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A Meta-analysis of the Effect of Walking Exercise on Lower Limb Muscle Endurance,
Whole Body Endurance and Upper Body Flexibility in Elders
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Purpose: The purpose of this study was to determine whether walking exercise improved physical function in elderly people us-
ing meta-analysis. Methods: Medical and nursing literature databases were searched to identify the studies on the effectiveness
of walking exercise on physical function. In the databases, there were 16 articles reporting 21 interventions. Overall effect sizes
for three outcome variables, elders’ physical function in lower limb muscle endurance, whole body endurance and upper body
flexibility, were calculated. Effects of study characteristics on outcome variables were analyzed. Results: The meta-analysis
showed that walking exercise generally had positive effects on CST (chair stand test), 6BMW (6 min walking), and SRT (standing
or sitting reach test) with overall weighted effect sizes of 1.06, 0.41 and 0.29 respectively. This study also showed that the chronic
disease status of the elders, intervention methods, and type of residence had different effects on CST, 6MW and SRT. Conclu-
sion: The results indicate that walking exercise improves physical function in elders. Walking exercise which can be done at any
time and any location is indeed a very effective exercise for elderly people.

Key words: Walking, Exercise, Aged, Meta-analysis

el =y - efH o= Fagk Aol HaL ik Alget A
SloflA] =9l 73] 0 F87F @ A= TRt o] ofyet

M

rhu
ko,
™Y
)

1. o] TaK JhsH BYAS B Rolch T2, 1e719] 4 testol

ok 1A 75 Aole} 915 0] o)A 9180 2lsto e}

QIR Z7FARS AN R SR 654 o4 U 71548 e A A4 2E0] Bas
2147} 1995 o= AAQITE2] 5.9%0] =4 HEste] 200089+ (Daley & Spinks, 2000; Schoenfelder & Rubenstein, 2004).

742 2715191 of] 5} A1Slo] HolST, 20108 FAIH  keSlo] Aol Heket S Alefelo] A0 2 el

£ 110%0131 21 2018\ 0] = 144% 2 | SEo] TFARIR AT 2H A 9le O]O‘EE— AAE 71553, e ols

210 2 A9 EICkStatistis Korea, 2010), o2 T2} AFBIO A e A B Ao/l 27k AEpAastol b 18]

Q0 27|, 28, =21, HEREA

Address reprint requests to : Park, Hyeoun-Ae
College of Nursing, Seoul National University, 103 Daehak-ro, Jongno-gu, Seoul 110-799, Korea
Tel: +82-2-740-8827 Fax: +82-2-765-4103 E-mail: hapark@snu.ackr

E3101:20139 29289 ARl 2013 39 202 AR 2013 7 3

© 2013 Korean Society of Nursing Science www.kan.or.kr ‘ ISSN 2005-3673



H
ro
n

3
&
pacs
rir
pacy
o
fru
i
J{L
_Q

S THGregg et al, 2003; Rolland et al.,

TheFet &% SOl A7l BalIe) SAkE gL Ak
of wjal e 7FeiA|= a4 AEH| A7 HojA] keQlofA ok
sl A gkst A4 ]§L£o 2 o]/\lgj_ Oh;}, o]_‘: },:O]oﬂ;“_‘:

kar

ol & ol
O]tHDe Carvalho Bastone & Filho, 2004; Korea Institute of Sport Sci-
ence, 2000).

= e v Are A

1919} A = 52 A s}
G2 Ao A 4=efo] 7H53h|, ofLjol| A F= e = ARk
7](Kang, 2007 Kim, 2008)2} Ajof| A Edl =& 0] 27](Kim.

2009) 0] 2 5ol A1 S)lek 17 AR oy
Carvalho Bastone & Filho, 2004; Schoenfelder & Rubenstein, 2004), T
I, X5 5o ukA)A] AHo] 91 w=2](Lim et al, 2009), X|ufj =21

i
H—'
o
w)
o

(Tappen, Roach, Applegate, & Stowell, 2000; Venturelli, Scarsini, &
Schena, 2011) £-© & t}oFsich

7158 o] A= Shin (1997), Son} Lee (2006)7} LHF-01S- thAlS.
= 3t Aol ARE7] 2ol Aul7s 4 5o AR
7[e /ol wrolet Bt Ol o=l 7kest 2]9) Fofo
A= Kang (2007)9] 1ol Al dehed] di/de] drbd7]e-gol 4l
A& 716]1 SRl AR 9] S7HE TR e
A AARIA = 25128 S HATk E3E Kim (2008)2] o]
A A7 S5 2o] tiz2o] wlele] 27elo] felat
A Btk ont o Aol oje Eahe molx) ghoth
Ha, Kwak} i 2012 ZAA LSS thito 2 3 Edloy A
71ollA] Azl SeHoll A Selat fol} ekt siic of
A A7) Q178 LU AT 71850l Gl o)Al
ake] 7)ok sk choysn] zkol me o e

wep 2t 1 8

A= 2 LHGu & Conn, 2008; Jung, 2006), 77 |2}=

U A7 =10 AAIA 71s ol vlAlE A

il
X
ol

LM I S

http://dx.doi.org/10.4040/jkan.2013.43.4.536

71280| StRIZX|Fe, TAX|7nt dHFAL0] 0lkl= Eat: HEREA]

537

Aol =01 FSAe] Aub
7 fe40] 714 gol 2=t

(Sung, 2007), T2} =Rl 8k olsted s 2elo] okl
o] ] t=o}Schoenfelder & Rubenstein,
2004), 59| A& vhgo ofsto] FAdE = At o] Fa35t
2 ofe] 2] 2248 Fa51o] 18l 47]5o] A1)

S SPAZATE, RAATE, A

[e] T
Ao ot L WAER A EE A S A & et e
o] Q15 Sl 1t - elefAje] 1) 27185 0] 1A 7]
1591 1A A, WA TR AL el lA) s fak 2]
2 wjof wvﬂ oz :71%%% HEFAR T 7S
A o771 5 S

Q0] B 9] 1e9) A7 E AolA] AR T

AR A 7)5 SFAFS 2 AT SR A7, AAIA L 3 AFA)-8-
Aol gt Z2te] antar) g TR F L ANES FUSH 71

£342718 AN ATLEREE 7HEATE 1S vastel 1
SR AR sl W E S ek AN
A o], 71 7122 B ch} ek

AR, 1=9) 27195 A7) kA B2} A g

9 e
s

A, 0] A7) F A $0| 7 F4S0] wv) 271 S £
3hck

AR, 129] 77]. 85 ZA7} 5240 S A T, HAR) T
A AT AR 7SR ol miAlE TR E &
x%r‘;h:},

S, A R 27125
o HgR =71 S vl gtk

ot

www.kan.or.kr



H=719] 2kl & vk AAIA 2 e St vERE A o

ol
o 0
o
1
Sl
rlo
Do
=
3 )
i
o)
e
5y
mtl:
K
i}
H6
o
m
N
l_r
ro
o

flo e

ol = =

1) A5+ Ak (participants)2 =21, 2) SA B (interventions)2 7]
TEOE TEHA F 225 TACIA Tl A7 1SAREge A
5 3) th =t (comparisons)o] Lo, A2 275 SAE %
Ot 22 ot &5 SAE WA (2 AL 4) S 24
Thi(outcomes = 771574 -0 taRI) 4141 7)) SRl
A7, HAATE AR A S BT AT 5 B, 228

A Az} oA 47} A E A sl
o] uhea} 2|48
o] ]zslo] 250 ol27|7e] 2] 2]
027 |70l 4] 2ol4ek 247] AR CST (chair
R EEEE BT R R e

=S B} 41 2 T 5

Qlﬂ
i3 OK
o
N R
i
P =
Ql"
x
g
-
1
rlo
ol
X
ri
= F{O
oft
ot of

o
N\
ox,

ol

]_
)_

228

=+

=

o,

.

o

22
rlr
(o8]

24

3
o
=
o[-gl N
=l
T
ot '

far wo Ef

pacs
rr

I
1

[o
i
=
i
m
N

AAFR1 6MW (6 min walking) 27
T EAAVH AR 7

7o) 24T 1 EHIE )

TL= Y
o
Ko
ox
i_:“
o
2]
ox
o
A

S
[eX
X
1o

rr

o
[

ol
_?L
N

o
%
ox
N

1
€]

o o
e o Ej 4 e
o
)

i)
D
N
o
ﬁ

AFS1 SRT (standing or sitting reach test) A5 ek

2) BT the =22 Atz

2 ALY T2 2012 9U7RR] WS =2 FollA] 20126 74
1078 20129 104 129714] =3 lo]EjHo] 29 QTEUl M
ARO|EE o]-§-5to] =3]8keIT) al T =] A =l
73 ot w554 4 - KERIS (Korean Education & Research In-
formation System) 2] SH&24) HAH|A(RISS) 2} =84 HAH| A
A28 KISS (Korean Studies Information Service System)2} 71 9] $F
S ek AANBIE}E] 5 715} B 8] Eold
2 o}gfo] o] Rolfick Zep=F-2 7155} U Ble) Hope] &
3 glolej#|o] A1 CINAHL (Cumulative Indexing Nursing & Allied
Health Literature)} PubMed2- 0]-8-5}¢] gl 73 23} 228
et % ARG 5Hoko] Amaloich AR A #2719

2= 95, A7) T} exercise, ‘walking, ‘aged 7} AFE-E| ATk T1

www.kan.or.kr

=8| - Hieol

ﬂ;
&
ox, E(Z r
o
1B
-
3
rx
oX,
>

olo m
9,
[t
N
of
3
ol
s
;L)f
o
x
filo
oft
o,
8
L

Q= A R 67, ) ST S i
Solu} 277k ol B 3B AASte] 5 91le] ke o] %
91 2725 BA LR FolA] 1) AT AL AFDH U
AA 97 20, 2) S47} 719k 12 o] EgEo] 9)
L AT 189, 44T R AEE A Z19) o,
49 %58 Sol/Avk el 71591 i), B A el A
24, Q1X)2 7] 3} PIE =2 35, ) BAV AR S A

[¢) lr_.“_:T'__

Ch(Figure 1

=

3. Xtz 24

E v|eHE A o] FA A 2] = Comprehensive Meta Analysis Version
202 o] &3, a3} 37 Bxo) A o H L fixed-effects

model& &85} EA519c)

i
r]I
2

m
ox,
Flo I
—
3
ol
3
NS
=
z
=
S
a~
8
=N
~
S
S
1o
re
-
il
jab
£l

of
el

_E_ o o
2ol i Al =S ol A YUEH A

.

HE2Z A Q715 8L, v]F2H9] t % (Non-Randomized Con-
trolled Trial) &L= NICE (National Institute for Health and Clinical
Excellence, 2006)0]| 4] AF-8-5}31 Q)= 125238}2] MINORS (Method-
ological Items for Non Randomized Studies) H7He~HF 0-243) &
o} gelol W A w712 sjic 2 Blol = re) A%

0| o] ofsilrk

3) &1t 37|9| sHAd

A37}37)%= Cohen (1977)9] 7|&& Z-&5to] d=08 0|22 &

http://dx.doi.org/10.4040/jkan.2013.43.4.536



=01 A7|280| SIXIZX|7E, FAUXFHnt HAIFHYo| 0jXl= &2t HEREA 539
357 articles with full text were screened and reviewed
Articles in English Articles in Korean
114 from ciNaHL | 99 from RISS
89 from Pubmed z: ffrrc(:r;n \lf\lf::siles of Acadernic Societies
266 articles were removed
Duplicated articles (86)
> Non experimental studies (67)
Studies without walking exercise (113)
91 articles with walking related articles was accepted |
75 articles were removed
Studies with one group pre-post test design (20)
P | Studies with walking and other interventions (18)
Studies with irrelevant dependent variables (35)
Studies with no relevant statistics available (2)
| 16 articles with 21 interventions |
Figure 1. Selection process for the final sample studies from all studies accessed.
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Table 1. A List of Articles Used in the Meta-Analysis

. o General characteristics Intervention methods Dependent

First author (year of publication) )

Sample size  Chronic disease status ~ Residence Type Wks variables

Bang (2007) 22 General elders Home General walking 14 SRT

Bastone (2004) 37 General elders Facility General walking 24 MW

Cho (2008) 43 DM Home General walking 12 CST, BMW

Ha (2012) 20 Elders with musculoskeletal Home Treadmill walking 12 SRT

diseases

Lim (2007) Group 1 49 General elders Home General walking 12 GST, 6BMW, SRT
Group 2 48 General elders Home Pole walking 12 CST, MW, SRT

Lim (2009) Group 1 27 Apoplexy elders Home General walking 12 CST, 6BMW
Group 2 17 Over weight elders Home General walking 12 CST, 6BMW
Group 3 21 IFG Home General walking 12 CST, 6BMW
Group 4 20 Overweight +IFG Home General walking 12 CST, MW

Kang (2007) 7 General elders Home General walking 12 GST, MW, SRT

Kim (2008) 26 General elders Home General walking 12 CST, SRT

Kim, H. (2009) 4 Elders with a stroke Facility General walking 12 CST, 6MW, SRT

Kim, S. (2009) Group 1 30 General elders Home Intermittent treadmill walking 12 CST, SRT

Group 2 30 General elders Home Continuous treadmill walking 12 CST, SRT

Rolland (2007) 110 AD Facility General walking 48 MW

Schoenfelder (2004) 58 General elders Facility General walking 12 MW
Shin (1996) 27 General elders Home General walking 8 SRT
Son (2006) 56 General elders Facility General walking 8 SRT
Tappen (2000) 45 AD Facility General walking 16 MW
Venturelii (2011) 21 AD Facility General walking 24 MW

DM=Diabetes mellitus; IFG=Impaired fasting glucose; AD=Alzheimer’s disease; Wks=Weeks; CST = Chalr stand test; BMW =6 min walking; SRT=Standing or sitting reach test.
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= 003-700, AR TS ST MW= 011-397 JARAdS |41 5302 obF 2 584 a3 2718 Bl A5-aL, YA
228 SRT= -0.28-145 W 9]0l 2SIk 172 83} 27]7} o= A2 ApGiek w2 871 A9 CSTE| 7
2t = 53 3719 e et o2 Aol A CST, Famar|e 10602 vjaa] 2 a3} 37|15 Hylon, 27|
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Table 2. Effect Size of CST, 6MT, and SRT by Individual Study
Lower limb muscle endurance (CST) ~ Whole body endurance (6MW)  Upper body flexibility (SRT)
ID First author (year of publication)
d (SE) d(SE) d (SE)
1 Bang (2007) 0.83(0.44)
2 Bastone (2004) 0.73(0.34)
3 Cho (2008) 7.00(0.83) 2.95(0.47)
4 Ha (2012 1.11(0.48)
5 Lim (2007) Group 1 2.32(0.37) 2.74(0.40) -0.28 (0.29)
6 Group 2 3.88(0.49 3.97 (0.50) 0.12(0.29)
7 Lim (2009) Group 1 1.34(0.45) 0.36 (0.41)
8 Group 2 0.42 (0.50) 0.83 (0.51)
9 Group 3 1.91(0.53) 1.15(0.47)
10 Group 4 0.54 (0.46) 0.18 (0.46)
11 Kang (2007) 0.03(0.26) 0.26 (0.26) 0.08 (0.26)
12 Kim (2008) 1.76 (0.47) 0.48 (0.41)
13 Kim, H. (2009) 1.48 (0.41) 0.27 (0.39) 0.55(0.39)
14 Kim, S. (2009) Group 1 1.02 (0.39) 0.45(0.37)
15 Group 2 0.42 (0.37) 0.41(0.37)
16 Rolland (2007)*
17 Schoenfelder (2004) 0.11 (0.26)
18 Shin (1996) 0.37(0.38)
19 Son (2006) 1.45(0.37)
20 Tappen (2000) 0.50 (0.30)
21 Venturelli (2011) 2.96 (0.63)
Weighted effect size: random-effect model 1.74 (0.41) 1.26(0.33) 0.30(0.12
*Rolland (2007) was removed for further analysis because it had missing values. d (SE) = Effect size (Standard error); RCT=Randomized controlled trial;
NRCT =Non-randomized controlled trial. Rolland (2007), Kim, S. (2009), and Venturelli (2011) are random controlled trials, and the remaining 13 are non-random controlled trials.
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Table 3. Weighted Effect Size of CST, BMT and SRT: Fixed-effect Model

Contents Kk* d+t 95% CI* BESD (n)° Z@p) Q)" Nfs*
Lower limb muscle endurance (CST) 8 1.06 0.76-1.37 0.47 6.86 (.001) 12.20 (.094) 152
Whole body endurance (6MT) 9 0.41 0.18-0.63 0.20 3.53 (.001) 6.11 (.635) 171
Upper body flexibility (SRT) 10 0.29 0.07-0.51 0.14 2.61(.008) 10.23 (:332) 190

Study 3,5,6,and 11 were removed for CST; 3,5,6, and 21 were removed for 6MW; 19 was removed for SRT. *Number of the effect size; Mean effect size weighted by the inverse of their
effects variance; *95% confidence interval; *Binomial effect size display; Total effect size (p); "Homogeneity statistics; “Fail-safe number.

Table 4. Comparison of Weighted Effect Sizes of CST, BMW and SRT by Study Characteristics: Fixed-effect Model

Mediating i CST (n=8) 6MW (n=9) SRT (h=10)
. Categories

variables k d° 95%Cl Q@ k d° 95%Cl Q@ k d°  95%Cl Q@

Chronic disease  Elders without chronic 3 0.96  0.50-1.41 5.06 (.080) 3 031 -001-063 2.14(342) 8 021 -0.02-045 6.42(.491)

status diseases
Elders with chronic 5 114 0.74-155 6.78(.148) 6 050 0.18-0.83 327(662 2 0.77 0.18-1.35 0.83(.360)
diseases

Type of walking General walking 6 124 087-1.62 8.19(.145) 9 041 018-0.63 6.11(635 6 022 -0.06-049 6.42(.268)
Other walking 2 070 0.18-1.22 1.28(.257) 4 041 0.05-0.76 3.14(371)

Type of residence  Home 7 099 067-1.32 10.98(089 5 045 011-0.79 366(454) 9 027 004-049 9.71(285)
Facility 1 148 068-229 4 037 007-068 235(503) 1 055 -098-1.30
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