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Abstract This study was carried out to analyze the effect sizes of exercise interventions on body
composition, serum levels, and health-related physical activities in middle-aged men based on articles
published in the period 2011-2021. The results of the 50 studies demonstrated a medium effect size of
0.506. In terms of heterogeneity, the Q value was 695.154, the Higgin's F value was 92.951, and the
standard error value was 0.043, indicating high reliability. The initial observation value and the adjusted
observation value were the same (0.446), (656.154), indicating that there was no publication bias for this
study. In the case of body composition, the effect sizes for body fat and body mass index (BMI) were
0.646 and 0.552, respectively. For physical fitness, the medium effect sizes of balance and muscle
strength were 0.713 and 0.685, respectively. In the case of blood lipids, insulin, the effect sizes of low
density lipoprotein (LDL)-cholesterol, and triglycerides were 0.710, 0.612, and 0.551, respectively. In the
case of experimental periods of 17-24 weeks and 9-12 weeks, the effect sizes were 0.690 and 0.583,
respectively. Considered together the results of this meta-analysis showed that exercise interventions
were effective in improving body composition, serum levels, and health-related physical fitness in
middle-aged men. It is expected that these results would be useful in the development of exercise
intervention programs for middle aged-men in the future.

Keywords : Exercise, Middle-Aged Men, Serum Levels, Body-Cmposition, Meta-Analysis

*Corresponding Author : Ae-Jung Kim(Kyonggi Univ.)

email: kaj419@kgu.ac.kr

Received August 2, 2021 Revised August 27, 2021
Accepted September 3, 2021 Published September 30, 2021

466



253 FARE AL

, N4 9 A7 AP ade] WA av 27 14

=

—

1. M

vt =19] 7
| 83.3412 5] F7teke AR, OECDIE =0l
Hle] Al 2.24, o7HE 2,999 7diggo] w2
Ao 2 YeRGTH1]. I3v} 20189 S-eviet 2wl A

20009 76419014 2019

gl 64.442 71dieg 82,7419k oF 179 Hx9]
o] rEhstTH2]

214171 E°1 TﬂUrEP =719 Hieg2 HES| S
7hstal glout, AAH 752 weskabgo] ZgHo] o
g md 0.75-1%9 TA F44e Holx SQIoh3l

Nilwik 5(2013)& L3jo] wret G50z 2459
7t g, 59, 19(42) 28uc 232
2.89] 247t FEHAA Uehdh stachdl. 244
o &AL 28 Faz ool UL ot A4
U % 5 YY A 25 YA 29
o Uobh A2A4et @ wueg 2eetA Hol 22
214 4me) Asto] ALk, A09) oIS N2 3
Wl AQle Bgstel 1% L AslHoR Huel o
Yo PR, R AL AL HE
50} 2he SO ATt AR EY BE, 28 ¥ 1F
ot et m clRet A9 wisle] H3slor sk =
9 5o= AAA A Aol A
3 % TG 7). ER, FH7

Sk
sl
O

A

Qe A3l F 1-2971 418
3 gL a2 Zrkskr Qo B

1oH of SHHOH 7P7/}$ A}“ng)ﬂ
(21. Ol% FAEd B A= AR HloH w2 Hl
=9] AlAZEC] 7P 2 UoR HojAH[6,7], 9
B 28 ol FFE vAA "ot =9 A3t
= 304 o]%-5E sjutct 0.75-1% H&= skt =
3} wr AAEE ‘:‘101 :1 2 lolrHiel. $4971
W5 AT AL A oo AEF A0 gt
o, vtk ARSlAyg E—é A7) A8l 2det 25
o w=A] Hastet17]. &, FAZQ AAEEE 7w
o= o g A A &, g, HE

© WeFLe HEES diz 588 9lo]

M AR S
O

e 7y
o
==

= 1
—l—l__:

467

HrH18,19].

ay, A% AYe 257] 98 LEneaRd] &
ofols FHEEAY 60%= 2527] 171Y Woll 255
E7]5h= Ao, 80.4%7F £50] WRAL 71T 9
oy eEmEIe] Fojgl 3.6%°] LA Ut
[20.21). ESHISBRR] H2d SddAel A9 £
S} Anz BF 50 4319 RS0 ol
Hl&o] % Ao ehTH22].

F97] o5 FHH £5S AP o :ng
Aot QAT Z7Pt wi2A] APHch23,24). &

O

=2

o
o

71-/\_0,] 2] o]_O_ = ch;g 7P/\ _J_:L pS| OH]E @—_/J\_’ /ﬂ
xﬂ%_}i 20} e ol 714 2 oloi B3I glck
I m2bA SEEAEL AT AA ERol He &

oia 2 goto] AR S
[19,26].

S B 989 B, 397] ol HE AAA

7158AE A 4 #EE 93 2554 ko] Ad

7] o/dEoll Hlsl £33t AAolct. o|= Qs ofgof H
3 Fge] Wagolut Zdirgo] W ZoE yEh:
oH5]. 18Rt g S 2554 TR Ofo] F&
7Ba7] AZENA AFEH] FHUEE HEY 253A
o2 0] Aggo] g uu|gh Aolct.

b 2 Ao FEEE 9EE 2554 ==
I 7S At 7|2AERE AEstaa 2 1047k
(2011-20219) ud A9 ARHAQl 259 &
3, UG 257 AGE, AT A A A
Hoj v Z3tT 7)o it AT7AEE $:7510] WERR
A& AAlst9Tt

2 Z7HAIAH & BaKol st

=
=

S AR AB ATE AT 44, A7A
AR %, AU, LEEF, AA
A2, BFAQ Ao B 16749 S

=,

(BMI, LBM, AA9F, 2 A ust @ B2z} 3

&5, 28, 434, 794, 4L, SS9 2HE,
HDL, IDL, 91&8, IZA®, 7 £4DE AAsto] zkz+
o] a337|18 A&t
1.2 SsAM L METIE

2011-20214¥(10¢zhH #xEd I B2 F
65,329W0]3lom, Aol A ofFo] me} Aol



]

&3 =74 A228 A9Z, 2021

hFig. 1).

28 AEY AN U9 A9 eSS HA
HIA(RISS), V7 |&d BEFABIANDSL), =3]EA
FHNAL), SHIAAAAME(NCMIK)E ©]-85t9L,
9]9] 7<% Cochrane Library, PubMed (MEDLINE),
Embase® 402 At £ A9 40 I8
3t =9 AA2 PICOS BA4]of whah AAst3it.

A Hpopulation/participants)S  FHHAS
Hdoz A7 FAE AR A case
group)o|™, SAHE AAXHBMI, LBM, AA
%, = A%, ot 9 ERAH, &), ABAHE
g, 7434, 194), €54 NAEE8AE, 2o
E|E, HDL, LDL, Sl&d, 95AH, 1t &/9)°] #Hd
16712 FA4=A. tdiZ7(control group)S &5
SHA] g2 FadAolt B dves e Hagat
HEUAE AAG AT hR2T9] APA-AREE H|IL
Sk AR AAEo] AAAn] 53k HolE7t ¢l
o, JHmo] A9 Hatd BEHA AAEA g2 2
et =5 AAE FMoHA gAY IFERE AAIGE F
Zo] gl A9, o J9 APd Froluh A9
$= BAUPdolA AlLstet. flet 2ol
3} HjA|7 |0l QAste] AE HF A
T=59] AGIHL Fig. 19 5 APH A7++=E9]
Table 10 A5

1.3 2137|

a3 7)(effect size)= AH
B B #EsE =
IE sy, S AFZEIE H|
= AEE B FroloH27,28].

AFHGT Y279 AFA-AREE H|asto] 83177
£ B4 el d-family®] a3437] AEEHE A
gotart. 4k2d a3 digh s HS Cohend
olg o] oAt a777]7} 0.2-0.5°]5HH 22 &
#37], 0.5-0.7°15td 3% 53+ 8337, 0.8 o]
W & B2 siAetiTH29l. EE, A7) A
S0 BAEE 5T7]= 95% A=EFE Aol 02 X

oteA] FRlste] A Folde FRISHATH2T).

=

468

Records identified through RISS, NDSL, NAL,
NCMIK, Cochrane library, PubMed(MEDLINE)
database searching (from 2011 to 2021)
(n= 65,329

] [ Identification J

Excluded (n = 61,468)
(did not meeet inclusion
creteria and duplicate data)

Titles/abstracts
screeneed
{n=3,861)

F

Full-text articles assessed
for eligibility
(n=152)

)7

studies included in
quantitative synthesis
(meta-analysis)
{n=50)

Screening

) (

Full-text articles excluded
{n=23,709)

(did not meeet inclusion
creteria )

Eligibility

Articles excluded [n = 102)
(did not meeet inclusion
creteria )

) (

Included

[

Fig. 1. Prisma flow diagram

1.4 012d &A™

o] /d(heterogeneity)°ldt 7E A=&ol AAH
Axe] F¢E 89 FHANE HAFH o EAsly, &
A2l HlolelE SR ot daE =28 o vet
U= T 7H9] Ajo|E w3lth27,28]. BAIAQL o] &4
2 7 A=19 aR37)7 Z44Ze] At Rtol| §lof
2tol7k Q=7+ QulstH30]. & AollAE oA o
5 2IskAt ¢k E(forestplot)E &9 AlFT=
gholslial, AEIS Yl Cochran's Q AAGOIA
) 2 Higgin's F statistics® 2FI5FATH30].

ok o

ol
=

erron)2A FAZCE Folgt ATAT AFEE0]
A Al EA 2= AFE T30 & 29 4
TET o] EASHE At A2 & Qoke A
< 9u3lt}. & AroAe S0HETS st &
7= H(funnel plot)?} trim-and-fill 71, StAA A
& H3H 5 AH8sIltH31L

1.6 SAEH

2 AFolMEs 2557 FaE8Y AdES A%
AFol| v &3 2715 E45IAL Biostat (Englewood,
USAHAE 7t webEs HEZ2THA CMA3
(comprehensive meta-analysis version 3)& AR89
Aot WA B2 H 9 Apo|(standardized mean



2EAVE S AdE, @AY 2 A AE a<ld vA ax 27] B4

Table 1. Total exercise effect size of middle-aged men

Author Publication Exercise Week Variable
year
Zdzieblik D. et al. 2021 Resistance |12 Fat-free-mass, bon-mass, waist-circumference, muscle-strength
Razi O. et al. 2021 Aerobic 8 Triglyceride, HDL-cholesterol, LDL-cholesterol
Bagheri R. et al 2020 Aerobic 8 BMI, body-fat-mass
. BMI, waist-circumference, fat-free-mass, total-cholesterol,
Poon ET. er al 2020 Aerobic 8 triglyceride, HDL-cholesterol, LDL-cholesterol
Kim JJ 2020 Aerobic 12 Fat-free-mass, muscle-strength, balance, flexibility
. BMI, fat-free-mass, total-cholesterol, triglyceride,
Yun §J 2019 Aerobic 12 HDL-cholesterol, LDL-cholesterol
Bagheri R. er al 2019 Resistance |8 BMI, LBM, body-fat-mass, bon-mass, muscle-strength
. . Fat-free-mass, muscle-strength, flexibility, total-cholesterol, trig
Kim JH 2018 Aerobic 1 lyceride, HDL-cholesterol, LDL-cholesterol
Wittke A. et al. 2017 Resistance |22 LBM, body-fat-mass, muscle-strength
BMI, body-fat-mass, waist-circumference, insulin,
Motiani P. et al. 2017 Aerobic 2 total-cholesterol, triglyceride, HDL-cholesterol,
LDL-cholesterol, inflammatory-indicators
| ) BMI, LBM, body-fat-mass, total-cholesterol, triglyceride, HDL-c
Lee KS er al 2017 Aerobic 8 holesterol, LDL-cholesterol, inflammatory-indicators
An Y] et al 2017 Ae?Obld— 8 BMI, body-fat-mass, muscle-strength, balance, flexibility
resistance
Aerobic+ Body-fat-mass, bon-mass, total-cholesterol, triglyceride,
Yun § 2017 resistance 8 HDL-cholesterol, LDL-cholesterol
J/oshua H. F. Cooper er a 2016 Aerobic 12 Fat-free-mass, body-fat-mass, inflammatory-indicators
Mora-Rodriguez R. et al. | 2016 Aerobic 16 BMI, waist-circumference, fat-free-mass, body-fat-mass
Kemmler W. et al 2016 Resistance | 16 Waist-circumference, body-fat-mass, triglyceride,
HDL-cholesterol
) ) Aerobic+ BMI, body-fat-mass, waist-circumference, triglyceride,
Aatashak 8. er al 2016 resistance 8 HDL-cholesterol, LDL-cholesterol
Schreuder T.H.A. et al. 2015 Resistance |8 BMI, insulin, triglyceride, HDL-cholesterol, LDL-cholesterol
Heo DS et al 2015 Aerobic 12 BMI, insulin, ALT, AST, inflam'm'a'tory—indicators,
muscle-strength, balance, flexibility
Brunelli D.T. et al. 2015 Ae-rob1c+ 24 BMI, waist-circumference, fat-free-mass, body-fat-mass
resistance
Eskelinen J. er al. 2015 Resistance |2 BMI, insulin, fat-free-mass, body-fat-mass, total-cholesterol
Zilinski J.L. et al 2015 Aerobic 18 Trlglycerlde, tétali-cholesterol, HDL-cholesterol, LDL-cholesterol,
inflammatory-indicators
Lee JM & Lee SE 2015 Aerobic 12 Fat-free-mass, body-fat-mass, triglyceride, total-cholesterol, HDL
-cholesterol, LDL-cholesterol
Nishiwaki M. et al. 2015 Aerobic 4 BMI, body-fat-mass, fat-free-mass, muscle-strength
Mendham A.E. er al. 2014 Aerobic 8 BMI, inflammatory-indicators
Arsalan D. er al 2014 Aerobic 8 Waist-circumference, insulin, triglyceride, HDL-cholesterol
Liira H. et al 2014 Aerobic 12 Triglyceride, total-cholesterol, HDL-cholesterol, LDL-cholesterol
Mair J.L. et al. 2014 Aerobic 10 BMI, body-fat-mass, fat-free-mass
Cho SB 2014 Resistance |12 BMI, body-fat-mass, insulin
Kim JK 2014 Aerobic 12 Body-fat-mass, muscle-strength
. . BMI, body-fat-mass, triglyceride, total-cholesterol,
Kim JD 2014 Aerobic 12 HDL-cholesterol, LDL-cholesterol
Paoli A. er al 2013 Aerobic 12 Total-cholesterol, HDL-cholesterol, LDL-cholesterol
Lee CW ef al 2013 Aerobic 3 BMI, triglyceride, total-cholesterol, HDL-cholesterol,
LDL-cholesterol
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Aerobic 12 BMI, LBM, fat-mass, fat-free-mass, waist-circumference,
Mika Venoj a rvi er al | 2013 triglyceride, total-cholesterol, HDL-cholesterol,
Resistance |12 LDL-cholesterol, ALT, AST, inflammatory-indicators
Lee KY 2013 Aerobic 12 Triglyceride, total-cholesterol, HDL-cholesterol,
LDL-cholesterol
) . . BMI, LBM, body-fat-mass, triglyceride, total-cholesterol,
Kim HD et al 2013 Aerobic 24 HDL-cholesterol, LDL-cholesterol
Kim EJ & Kim § 2013 Aerobic 12 BMI, body-fat-mass, -tr%gilycende, HDL-cholesterol,
muscle-strength, flexibility
Aerobic+ N .
Yang SW er al. 2012 . 16 BMI, body-fat-mass, waist-circumference
resistance
Libardi C.A er al 2012 Resistance | 8 BMI, triglyceride, total-cholesterol, HDL-cholesterol,
LDL-cholesterol
Kim SS 2012 Aerobic 12 Triglyceride, total-cholesterol, HDL-cholesterol,
LDL-cholesterol
Aerobict BMI, LBM, body-fat-mass, insulin, inflammatory-indicators, trigly
Jung HH & Lim ST 2012 resistance 12 ceride, total-cholesterol, HDL-cholesterol,
! LDL-cholesterol, muscle-strength, balance, flexibility
) | . BMI, LBM, body-fat-mass, insulin, triglyceride,
A Vinet et af 2011 Aerobic 8 total-cholesterol, HDL-cholesterol, LDL-cholesterol
Lee SE & Oh DJ 2011 AeTObld— 24 Triglyceride, HDL-cholesterol, body-fat-mass
resistance
. BMI, waist-circumference, insulin, triglyceride,
Tahara A. et al 2011 Aerobic 12 total-cholesterol, HDL-cholesterol, LDL-cholesterol
Libardi C.A. et al 2011 AETObIC-‘— 16 BMI, waist-circumference
resistance
Schwarz ER. & Robert D | 2011 Aerobic 2% BMI, body-fat-mass, insulin, triglyceride, total-cholesterol, HDL-
cholesterol, LDL-cholesterol
. ) . BMI, body-fat-mass, waist-circumference, triglyceride,
Pierce G.L. er af 2011 Aerobic 8 total-cholesterol, HDL-cholesterol, LDL-cholesterol
. . BMI, body-fat-mass, triglyceride, total-cholesterol,
Morikawa M. et al. 2011 Aerobic 20 HDL-cholesterol, LDL-cholesterol
Deibert P. et al 2011 Resistance |12 BMI' bo@y-fat-mass, walst—arcjumference. m}sul%n,
triglyceride, HDL-cholesterol, inflammatory-indicators
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Table 2. Total exercise effect size of middle-aged

men
K" | ES? | 95% cP? QY | pvalue | 2P | SE?
50 | 0.506 [0.420-0.591| 695.154 | p<0.001 | 92.951 | 0.043

UK: Number of study, 2FS: Effect size (point estimate),
low=0.2-0.5, middle=0.5-0.7, high=over 0.8,

ICI: Confidence interval, 4)QZ Q statistics,

P Higgin's 7 statistics, 9SE: Standard error.
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Table 3. Duval and Tweedie’s trim and fill test

results
95% C1”
Studies | Point Q? SEY
trimmed |estimate| Lower | Upper
limit limit
Observed| 1 4 446 | 0.425 | 0.467 |656.154| 0.043
values
Adusted || 446 | 0.425 | 0.467 |656.154| 0.043
values

UCI: Confidence interval, Z)Qi Q statistics,
YSE: Standard error.
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Table 4. The exercise effects size of middle-aged men by body composition
Intervention K" ES? 95% CP? Q4) p-value Y SE?
BMI 50 0.552 0.344-0.761 304.330 p<0.001 83.899 0.106
LBM . )
(lean body mass) 14 0.214 0.095-0.333 6.737 0.1 0.214
Bon mass 10 0.147 -0.031-0.326 2.260 0.1 - 0.091
Fat free mass 27 0.393 0.195-0.591 90.498 p<0.001 71.270 0.101
Abdominal 2 0.252 0.113-0.391 9.983 0.1 - 0.071
subcutaneous
_ Waist 30 0.290 0.170-0.410 40.383 0.1 28.188 0.061
circumference
Body fat mass 66 0.646 0.481-0.812 341.581 p<0.001 80.971 0.084
UK: Number of study, 2ES: Effect size(poi}nt estimate), low=0.2-0.5, middle=0.5-0.7, high=over 0.8,
9CI: Confidence interval, 4)Qi Q statistics, P Higgin's 7 statistics, 9SE: Standard error.
Table 5. The exercise effects size of middle-aged men by physical activities
Intervention K" ES? 95% CIP Q4) p-value £ SE?
Muscle strength 31 0.685 0.500-0.870 37.606 0.1 20.226 0.094
Balance 28 0.713 0.557-0.869 28.542 p<0.1 5.402 0.080
Flexibility 11 0.403 0.178-0.627 6.336 0.1 - 0.114

UK: Number of study, Z)ESZ Effect size(poi_nt estimate), low=0.2-0.5, middle=0.5-0.7, high=over 0.8,
9CIL: Confidence interval, 4)Qi Q statistics, P Higgin's 7 statistics, 9SE: Standard error.
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Table 6. The exercise effects size of middle-aged men by serum lipids levels

Intervention K ES? 95% CI” Q4) p-value £ SE?
Triglyceride 57 0.551 0.407-0.695 218.223 p<0.001 74.338 0.073
Total cholesterol 34 0.469 0.309-0.629 121.535 p<0.001 72.847 0.082
HDL- 44 0.451 0.300-0.603 173.210 £<0.001 75.175 0.077
cholesterol
LDL- c
35 0.612 0.398-0.825 227.369 p<0.001 85.046 0.109
cholesterol
Insulin 40 0.710 0.506-0.915 209.582 p<0.001 81.392 0.104
Inflammatory 34 0.466 0.298-0.634 93.799 (0,001 64.818 0.086
Indicators
ALT/AST 8 0.468 0.068-0.867 22.768 p£0.01 69.255 0.204

UK: Number of study, Z)FSI Effect size(point estimate), low=0.2-0.5, middle=0.5-0.7, high=over 0.8,

9CI: Confidence interval,

9Q: Q statistics, ?7: Higgin's 7 statistics, ®SE: Standard error.

Table 7. The exercise effects size of middle-aged men by weeks

Weeks K" ES? 95% CP’ Q4) p-value £ SE?
1-8 239 0.448 0.387-0.508 394.824 p<0.001 39.720 0.031
9-12 254 0.583 0.509-0.658 937.456 p<0.001 73.012 0.038
13-16 34 0.237 0.148-0.325 28.030 0.1 - 0.045
17-24 63 0.690 0.558-0.822 768.351 p<0.001 91.931 0.067

UK: Number of study, 2 ES: Bffect size(point estimate), low=0.2-0.5, middle=0.5-0.7, high=over 0.8,

3CI: Confidence interval, 4)Qi Q statistics,
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