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Purpose: Pulmonary rehabilitation (PR) programs are important in the treatment of patients with
chronic obstructive pulmonary disease (COPD) but vary widely in type, duration, and efficacy. This meta-
analysis investigated the effect of PR programs on respiratory muscle strength in patients with COPD.
Methods: PubMed, Embase, and CINAHL were searched. The primary outcome variables were maximal
expiratory pressure (MEP) and maximal inspiratory pressure (MIP). The secondary outcome variables
were the modified Borg score after the 6-min walking test, percent predicted forced expiratory volume in
1 second (FEVi%pred), and percent FEV;/forced volume capacity (FVC). Comprehensive Meta-Analysis,
version 3.0, was used to analyze the data. The effect size was calculated using the standardized mean
difference (SMD) and 95% confidence interval (CI).
Results: Twenty randomized controlled trials (with 992 participants) were included in the analysis. The
PR programs had a significant effect on the MEP (SMD, 0.87; 95% CI, 0.42—1.32; p < .001), MIP (SMD, 0.53;
95% CI, 0.13—0.93; p = .009), and modified Borg score (SMD, —0.37; 95% CI, —0.52 to —0.22; p < .001) in
patients with COPD. There was no effect on FEV%pred (SMD, 0.09; 95% CI, —0.12 to 0.30; p = .406) or
FEV1/FVC% (SMD, 0.04; 95% CI, —0.17 to 0.26; p = .702).
Conclusion: PR programs improve respiratory muscle strength in patients with COPD. Strategies for
selecting a suitable PR program need to be developed, and future studies should evaluate the long-term
effects of such programs on pulmonary function.
© 2019 Korean Society of Nursing Science, Published by Elsevier Korea LLC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction abnormal increase in muscle activity causes a feeling of exhaustion

and increases dyspnea and exercise intolerance [6]. Respiratory

Chronic obstructive pulmonary disease (COPD) is characterized
by dyspnea, chronic cough, production of sputum, and decreased
physical activity [1] along with a marked reduction in exercise ca-
pacity [2]. The management of COPD imposes a heavy economic
burden [3], and the disease is one of the major causes of mortality
throughout the world [1,4]. However, the Global Initiative for
Obstructive Lung Disease (GOLD) considers COPD to be controllable
if managed well and has set a goal of relieving symptoms and
reducing exacerbations in these patients [1].

Movement of the diaphragm decreases in patients with COPD
because of reduced airflow, which leads to a compensatory increase
in the activity of the respiratory muscles in the chest wall [5]. This
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muscle weakness increases the mortality risk in patients with
COPD, and weakness of the expiratory muscles in particular is a risk
factor for acute exacerbation, requiring readmission to hospital [7].
Therefore, it is necessary to assess respiratory muscle strength in
patients with COPD and provide intervention if necessary.

Pulmonary rehabilitation (PR) is an important non-
pharmacologic approach in the management of patients with COPD
[8]. Respiratory muscle training (RT) is a type of PR that helps
reduce dyspnea and improve respiratory muscle strength, lung
function, and quality of life in patients with COPD [9—12]. Respi-
ratory muscle dysfunction may be present even in patients whose
COPD is clinically stable [7]. Therefore, in an effort to increase ex-
ercise capacity and reduce dyspnea, RT should be considered when
planning a PR program [2].

Physical exercise (PE) is also a type of PR that can improve ex-
ercise tolerance, symptoms of dyspnea, and fatigue in patients with
COPD [1]. The National Institute for Health and Care Excellence
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recommends that all patients with COPD should participate in a PE
program [13]. Therefore, reduced exercise capacity should be
detected early in patients with COPD, and systematic PE programs
should be implemented to prevent exacerbations [14].

Various PR programs have been developed to improve dyspnea
and pulmonary function in patients with COPD. However, the
effectiveness of these programs has varied depending on the study
design, the type and duration of the program used, and the severity
of the disease. Therefore, there is a need to integrate the results of
the individual studies. Both PE and RT are important interventions
in PR programs for patients with COPD. The effect of RT on respi-
ratory muscle strength in patients with COPD has been demon-
strated in meta-analyses. However, we could not find a meta-
analysis of the effects of PE on respiratory muscle strength in
these patients. In this study, we confirmed the total effect size for
PR as well as the effect sizes for PE and RT by subgroup analysis.

The primary outcome variables in this meta-analysis were the
associations of respiratory muscle strength with mortality and
readmission to hospital. The secondary outcome variables included
dyspnea and lung function, which directly affect the exercise ca-
pacity, prognosis, and quality of life.

Methods
Search strategy

The PubMed, Embase, and CINAHL databases were searched
using the following terms: (“chronic obstructive pulmonary dis-
ease” OR “COPD” OR “chronic obstructive lung disease” OR “chronic
obstructive airway disease” OR “chronic bronchitis” OR “emphy-
sema” OR “pulmonary emphysema”) AND (“pulmonary rehabili-
tation” OR “program” OR “intervention” OR “training” OR “exercise”
OR “activit*” OR “respirat*” OR “breath*”). Medical Subject Head-
ings (MeSH) search terms were used. The searches were limited to
English language publications in the previous 10 years
(2006-2016), randomized controlled trials (RCTs) in human adults,
and articles for which the full-text versions were available.

Study selection

The criteria for study selection, according to the PICO (Pop-
ulation—Intervention—Comparison—Outcomes) process, were as
follows: (1) Population, patients with COPD; (2) Intervention, PR
programs that included PE or RT; (3) Comparison, usual treatments;
and (4) Outcomes, maximal expiratory pressure (MEP) and
maximal inspiratory pressure (MIP) in cmH,0 (primary outcomes)
and modified Borg score after the 6-min walking test (6MWT),
percent predicted forced expiratory volume in 1 second (FEV{%
pred), and FEV;/forced vital capacity (FVC) as a percentage (sec-
ondary outcomes); and (5) an RCT design.

Studies were excluded if the participants were inpatients, if
pharmacologic, oxygen, ventilator, electrical stimulation, or
acupuncture therapy was provided as an intervention, if the
full text of the article was unavailable, if only one study of a
certain type of PR program was available, and if the mean and
standard deviation values for the outcome variables were not
reported.

Data extraction

Two researchers extracted the following data from the included
studies: first author; year of publication; the number of subjects;
age of the participants; FEVi%pred (disease severity); characteris-
tics of the program (i.e., type, duration, frequency, time); and
outcome values (i.e., MEP [cmH,0], MIP [cmH;0], modified Borg

score after 6MWT, FEV %pred, and FEV1/FVC%). Any discrepancies
in data extraction between the two researchers were resolved by
discussion.

Quality assessment of selected studies

Two researchers assessed the quality of the included studies by
independently evaluating each of the seven items included in the
“Risk of Bias” tool developed by the Cochrane Collaboration. Each of
the following items was rated as “high,” “low,” or “unclear”:
“random sequence generation,” “allocation concealment,” “blind-
ing of participants and personnel,” “blinding of outcome assess-
ment,” “incomplete outcome data,” “selective reporting,” and
“other bias.” The two researchers performed a pilot test that
included five of the studies to ensure the reliability of the quality
assessment.

» o«

Data analysis

The data were analyzed using Comprehensive Meta-Analysis,
version 3.0 (Biostat, Englewood, NJ, USA). For continuous out-
comes, the effect size variables, including the standardized mean
difference (SMD) and 95% confidence interval (CI), were calculated.
A random effects model was used if the results showed heteroge-
neity. Heterogeneity was assessed using the Higgins I* test and
defined as low (I> < 25%), moderate (25% < I < 50%), or high
(I > 50%) [15]. Potential publication bias was evaluated using a
funnel plot.

Results
Literature search

Figure 1 shows the literature search process according to the
Preferred Reporting Items for Systematic Reviews and Meta-Ana-
lyses (PRISMA) guidelines [16]. A total of 1822 potentially relevant
studies were identified. After removing duplicates, reviewing the
titles and abstracts, and excluding inadequate studies, 20 studies
were eligible for inclusion in the meta-analysis. These 20 articles
are listed in the Appendix.

Characteristics of selected studies

The characteristics of the 20 included studies (representing
25 PR programs) are shown in Table 1. There were 595 patients
in the experimental group (7—60 patients per study) and 397 in
the control group (6—48 patients per study). The mean patient
age was 63.44 (range, 54.40-73.60) years in the experimental
group and 65.32 (range, 56.40-73.60) years in the control
group. The mean FEV %pred was 46.1% (range, 27.0—75.3%) in
the experimental group and 45.9% (range, 28.0—75.31%) in the
control group. Most of the patients had stage II or III COPD.
Thirteen studies involved PE [A6—8,A10—12,A14—20], five
involved RT [A1-2,A4—5,A13], and two involved a combination
of both strategies [A3,A9] (see Appendix). The program appli-
cation time was 10—90 minutes per session, and the frequency
ranged from twice a week to daily. The control group usually
received routine treatments.

MEP [A2,A4,A6,A14,A16,A20] and MIP [A1-2,A6,A13—14,A20]
were measured in six studies (eight programs) to evaluate respi-
ratory muscle strength. Thirteen studies (16 programs) measured
the modified Borg score after the 6MWT to assess dyspnea
[A1,A4—-5,A7—8,A10—11,A14—19]. Pulmonary function was evalu-
ated using the FEV %pred [A1,A3,A9,A12,A15,A20] and FEV{/FVC%
[A1,A3—4,A12,A15,A20] in six studies (eight programs).
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Total 1,822 studies identified

Identification

A 4

[

511 studies excluded due to duplication

]

1,311 studies screened

Screening

1,096 studies screened by title and abstract

Not topic related (n=351)

Not an experimental study (n=16)

Study protocol (n=48)

Conference abstract (n=1)

Not a respiratory muscle training or physical
exercise program (n=680)

215 studies eligible

Eligibility

195 studies excluded

Inadequate research design (n=68)

Cannot extract the data (n=18)

Inadequate subjects (n=30)

Inadequate outcomes (n=62)

Not recorded Pre, Post values respectively (n=9)
Full text not available (n=4)

Only one study of a certain type of program (n=3)
Intervention duration of 44weeks (n=1)

Included

20 studies included

Figure 1. Flow diagram of the study selection process.

Quality of the selected studies

The methodologic quality of all the included studies was
judged to be “moderate” based on the distribution for each item
assessed for risk of bias. For random sequence generation, the risk
of bias was low in all studies (100.0%). For allocation conceal-
ment, the risk of bias was low in 15.0% and unclear in 85.0%. For
blinding of participants and personnel, there was a low risk of
bias in 30.0% and a high risk in 70.0%. For blinding of outcome
assessment, the risk of bias was low in 35.0%, high in 55.0%, and
unclear in the remaining 10.0%. For incomplete outcome data,
most studies (95.0%) had a low risk of bias. Finally, for selective
reporting, the risk of bias was low in 25.0% and unclear in the
remaining 75.0%. There was no mention of “other bias”. The
detailed results of the quality assessment for selected studies are
shown in Table 1.

Effects of PR programs
The effects of the PR programs were calculated according to

the primary and secondary outcome variables. The primary
outcome variables were the MEP and MIP, and the secondary

outcome variables were the modified Borg score after the 6MWT,
FEV %pred, and FEV1/FVC%. In cases in which there was hetero-
geneity in any of the variables, a subgroup analysis was performed
according to the PR strategy used (PE vs. RT) and duration of the
program (4—6 weeks vs. 8—12 weeks). The effect size in the
subgroup analysis was calculated only when the number of
studies was >2.

Effects of the PR program on expiratory muscle strength

The MEP was measured in six studies. The heterogeneity was
more than moderate (%% = 18.12, df = 7, p = .011; I = 61.4%), s0 a
random effects model was used (Figure 2). The overall effect size
of the PR program gave an SMD of 0.87 (95% CI, 0.42—1.32),
indicating a statistically significant improvement in MEP (Z = 3.81,
p < .001).

In the subgroup analysis according to the type of program
(Figure 2), the effect size of the PE strategy gave an SMD of 0.87
(95% CI, 0.44—1.31), indicating that there was a significant in-
crease in MEP (p < .001) after PE. However, the effect size of RT
(k = 2) gave an SMD of 1.01 (95% CI, —0.95 to 2.97), meaning that
RT did not significantly improve the MEP (p = .313). There was no
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Study name for each study
Std diff  Standard Lower Upper MEP cmH20
in means error Variance limit limit Z-Value p-Value
Koppers, 2006 0.079 0.333 0111 -0574 0733 0238 0812 —.—
Mota, 2007 2.087 0.635 0403 0843 3330 3288  0.001
Nakamura, 2008 (1) 1.002 0.446 0199 0128 1.875 2247  0.025 —
Nakamura, 2008 (2) 1.197 0.486 0236 0246 2149 2466 0014 ——
Pleguezuelos, 2013 0.242 0.281 0079 -0.309 0793 0860  0.390 = —
Farias, 2014 0.699 0.354 0125 0005 1393 1975  0.048 ——
Duruturk, 2016 (1) 1.768 0.447 0199 0893 2643 3959  0.000 — —
Duruturk, 2016 (2) 0.780 0.400 0160 -0.003 1563 1952  0.051 ——
Subtotal 0.873 0.229 0053 0423 1322 3806  0.000 <
Heterogeneity: Tau2=0.25% Chi2=18.12 df=7 p=.011; 12=61.4% ~4.00 -2.00 0.00 2.00 4.00
Test for overall effect: Z=3.806 p=.000 Eavours Confre Favours Experimental
Subgroup-analysis
Group by Study name Statistics for each study
Type Std diff Standard Lower Upper By program type
inmeans error Variance limit limit Z-Value p-Value
PE Nekamura, 2008 (1) 1.002 0446 0199 0.128 1875 2247 0025 —
PE Nekamura, 2008 (2) 1.197 0486 0236 0246 2149 2466 0014 ——
PE Pleguezuelos, 2013 0.242 0281 0079 -0.30¢ 0793 0860 0320
PE Farias, 2014 0.699 0354 0425 0005 1.393 1975 0048
PE Duruturk, 2016 (1)  1.768 0447 0199 0893 2643 3959 0000 ——
PE Duruturk, 2016 (2) 0.780 0.400 0.160 -0.003 1563 1952 0.051
PE 0.874 0222 0049 043¢ 130¢ 3941 0000 <O
RT Koppars, 2006 0.079 0333 0411 -0574 0733 0238 0812
RT Mota, 2007 2.087 0635 0403 0843 3330 328 0001
RT 1.010 1.001  1.002 -0951 2972 1009 0.313
Overall 0.881 0217 0047 0456 1305 4066 0000 <P
. ; 2. i . 4.00
Heterogeneity: Q-value=0.018 df=1 p=.894 4% 0 2 200
Favours Control Favours Experimental
Group by Study name Statistics for each study
Durati .
wration Stddiff Standard Lower Upper By program duration
inmeans error Variance limit limit Z-Value p-Value
4-6 wks Koppers, 2006 0.079 0333 0111 -0574 0733 0238 0812
4-6 wks Mota, 2007 2087 0635 0403 0843 3330 3288 0.001
4-6 wks Pleguszuelos, 2013  0.242 0281 0079 -0309 0793 (0860 0390
4-6 wks Duruturk, 201€ (1)  1.768 0.447 0199 0.8¢3 2643 3959 0.000
4-6 wks Duruturk, 2016 (2)  0.780 0400  0.160 -0.003 1.563 1952 0.051 — —
4-€ wks 0.881 0.35¢ 0129 0178 1585 2455 0.014 -~
8-12 viks Nakamura, 2008 (1) 1002 0446 0199 0128 1875 2247 0025 —
8-12 wks Nakamura, 2008 (2) 1.197 048 0236 0246 2149 2466 0014
8-12 viks Farias, 2014 0.699 0354 0125 0005 1393 1975 0.048 — —
8-12 viks 0.910 0241 0058 0438 138 3779 0.000 i
Overal 0.901 0200 0040 0509 1293 4506 0.000 <D
-4.00 -2.00 0.00 2.00 4.00

Heterogeneity: Q-value=0.004 df=1 p=.948

Favours Control Favours Experimental

Figure 2. The effect of pulmonary rehabilitation on expiratory muscle strength.
Note. MEP = maximal expiratory pressure.

significant difference in the effect size between PE and RT
(Q=0.02,df =1, p = .894).

In the subgroup analysis according to duration of the program
(Figure 2), the effect size of a 4- to 6-week program (k = 5) gave an
SMD of 0.88 (95% CI, 0.18—1.59), indicating a statistically significant
improvement in MEP (p = .014). Similarly, an 8- to 12-week pro-
gram (k = 3) resulted in an SMD of 0.88 (95% CI, 0.18—1.59), indi-
cating a statistically significant improvement in MEP (p < .001).

There was no significant difference in the effect size according to
duration of intervention (Q = 0.00, df = 1, p = .948).

Effects of PR program on inspiratory muscle strength
The MIP was measured in six studies. The heterogeneity be-

tween studies was more than moderate (2 = 15.61,df = 7, p = .029;
I = 55.1%), so a random effects model was used for the analysis
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Table 1 Characteristics of Included Studies in the Meta-Analysis.

Study (year) Group Sample Age Disease- Severity Type of program Program Outcomes
size (n)  (yrs) (FEV1%prea) Time (min) Freq (/wk) Duration (wks)
Hill (2006) [A1] Exp 16 69 374 High intensity 20 3 8 MIP, mBorg score
inspiratory-muscle training
Cont 17 67 36.5 Sham training FEV4, FEV4/FVC
Koppers (2006) [A2] Exp 18 54 50.0 Respiratory muscle 30 daily 5 MEP
-endurance training
Cont 18 57 58.0 Sham training MIP
Karapolat (2007) [A3] Exp 26 65 54.8 Conventional PR 30 3 8 FEV,
Cont 19 67 55.0 Usual care FEV,/FVC
Mota (2007) [A4] Exp 10 62 27.0 Expiratory muscle training 30 3 5 MEP, mBorg score
Cont 6 66 28.0 Sham training FEV,/FVC
Nield (2007) [A5] Exp1 10 62 35.0 Pursed lip breathing 10-25 daily 4 mBorg score
Exp2 7 63 43.0 Expiratory muscle training
Cont 9 69 40.0 No intervention
Nakamura (2008) [A6] Exp1 10 69 53.2 Aerobic+Strength 60 - 12 MEP
Exp2 13 68 52.7 Aerobic+Recreation MIP
Cont 10 70 48.2 No program
Borghi-Silva (2009) [A7] Exp 20 67 33.0 Aerobic exercise 50 3 6 mBorg score
Cont 14 67 35.0 Usual care
Breyer (2010) [A8] Exp 30 62 48.1 Nordic walking 60 3 12 mBorg score
Cont 30 59 47.1 No exercise
Ghanem (2010) [A9] Exp 25 57 294 Home-based PR - 3-4 8 FEV;
Cont 14 56 23.2 Usual care
Chan (2011) [A10] Exp1l 60 72 - Tai-chi Qigong 60 2 12 mBorg score
Exp2 50 74 - Exercise
Cont 48 74 - Routine activity
Souto Araujo (2012) [A11]  Exp1 8 62 43.9 Aquatic exercise 20 3 8 mBorg score
Exp2 13 57 39.2 Floor exercise
Cont 11 71 45.1 Usual care
Liu (2012) [A12] Expl 51 62 744 Health Qigong 60 3 24 FEV,
Exp2 32 61 753 Conventional PR FEV4/FVC
Cont 35 62 75.3 Usual medical treat
Petrovic (2012) [A13] Exp 10 59 55.9 Inspiratory muscle training - daily 8 MIP
Cont 10 60 54.8 No training
Pleguezuelos (2013) [A14] Exp 26 68 37.1 Whole body vibration 20 3 6 MEP, MIP
Cont 25 71 32.0 No intervention mBorg score
Wadell (2013) [A15] Exp 17 67 48.0 Pulmonary rehabilitation 50 3 8 mBorg score
Cont 24 66 48.0 Usual care FEV;, FEV,/FVC
Farias (2014) [A16] Exp 18 65 56.1 Aerobic walking 40-60 5 8 MEP
Cont 16 71 51.0 Education mBorg score
Mkacher (2015a) [A17] Exp 32 61 40.2 Balance training+PR 30 3 24 mBorg score
Cont 30 64 39.3 Standard PR
Mkacher (2015b) [A18] Exp 35 58 394 Balance training+PR 30 3 24 mBorg score
Cont 33 61 38.6 Standard PR
Pradella (2015) [A19] Exp 29 62 43.9 Home-based PR 15-40 3 8 mBore score
Cont 15 65 54.0 No intervention
Duruturk (2016) [A20] Exp1l 15 61 58.4 Cycle exercise 20-30 3 6 MEP, MIP
Exp2 14 61 57.2 Calisthenic exercise FEV,
Cont 13 64 63.6 Education FEV,/FVC

Note. Cont = control group; Exp = experimental group; FEV; = forced expiratory volume in one second; FVC = forced volume capacity; MEP = maximal expiratory pressure;
MIP = maximal inspiratory pressure; mBorg score = modified Borg score; PR = pulmonary rehabilitation; wks = weeks; yrs = years.

(Figure 3). The effect size of a PR program on the MIP resulted in an
SMD of 0.53 (95% CI, 0.1—0.93), indicating a statistically significant
improvement (Z = 2.60, p = .009).

In the subgroup analysis according to the type of program
(Figure 3), the effect size of PE (k = 5) on the SMD was 0.33 (95%
Cl, 0.00—0.65), indicating a statistically significant improvement
(p = .048). However, the effect size of RT (k = 3) resulted in an
SMD of 1.06 (95% CI, —0.15 to 2.28), indicating no statistically
significant improvement (p = .087). There was no significant
difference in the effect size between PE and RT (Q = 1.31, df = 1,
p = .253).

In the subgroup analysis according to duration of the program
(Figure 3), the effect size of the 4- to 6-week group (k = 4)
resulted in an SMD of 0.34 (95% CI, —0.02 to 0.69), indicating no
statistically significant improvement (p = .064). The effect size of
the 8- to 12-week group (k = 4) gave an SMD of 0.86 (95%
Cl, -0.01 to 1.78), which was not statistically significant
(p = .054). There was no significant difference in the effect size

between the 4- to 6-week and 8- to 12-week groups (Q = 1.18,
df =1, p = .278).

Effects of a PR program on dyspnea (modified Borg score)

The modified Borg score after the 6MWT was measured to
assess dyspnea in 13 studies. The heterogeneity of these studies
was low (32 = 17.59, df = 15, p = .285; I> = 14.7%), and the effect size
was calculated using a fixed effects model (Figure 4). In the meta-
analysis, the overall effect size gave an SMD of —0.37 (95%
Cl, —0.52 to —0.22), indicating that participation in a PR program
significantly reduced dyspnea in patients with COPD (Z = —4.90,
p <.001).

Effects of a PR program on pulmonary function (FEVi%preq, FEV1/FVC%)

Six studies that measured FEV%pred showed no heterogeneity
(y? = 162, df = 7, p = .978; I = 0%), and the effect size was
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Study name istics for each study
Std diff  Standard Lower Upper M | p cmH 20
in means error Variance limit limit Z-Value p-Value
Hill, 2006 0.709 0.359 0129  0.005 1.413 1975  0.048
Koppers, 2006 0.120 0.334 0.111 -0.534 0.774 0.360 0.719
Nakamura, 2008 (1) 0.600 0.430 0.185 -0.243 1.442 1.396 0.163
Nakamura, 2008 (2) 0.313 0.450 0202 -0.569 1.194 0.695 0.487
Petrovic, 2012 2.669 0.615 0378 1464 3.874 4341  0.000 —_1
Pleguezuelos, 2013 0.282 0.281 0.079 -0.270 0.833 1.001 0.317
Duruturk, 2016 (1) 0.206 0.380 0.144 -0.538 0.951 0.543 0.587
Duruturk, 2016 (2) 0.327 0.388 0.150 -0.433 1.086 0.842 0.400
Subtotal 0.532 0.205 0.042 0.131 0.934 2.597 0.009 ’
Heterogeneity: Tau’=0.18% Chi’=15.61 df=7 p=.029; I°=55.1% -4.00 -2.00 0.00 2.00 4.00
Test for overall effect: Z=2.597 p=.009 — S S
Subgroup-analysis
Group by Study name Statistics for each study
Hps Std diff Standard Lower Upper By program type
inmeans error Variance limit limit Z-Value p-Value
PE Nakamura, 2008 (1) 0.600 0.430 0.185 -0.243 1442 139 0.163
PE Nakamura, 2008 (2) 0.313 0.450 0202 -0.569 1.194 0695 0.487
PE Pleguszuelos, 2013 (0.282 0.281 0079 -0.270 0.833 1.001 0.317
PE Duruturk, 2016 (1)  0.206 0.380  0.144 -0.538 0.951 0.543  0.587
PE Duruturk, 2016 (2) 0.327 0.388 0.150 -0.433 1.086 0.842 0.400
PE 0.327 0.165 0.027 0.003 0651 1976 0.048
RT Hill, 2006 0.709 0.359 0129 0.005 1413 1975 0.048
RT Koppers, 2006 0.120 0.334 0111 -0.534 0.774 0360 0.719
RT Petrovic, 2012 2.669 0615 0378 1464 3874 4341 0.000 —_ —
RT 1.061 0.620 0384 -0.154 2276 1.711 0.087 -
Overall 0.376 0.160 0026 0052 0689 2350 0079 .
Heterogeneity: Q-value=1.309 df=1 p=.253 400 200 0:00 200 00
Favours Control Favours Experimental
Group by Study name Statistics for each study
Ll Std diff Standard Lower Upper B d H
inmeans error Variance limit limit Z-Value p-Value y progra m duration
4-6 wks Hill, 2006 0.709 0.359 0.129 0005 1.413 1975 0.048
4-6 wks Koppers, 2006 0.120 0.334 0.111 -0534 0774 0.350 0.719
4-6 wks Duruturk, 2016 (1)  0.206 0.380 0.144 -0.538 09517 0543 0.587
4-6 wks Duruturk, 2016 (2) 0.327 0.388 0.150 -0.433 1.086 0.842 0.400 —-.—
4-6 wks 0.336 0.182 0.033 -0.020 0692 1.849 0.064 .
8-12 wks Nakamura, 2008 (1) 0.600 0430 0185 -0243 1442 1396 0.163 -——
8-12 wks Nakamura, 2008 (2) 0.313 0.450 0.202 -0.569 1.194 0.695 0487 —-.—
8-12 wks Petrovic, 2012 2.669 0615 0378 1464 3874 4341 0000 —_ —
8-12 wks Pleguezuslecs, 2013 0.282 0.281 0.079 -0270 0.833 1.001 0.317 —I.—
8-12 wks 0.855 0443 0196 -0013 1724 1931 0054 ool
Overall 0.411 0.158 0.028 0.081 0.740 2443 0.015 .
Heterogeneity: Q-value=1.178 df=1 p=.278 =h00 a0 . a0 400
Favours Control Favours Experimental

Figure 3. The effect of pulmonary rehabilitation on inspiratory muscle strength.
Note. MIP = maximal inspiratory pressure.

calculated using a fixed effects model (Figure 5). The overall effect that PR programs did not significantly improve the FEV{/FVC%
size resulted in an SMD of 0.09 (95% CI, —0.12 to 0.30), indicating (Z=0.38,p =.702).
that the PR program did not significantly improve FEV;i%pred

(Z =0.83, p = .406). Publication bias
The FEV1/FVC% was measured in six studies. No heterogeneity
was found between the studies (x? = 6.11, df = 7, p = .527; I = 0%), The effect size of the PR program revealed statistically signifi-

and the fixed effects model was used (Figure 5). The overall effect cant changes in the MEP, MIP, and modified Borg score. Therefore,
size resulted in an SMD of 0.04 (95% CI, —0.17 to 0.26), indicating we examined the publication bias of the studies that included these
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Study name Statistics for each study
Std diff  Standard Lower U r £
in means error Variance  limit I'lar:ft Z-Value p-Value mOdlf'ed Borg score
Hill, 2006 -0.200 0.349 0.122 -0.884 0.484 -0.573 0.567
Mota, 2007 -1.390 0.572 0327 -2510 -0.269 -2.430 0.015
Nield, 2007 (1) -0.105 0.460 0.211 -1.006 0.796 -0.229 0.819
Nield, 2007 (2) 0.130 0.504 0.254 -0.859 1.118 0.257 0.797
Borghi-Silva, 2009 -0.683 0.358 0.128 -1.385 0.019 -1.908 0.056
Breyer, 2010 -0.427 0.261 0.068 -0939 0.085 -1.635 0.102
Chan, 2011 (1) -0.498 0.197 0.039 -0.883 -0.112 -2.531 0.011
Chan, 2011 (2) -0.151 0.202 0.041 -0548 0.245 -0.747 0.455
Souto Araujo, 2012 (1) -0.921 0.488 0238 -1.877 0.036 -1.886 0.059
Souto Araujo, 2012 (2) -0.333 0.412 0.170 -1.141 0476 -0.807 0.420
Pleguezuelos, 2013 -0.235 0.281 0.079 -0.786 0.316 -0.837 0.403
Wadell, 2013 0.057 0.317 0.101 -0.565 0.678 0.179 0.858
Farias, 2014 -1.288 0.377 0.142 -2.028 -0.548 -3.413 0.001
Mkacher, 2015a -0.138 0.254 0.065 -0.637 0.360 -0.543 0.587
Mkacher, 2015b -0.508 0.247 0.061 -0.992 -0.025 -2.062 0.039
Pradella, 2015 -0.286 0.319 0.102 -0912 0.340 -0.894 0.371
Overall -0.371 0.076 0.006 -0.520 -0.223 -4.897 0.000 ’
Heterogeneity: Tau2=0.02% Chi2=17.59 df=15 p=.285; 12=14.7% .00 -1.50 0.00 1.50 3.00
Test for overall effect: Z=-4.897 p=.000 Favours Experimental Favours Control

Figure 4. The effect of pulmonary rehabilitation on dyspnea.

Study name istics for each study
Std diff  Standard Lower Upper FEV1 %pred
in means error Variance limit limit Z-Value p-Value
Hill, 2006 0.191 0.349 0122 -0.493 0876 0548 0584
Karapolat, 2007 -0.089 0.302 0091 -0.680 0503 -0293  0.769
Ghanem, 2010 0.039 0.334 0111 -0.616 0693 0116  0.907
Liu, 2012 (1) 0.078 0.220 0048 -0352 0508 0355 0722
Liu, 2012 (2) 0.068 0.245 0060 -0.412 0547 0276 0782
Wadell, 2013 -0.055 0.317 0101 -0.677 0566 -0.174  0.862
Duruturk, 2016 (1) 0.296 0.381 0.145 -0451 1.043 0777 0437 —_—
Duruturk, 2016 (2) 0.403 0.389 0151 -0.360 1.165  1.035  0.301 —_—
Overall 0.088 0.106 0011 -0.120 029 0831  0.406 »
Heterogeneity: Tau?=0% Chi?=1.62 df=7 p=.978; 12°=0% -2.50 -1.25 0.00 1.28 2.50
Test for overall effect: Z=0.831 p=.406 Eavours Confiol Favours Experimental
Study name Statistics for each study
Std diff  Standard Lower Upper FEV1/FVC
in means error Variance limit limit Z-Value p-Value
Hill, 2006 -0.085 0.348 0121 -0.768 0598 -0.245  0.807
Karapolat, 2007 -0.027 0.302 0091 -0.619 0564 -0.091  0.928
Mota, 2007 -1.138 0.554 0307 -2225 -0.052 -2.054  0.040 —_—
Liu, 2012 (1) 0.129 0.220 0.048 -0.302 0560 0587  0.557
Liu, 2012 (2) 0.056 0.245 0060 -0.424 0535 0227  0.820
Wadell, 2013 0.000 0.317 0100 -0.621 0621 0000  1.000
Duruturk, 2016 (1) 0.317 0.381 0145 -0.430 1.064 0831  0.406 e i —
Duruturk, 2016 (2) 0.365 0.388 0151 -0.396 1.126 0940  0.347 ——
Overall 0.042 0.110 0012 -0.173 0257 0382  0.702 <P
Heterogeneity: Tau?=0% Chi?=6.11 df=7 p=.527; 12=0% -2.50 125 0.00 1.25 2.50
Test for overall effect: Z=0.382 p=.702 )
Favours Control Favours Experimental

Figure 5. The effect of pulmonary rehabilitation on pulmonary function.
Note. FEV; = forced expiratory volume in one second; FVC = forced volume capacity.
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three variables. After assessing the degree of symmetry using a
funnel plot, Egger's regression test was performed to evaluate
whether the asymmetry was statistically significant. The studies
that included the modified Borg score showed no publication bias
(p = .307), but those that included MEP and MIP did show publi-
cation bias (p = .034).

Discussion

In this meta-analysis, we evaluated the ability of a PR pro-
gram to improve respiratory muscle strength in patients with
COPD. We found a significant improvement in inspiratory and
expiratory muscle strength as well as in perceived dyspnea but
no significant improvement in pulmonary function. Furthermore,
there was no significant difference between PE and RT in the
subgroup analysis of the RCTs included in this meta-analysis,
suggesting that both PE and RT are effective for symptom relief
in patients with COPD.

We analyzed the effect of PR on expiratory muscle strength and
found that MEP had a high effect size. Programs with a more-than-
moderate effect size included aerobic exercise [A6, A16], cycling
and callisthenic exercise [A20], and expiratory muscle training [A4].
In these results, PE and RT programs could be performed to
improve respiratory muscle movement and expiratory muscle
weakness in patients with COPD. Expiratory muscle strength is
essential for coughing and clearance of the airway; however,
increased airway resistance and decreased elastic recoil in patients
with COPD lead to a vicious cycle of constant overload of the
expiratory muscles [17]. Therefore, increasing expiratory muscle
strength would reduce expiratory muscle overload, allowing the
patient to breathe more comfortably and facilitating effective
clearance of the airway. Our results are consistent with those of
another meta-analysis that found RT to be effective in increasing
the MEP in patients with COPD [11].

The overall effect size of MIP was moderate. Programs that
included RT [A1, A13] and aerobic exercise [A6] showed a higher
effect size. Aerobic exercise helps to strengthen not only the expi-
ratory muscles, as mentioned previously, but also the inspiratory
muscles. Aerobic exercise also improves the patient's oxidative
capacity, resulting in less alveolar ventilation during exercise [18],
which may reduce hyperinflation of the lungs and improve respi-
ratory muscle strength. Increased inspiratory muscle strength is
associated with improvements in exercise capacity, quality of life,
and dyspnea. Most patients with COPD have weakened inspiratory
muscles [12], so it is important to include inspiratory muscle
strengthening program in a PR program. Meanwhile, according to
one meta-analysis of studies of respiratory muscle training, the
effect on MIP depended on the training method used (strength vs.
endurance) [19]. Therefore, applying this strategy in practice would
require selection of a program suitable for the individual patient.

Dyspnea was measured by assessment of the modified Borg
score after the 6MWT. The reason for choosing the 6MWT for
measurement of the modified Borg score is that it correlates with
pulmonary function and can reflect changes therein in patients
with COPD [20,21]. A meta-analysis of publications that included
the Borg score showed that a PR program significantly improved
dyspnea in patients with COPD. Programs that had an above-
moderate effect size included aerobic exercise [A7,A16], tai-chi
gigong [A10], aquatic exercise [A11], balance training [A18], and
expiratory muscle training [A4], all of which were performed as a
single strategy. Another meta-analysis of PR found that a single
strategy, such as RT [22] or upper extremity exercise [23], improved
dyspnea, which is similar to the findings of the present study.
Therefore, even a single strategy can help improve dyspnea in pa-
tients with COPD.

The effect size of a PR program on FEV%pred was very low. The
FEV; is the volume expired in the first second of maximal expira-
tion after a maximal inspiration and measures how rapidly the
lungs can be emptied, whereas the FEV %pred is used to compare
an FEV recording for a given patient against the average value for
healthy people of the same age [1] and is an indicator of the
severity of COPD; thus, a lower value indicates a worse prognosis.
An interval of at least 12 months is recommended for follow-up of
FEV; [1]. However, the duration of the studies included in our meta-
analysis ranged from 6 to 24 weeks, which is far less than the
follow-up interval recommended by the GOLD; therefore, it ap-
pears that the programs in our meta-analysis had no significant
effect on FEV.

The FEV/FVC% is another indicator of pulmonary function; this
is FEV1 expressed as a proportion of the FVC and provides a clini-
cally useful index of airflow limitation [1]. In this study, the overall
effect size was very low. However, the studies included in our meta-
analysis were performed in patients with more-than-moderate
disease severity (stage II) and with program duration of
5-24 weeks, so it might have been difficult to improve pulmonary
function in the short term. Mota et al [17] found that a 5-week RT
program did not result in a significant increase in FEV/FVC% when
compared with the control group, but lung hyperinflation tended to
be somewhat reduced in the experimental group. This resulted in
improvement of the air-trapping (abnormal air retention) phe-
nomenon characteristic of patients with COPD. The participants in
that study [15] had stage IV COPD, and the duration of the program
was less than the 6 weeks recommended by the GOLD, which
suggests that pulmonary function could be improved by continuous
long-term RT.

To summarize, PE and RT programs increased respiratory mus-
cle strength and reduced dyspnea in patients with COPD but did not
improve pulmonary function. However, considering that the goal of
treatment for COPD is to alleviate symptoms and prevent wors-
ening [ 1], PE and RT are both effective programs for improvement of
dyspnea, which is a major symptom in patients with COPD. In our
meta-analysis, although there was no statistically significant effect
on pulmonary function, use of PR programs improved exercise
tolerance, which would be expected to lead to improved exercise
capacity. The GOLD has suggested that even single-type PR pro-
grams are beneficial for patients with COPD [1], and our meta-
analysis also showed that single PE or RT programs are valuable
in patients with the disease. These results will help us to select
appropriate programs tailored to the needs of the individual and
the facilities available. The effectiveness of a PR program decreases
between 6 and 12 months after its completion [24], so it is
important that the PR program be implemented lifelong, irre-
spective of what the program entails. In addition, PR programs
should be selectively tailored to the severity of the patient's disease,
be easily accessible, and be able to be performed by the patients
themselves.

The main strength of this study is that it analyzed the effec-
tiveness of different types of PR programs. Comparing the effects of
various types of programs can help to develop and implement
programs according to the needs of patients and type of institution.
This study is also the first to analyze the effects of PE programs on
respiratory muscle strength, so it would be expected to be the basis
for development of PR programs to improve respiratory muscle
strength in patients with COPD. In nursing practice, we suggest that
PE or RT be included to increase the effectiveness of a rehabilitation
program for patients with COPD.

However, this research also has some limitations. First, the
search was restricted to a period of 10 years. This was because our
rapidly evolving medical environment may affect patient's health
outcomes. Moreover, we only included studies that were published
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in English. Finally, there was considerable variation in the severity
of disease, type and duration of intervention, and methodologic
quality of the studies included, so caution is needed when inter-
preting our study findings.

Conclusion

The findings of this meta-analysis show that PR programs help
to improve respiratory muscle strength and subjective symptoms
of dyspnea in patients with COPD. Strategies need to be developed
to select suitable PR programs for these patients, and future studies
should evaluate the long-term effects of such programs on pul-
monary function.
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