatory submission of domestically held
pathogen resources, and promotion of private distribution

through pathogen resource banks.

Table 4. Status of the plan for each infectious disease and
management system

A plan for each infectious disease and management system

I. Infectious disease management
National measures for the prevent and control of
zoonotic and vector-borne infectious diseases
National action plan for malaria re-elimination
Comprehensive tuberculosis control plans
National strategy on HIV/AIDS
National strategy on STI
National action plan for prevention and control of
healthcare-associated infections
National action plan on antimicrobial resistance
National strategic plan for viral hepatitis B&C control
II. Management system

Plan on emergency preparedness and response for
infectious disease

Master Plans for quarantine

Comprehensive pathogen resource management plans
and annual implementation plan

Plan for diagnostic tests for infectious diseases

Medium-term national stockpile strategy for Disease X

III. R&D field

Disease management R&D project mid- to long-term
development plan

National research strategy for crisis response to infectious
diseases

HIV/AIDS=Human immunodeficiency virus/Acquired immune

deficiency syndrome, STI=Sexually transmitted infections.
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Conclusion

The Third Master Plan has been designed to align with the
measures established for major infectious diseases and man-
agement systems, allowing for effective coordination with
management goals and performance indicators. Performance
indicators for each field have been consistently set with the ob-
jectives of each comprehensive plan for infectious disease man-
agement systems (Table 4) [3]. Additionally, communication
and health equity have emerged as new major policy targets
through monthly public forums involving multiple agencies
during the planning process. The Master Plan established by
the central government is shared with local governments and
serves as the basis for the development and implementation of
the Master Plans at the metropolitan and municipal levels.

The Third Master Plan outlines the policy goals and direc-
tions for the next five years. This will enable seamless coordina-
tion with the central and local governments and management
strategies for the effective and integrated implementation of in-

fectious disease prevention and management policies.
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QuickStats

Trends in the Proportion of People Who Eat Out More than Once a
Day, 2012-2021

The proportion of people who eat out more than once a day (among those aged 1 year and over) was 25.5% in 2021, and
it has been decreasing from 2019. As of 2021, the percentage of men (31.4%) was about 10%p higher than in women (19.4%)
(Figure 1).
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Figure 1. Trends in the proportion of people who eat out more than once a day, 2012-2021
*Proportion of people who eat out more than once a day: proportion of people who eat out more than once a day, among those aged 1 year and
over.

"The mean in Figure 1 was calculated using age- and sex-specific structures of the estimated population in the 2005 Korea Census.

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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