Significance of Pulmonary Rehabilitation in Improving Quality of
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Jingjing Yang, Ruiyan Lin, Zhenyang Xu, and Hongxia Zhang

BACKGROUND: Increasingly, studies have shown that application of pulmonary rehabilitation
(PR) may improve the quality of life (QOL) of patients with COPD. However, some studies remain
controversial and were limited to small number of participants. We designed a systematic review
and meta-analysis to evaluate the efficacy of PR in improving the QOL for subjects with COPD.
METHODS: We searched the Cochrane Library, PubMed, EMBASE, and Web of Science up to
March 29, 2018, to identify relevant randomized controlled trials that analyzed and evaluated the
efficacy of PR in subjects with COPD. Participants were randomly assigned to receive PR (inter-
vention group) or usual care (control group). We used Chronic Respiratory Questionnaire scores,
which include 4 important domains (ie, Fatigue, Emotion, Mastery, and Dyspnea) as the evaluating
indicators of QOL. Mean differences with 95% CI were estimated to compare the outcomes of the
groups. We also performed subgroup analysis for the pooled results of PR effects in subjects with
COPD. In addition, a sensitivity analysis was performed to examine the stability of the combined
results. Two reviewers assessed trial quality and extracted data independently. RESULTS: Seven-
teen randomized controlled trials (N = 1,649 participants) were identified for the present analysis.
In comparing PR groups with usual care groups, we identified significant effects in QOL improve-
ment as measured by the Chronic Respiratory Questionnaire scores for fatigue (Mean difference
0.60, 95% CI 0.36-0.84, P < .001), mastery (Mean difference 0.59, 95% CI 0.32-0.85, P < .001),
and dyspnea (Mean difference 0.70, 95% CI 0.46-0.94, P < .001), but no clinically important
improvement was found in emotion (Mean difference 0.45, 95% CI 0.23-0.67, P < .001) according
to the minimal clinically important difference that we defined as mean difference = 0.5 units.
CONCLUSION: PR may constitute an important component of COPD management and may be
beneficial in improving QOL. Key words: pulmonary rehabilitation;, COPD; quality of life. [Respir
Care 2019;64(1):99-107. © 2019 Daedalus Enterprises]

Introduction

COPD is one of the most common chronic lung diseases,
and it is caused by multiple factors. It is also correlated with
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extra-pulmonary effects, including cardiovascular disease,
limitation of outdoor activities, and depression.! It has be-
come one of the major causes of morbidity secondary to
chronic lung disease worldwide. Despite immense progress
made so far, the therapy and management of COPD still lack
groundbreaking advancements.

A large number of recent studies focus on pulmonary
rehabilitation (PR), which was initially defined in 1974 as
a therapy used to reduce COPD symptoms, improve qual-
ity of life (QOL), and increase physical and emotional
health. According to the American Thoracic Society and
the European Respiratory Society, PR is an evidence-based,
multidisciplinary, and comprehensive intervention for pa-
tients with chronic respiratory diseases.? Since this defi-
nition of PR was put forward, it has been recognized as
one of the crucial components of the management of
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individuals with chronic respiratory disease. Candemir et al®
evaluated the relationship between the COPD assessment
test and improvements after PR and PR efficiency in sub-
jects with COPD. Engel et al* designed a randomized con-
trolled trial (RCT) to investigate whether the combination
of exercise and manual therapy including spinal manipu-
lative therapy produced sustainable improvements in lung
function and exercise capacity in 202 subjects with stable
mild COPD.

Other studies have explored the effects of PR in subjects
with COPD.5>-7 However, the results remain controversial,
and their sample sizes were small.8-!! Therefore, the pres-
ent meta-analysis, based on relevant studies, was performed
to comprehensively analyze and evaluate the efficacy of
PR in subjects with COPD using Chronic Respiratory Ques-
tionnaire (CRQ) scores, which include 4 important do-
mains (ie, Fatigue, Emotion, Mastery, and Dyspnea) to
address the aforementioned issue and to draw a convincing
conclusion based on a larger sample size.'> There were a
sufficient number of homogenous studies using the CRQ
to support its use to assess the QOL of subjects with COPD.
This analysis emphasized that PR might serve as an im-
portant component of the management of COPD and might
be beneficial in improving QOL.

Methods

This meta-analysis, which is based on relevant RCTs,
was designed to comprehensively analyze and evaluate the
efficacy of PR in subjects with COPD. Participants in
analyzed studies were randomly assigned to receive PR
(intervention group) or usual care (control group). CRQ
scores were used, which include 4 important domains for
fatigue, emotion, mastery, and dyspnea as the evaluating
indicators of QOL.

The inclusion criteria were as follows: (1) the studies
were designed as RCTs that compared the effects of PR
versus usual care; (2) the studies included participants who
had a clinical diagnosis of COPD; (3) the studies included
RCTs in which any or all participants were on continuous
oxygen; (4) study participants underwent a PR program of
any type for = 4 weeks; and (5) the studies included the
CRQ as a primary outcomes. Exclusion criteria were as
follows: (1) experimental trials on animals or nonhuman
studies; (2) abstracts, letters, editorials, expert opinions,
reviews, and case reports; (3) RCTs that focused on par-
ticipants who were mechanically ventilated; (4) partici-
pants who had an exacerbation within 4 weeks before
commencement of the intervention; and (5) studies with-
out sufficient data or that did not meet the inclusion cri-
teria.

The Cochrane Library, PubMed, EMBASE, and Web of
Science were searched to March 29, 2018. The search
terms and procedures were as follows: (1) “chronic ob-
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structive pulmonary disease”; (2) “rehabilitation” OR
“physical training” OR “exercise”; (3) “quality of life” OR
“Chronic Respiratory Disease Questionnaire.” Searching
was filtered by title/abstract with the strategy: (1) AND (2)
AND (3). Other related terms, including references of some
published studies, were also searched in English. Two as-
sessors independently screened the titles and abstracts of
each study. Once relevant studies were selected, the full
texts were obtained for further evaluation.

Two reviewers assessed the quality of all of the in-
cluded studies. The total scores of each study are pre-
sented in Table 1. The quality assessment of RCTs was
evaluated and scored using the previously validated
5-point Jadad scale.!? Further details of this scale are
given in the notes of Table 1. Studies with scores of = 3 were
considered of good quality. In addition, the risk of bias for
each RCT and the risk of bias across all RCTs were eval-
uated and shown with figures generated using RevMan 5.2
software. !4

Data for the analysis of the efficacy of PR intervention
versus usual care in subjects with COPD were extracted
independently by two reviewers, and disagreement was
resolved through discussion. The extracted contents, in-
cluding study demographics, publication years, trial de-
sign, rehabilitation interventions, main inclusion criteria,
duration of rehabilitation intervention, outcomes, and Ja-
dad score of each study, were displayed using a standard-
ized form. Data collected were entered into RevMan 5.2
software for analysis.!4

The data of comparable outcomes between the interven-
tion and control groups were analyzed using the standard
statistical procedures provided in RevMan 5.2 (Table 1).14
The mean difference of the change in CRQ'3!5 and the
associated 95% CI range were also measured. For the
change in CRQ, higher scales were considered better and
a change of 0.5 units was considered to be a clinically
important difference. The heterogeneity between studies
was evaluated using the chi-square—based Q statistical
test,!16 with P value and I> statistic, ranging from 0% to
100%, to quantify the effect of heterogeneity. A P value
= .10 was deemed to represent significant heterogeneity.'”
Pooled mean difference was estimated using a random-
effects model (the DerSimonian and Laird method'8). On
the contrary, if statistical heterogeneity was not observed
(P > .10), a fixed-effects model (the Mantel-Haenszel
method'?) was used. The effects of outcome measures were
considered to be statistically significant if pooled mean
differences with 95% CI did not overlap with 0. A sub-
group analysis was performed for the pooled results of the
effect of PR in subjects with COPD according to the Jadad
score. In addition, a sensitivity analysis was performed to
examine the stability of the combined results.
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Initial search results

1,369
Duplicates removed
59
Titles and abstracts
screened
1,310
Excluded
1,280
Full-text articles
assessed
30
Excluded
13

Review articles: 2
Incorrect aims: 4
Insufficient data: 7

Studies included
17

Fig. 1. Flow chart.

Results

The database search yielded a total of 1,369 records of
citations; there were 1,310 after duplicates were removed.
By screening the titles and abstracts of the 1,310 citations,
1,280 studies were excluded preliminarily, we obtained
full texts for 30 studies for further evaluation. After
reading the full texts of the 30 studies, 13 studies were
excluded further (2 studies were review articles,2%-2! 4 ar-
ticles had different objectives,57-22 and 7 studies lacked
adequate data*©.23-26). Eventually, 17 studies®!'!.27-39
(N = 1,649 participants) were included in this meta-
analysis. The sample sizes ranged from 20 to 350 sub-
jects (Table 1). Two studies had a Jadad score of 1,
3 studies had a Jadad score of 2, 4 studies had a Jadad
score of 3, 7 studies had a Jadad score of 4, and 1 study
had a Jadad score of 5. According to the definition of
good quality, approximately 71% of studies exhibited
good quality.

The detailed search process and summary of studies are
shown in Figure 1. The other characteristics of each study
are shown in Table 1.

Graphs were generated to further identify the risk of
bias of the included studies. The risk of bias for each RCT
was presented as percentages across all included studies,
and the risk of bias for each included study was displayed
(see the supplementary materials at http://www.rcjournal.
com). The risk-of-bias graphs indicated generally good
methodological quality. Blinding issues were a low risk of
bias in these studies. A high risk of bias was mainly ob-
served relevant to subject selection issues, and an unclear
risk of bias was observed in selection and detection biases.
A low risk of bias was observed in other biases.

102

Efficacy of Rehabilitation in Improving CRQ Scale

As shown in Figure 2, a significant result was obtained
with a pooled mean difference of 0.60 (95% CI10.36—0.84,
P < .001) comparing the effects of PR versus usual care
in improving the QOL of subjects with COPD according
to the change in CRQ (Fatigue). The pooled analysis
was estimated using random-effects models because sig-
nificant heterogeneity among studies was found (P < .001
and I = 65%). In addition, studies with a high risk of
detection and attrition bias were omitted, and the remain-
ing studies were combined to further evaluate the effect of
PR. When the studies with a high detection bias were
omitted,3283% the significant combined results were also
observed with a pooled mean difference of 0.57 (95% CI
0.31-0.83, P < .001). Similarly, when the studies with a
high attrition bias were omitted,3°-27-2933.34 the pooled re-
sults had a mean difference of 0.66 (95% CI 0.43-0.89,
P < .001).

This study also analyzed the efficacy of PR in improv-
ing the QOL of subjects with COPD according to the
change in CRQ (Emotion). However, a combined analysis
result of 17 studies showed that PR had no significant
effect in improving the CRQ (Emotion) scale. No signif-
icant change in CRQ (Emotion) was observed in subjects
with COPD receiving PR in comparison with subjects re-
ceiving usual care, with a pooled mean difference of 0.45
(95% CI 0.23-0.67, P < .001) (using the random-effects
model) according to the minimal clinically important
difference of 0.5 units (Fig. 3). Meanwhile, the efficacy
of PR was further evaluated by omitting studies with a
high risk of detection and attrition bias, then combining
the remaining studies. When the studies with a high
detection bias®2%:3° and a high attrition bias8224.29.33.34
were omitted, the changes did not achieve clinical im-
portance according to the minimal clinically important
difference of 0.5 units, although statistically significant
results were observed with pooled mean differences
of 0.45 (95% CI 0.20-0.70, P < .001) (using the ran-
dom-effects model) and 0.46 (95% CI 0.29-0.64,
P < .001) (using the fixed-effects model).

A clinically important change in CRQ (Mastery) was
observed in subjects receiving PR compared with patients
receiving usual care, with a pooled mean difference of 0.59
(95% CI1 0.32-0.85, P < .001). Meanwhile, the efficacy of
PR was further evaluated by omitting studies with a high
risk of detection bias and attrition bias and combining the
remaining studies. After studies with a high detection
bias®-28:3% and a high attrition bias®°-29-33.34 were omitted,
the combined results also showed clinically important
changes in the intervention groups, with the pooled mean
differences being 0.53 (95% CI 0.24-0.82, P = < .001)
and 0.58 (95% CI 0.32-0.85, P < .001), respectively.
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Pulmonary rehab Usual care Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight, % IV, Random, 95% CI 1V, Random, 95% ClI

Behnke M et al 2000 1.63 0.78 15 -0.2 145 15 4.6 1.83 (1.00 — 2.66) -

Cambach W et al 1997 1.25 1 15 0 1 8 4.4 1.25(0.39 - 2.11)

Casey D et al 2013 046 131 176 0.28 1.47 170 8.7 0.18 (-0.11 - 0.47) T

Faulkner J et al 2010 -0.5 3.8 6 -04 5 8 0.3 -0.10 (-4.71 -4.51)

Goldstein RS et al 1994 0.1 1.2 40 0.28 1.35 40 6.5 0.38 (-0.18 — 0.94) -1

Gomez A et al 2006 0.2911 0.682 36 0.4 0.65 14 7.8 -0.11 (-0.52 - 0.30) - 1

Griffiths TL et al 2000 0.98 1.4 93 -0.13 1.1 91 8.2 1.11 (0.75 - 1.47) -

Guell R et al 2006 0.2 1.1 18 -05 1.3 17 438 0.70 (-0.10 — 1.50) T

Hernandez MT et al 2000 0.93 145 20 0.02 1.08 17 4.7 0.91(0.09 - 1.73) -

Lindsay M et al 2005 0.41 1.3 21 04 1.34 20 4.7 0.01 (-0.80 — 0.82)

McNamara RJ et al 2013 235 345 30 -0.6 3.25 15 1.2 2.95(0.89 - 5.01) -

O'Shea SD et al 2007 0.4 1.2 27 -0.41 1 27 6.3 0.50 (-0.09 — 1.09) T

Simpson K et al 1992 1 118 14 025 1.23 14 4.2 0.75 (-0.14 — 1.64) I e —

Singh V et al 2003 0.9 0.9 20 0.06 0.89 20 6.6 0.84 (0.29 — 1.39) —_—

Sridhar M et al 2008 0.06 1.35 47 -0.35 1.1 40 6.9 0.41(-0.11 -0.93) T/

Wijkstra PJ et al 1994 0.88 1.3 28 0.25 1.08 15 5.2 0.63 (-0.10 — 1.36) -

Wilson AM et al 2015(1) -0.03 1.09 53 -0.41 1.19 58 7.7 0.38 (-0.04 — 0.80) T

Wilson AM et al 2015(2) -0.12 1.06 34 -041 1.19 58 7.3 0.29 (-0.18 — 0.76) e —

Total (95% ClI) 693 647 100 0.60 (0.36 — 0.84) -

Heterogeneity: Tau? = 0.15; Chi2 = 48.08, df = 17 (P < .001), I = 65% + + + +

Test for overall effect: Z = 4.90 (P < .001) -t =05 0 05 1
Favors usual care  Favors pulmonary

rehab

Fig. 2. Forest plot of the efficacy of pulmonary rehabilitation in improving the quality of life of subjects with COPD according to change in

Chronic Respiratory Disease Questionnaire (Fatigue).

Pulmonary rehab Usual care Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight, % IV, Random, 95% CI 1V, Random, 95% ClI
Behnke M et al 2000 151 094 15 -0.17 1.39 15 4.5 1.68 (0.83 — 2.53) -
Cambach W et al 1997 071 114 15 0.29 1 8 4.1 0.42 (-0.48 - 1.32)
Casey D etal 2013 023 119 176 023 1.3 170 11.0 0.00 (-0.26 — 0.26) I
Faulkner J et al 2010 -0.2 3.7 6 -26 638 8 0.2 2.40 (-3.16 — 7.96)
Goldstein RS et al 1994 024 116 40 -02 13 40 7.3 0.44 (-0.10 — 0.98) T
Gomez A et al 2006 0.8111 0.8395 36 0.5 0.82 14 7.7 0.31 (-0.20 - 0.82) -1
Griffiths TL et al 2000 0.96 11 93 -02 13 40 8.3 1.16 (0.70 — 1.62) -
Hernandez MT et al 2000 081 121 20 029 1.31 17 4.7 0.52 (-0.30 — 1.34)
Lindsay M et al 2005 0.38 1.9 21 028 1.36 20 3.5 0.10 (-0.91 - 1.11)
McNamara RJ et al 2013 1.8 45035 30 0.7 3.97 15 0.7 1.10 (-1.48 — 3.68)
O'Shea SD et al 2007 0.4 08 27 02 07 27 9.1 0.20 (-0.20 — 0.60) -
Simpson K et al 1992 037 1.07 14 011 1.09 14 4.8 0.26 (-0.54 — 1.06)
Singh V et al 2003 0.9 1.1 20 02 09 20 6.4 0.70 (0.08 — 1.32) I
Sridhar M et al 2008 016 143 47 -036 13 40 7.0 0.52 (-0.05 — 1.09) T — "
Wijkstra PJ et al 1994 056 099 28 0.03 0.93 15 6.7 0.53 (-0.07 — 1.13) T "
Wilson AM et al 2015(1) 0 146 53 0.02 1.32 58 7.6 -0.02 (-0.54 - 0.50) I —
Wilson AM et al 2015(2) 031 159 34 002 1.32 58 6.3 0.29 (-0.34 - 0.92)
Total (95% Cl) 675 579 100 0.45 (0.23 - 0.67) -
Heterogeneity: Tau? = 0.10; Chi2 = 33.97, df = 16 (P = .005), I = 53% _51 _05 s 5 055 1‘
Test for overall effect: Z = 3.97 (P < .001) ) :

Favors usual care  Favors pulmonary

rehab

Fig. 3. Forest plot of the efficacy of pulmonary rehabilitation in improving the quality of life of subjects with COPD according to change in

Chronic Respiratory Disease Questionnaire (Emotion).

Considering the significant heterogeneity, random-effects
models were used to evaluate the effect (Fig. 4).

A clinically important change in CRQ (Mastery) was also
found in the PR groups, with a pooled mean difference of 0.70
(95% CI 0.46-0.94, P < .001). After studies with a high
detection bias®2%-3° and a high attrition bias3.24.29-33.34 were

RESPIRATORY CARE @ JANUARY 2019 VoL 64 No 1

omitted, the combined results also showed clinically impor-
tant changes in the intervention groups, with pooled mean
differences of 0.67 (95% CI 0.41-0.94, P < .001) and 0.74
(95% CI 0.45-1.02, P < .001), respectively. Because of the
significant heterogeneity, random-effect models were used to
evaluate the effect (Fig. 5).
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Pulmonary rehab Usual care Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight, % IV, Random, 95% CI IV, Random, 95% CI
Behnke M et al 2000 2.05 0.58 15 -01 1.45 15 5.3 2.15(1.36 — 2.94) -
Cambach W et al 1997 1 1.25 15 -0.25 1 8 4.5 1.25(0.31-2.19)
Casey D etal 2013 052 1.11 135 034 13 132 9.0 0.18 (-0.11 - 0.47) T
Faulkner J et al 2010 1.2 1.6 6 -04 109 8 1.7 1.60 (-0.24 — 3.44) -1
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Fig. 4. Forest plot of the efficacy of pulmonary rehabilitation in improving the quality of life of subjects with COPD according to change in

Chronic Respiratory Disease Questionnaire (Mastery).
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Fig. 5. Forest plot of the efficacy of pulmonary rehabilitation in improving the quality of life of subjects with COPD according to change in

Chronic Respiratory Disease Questionnaire (Dyspnea).

Subgroup and Sensitivity Analyses

A subgroup analysis was performed for the changes in
mean difference in improving the CRQ scale according to
Jadad scores to further explore the efficacy of PR in sub-
jects with COPD (Table 2). For studies experiencing higher
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scores of 3—4, statistically significant effects of PR were
observed in the CRQ scales of Fatigue (Mean differ-
ence 0.47, 95% CI 0.33-0.62, P < .001), Emotion (Mean
difference 0.31, 95% CI 0.16-0.46, P < .001), Mastery
(Mean difference 0.50, 95% CI 0.34-0.66, P < .001), and
Dyspnea (Mean difference 0.64, 95% CI 0.49-0.79,
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Table 2.  Pooled Results of Analysis by Jadad Scores for the Efficacy of Pulmonary Rehabilitation for COPD
Pooled Results Heterogeneity
Subgroups
Mean Difference (95% CI) P P P Analytical Effect Model

Jadad score of 1-2

CRQ (Fatigue) 0.57 (0.28-0.86) .001 0% 43 Fixed-effect model

CRQ (Emotion) 0.53 (0.22-0.83) <.001 0% 91 Fixed-effect model

CRQ (Mastery) 0.48 (0.19-0.78) .001 15% 32 Fixed-effect model

CRQ (Dyspnea) 0.53 (0.25-0.82) <.001 41% .15 Fixed-effect model
Jadad score of 3—4

CRQ (Fatigue) 0.47 (0.33-0.62) <.001 71% <.001 Random-effect model

CRQ (Emotion) 0.31 (0.16-0.46) <.001 68% <.001 Random-effect model

CRQ (Mastery) 0.50 (0.34-0.66) <.001 77% <.001 Random-effect model

CRQ (Dyspnea) 0.64 (0.49-0.79) <.001 70% <.001 Random-effect model
Jadad score of 5

CRQ (Fatigue) 2.95(0.89-5.01) <.001 - - -

CRQ (Emotion) 1.10 (-1.48-3.68) 40 - - -

CRQ (Mastery) 1.15 (-0.39-2.69) 14 - - -

CRQ (Dyspnea) 2.15 (0.52-3.78) .01 - - -

P <.001), although a significant heterogeneity was found.
However, only the changes in Mastery and Dyspnea
achieved clinical importance according to the minimal clin-
ically important difference of 0.5 units. For studies with
lower scores of 1-2, statistically significant effects of PR
were similarly observed in the CRQ scales of Fatigue (Mean
difference 0.57, 95% CI 0.28-0.86, P < .001), Emotion
(Mean difference 0.53, 95% CI 0.22—-0.83, P < .001), and
Dyspnea (Mean difference 0.53, 95% CI 0.25-0.82, P <
.001), but not in Mastery (Mean difference 0.48, 95% CI
0.19-0.78, P = .001), according to the minimal clinically
important difference of 0.5 units, with good homogeneity
achieved using fixed-effects models. For the one study
with high methodological quality (Jadad score = 5), an
extremely significant clinical difference was observed in
the changes in the CRQ scales of Fatigue (Mean differ-
ence 2.95, 95% CI 0.89-5.01, P < .001) and Dyspnea
(Mean difference 2.15, 95% CI 0.52-3.78, P = .01), but
no significant difference was found in the CRQ scales of
Emotion (Mean difference 1.10, 95% CI —1.48 to 3.68,
P = .40) and Mastery (Mean difference 1.15,95% CI —0.39
to 2.69, P = .14).

A sensitivity analysis was conducted to examine the
stability of the combined results of the efficacy of PR in
improving QOL, and to identify the source of heterogene-
ity by omitting a single study. The sensitivity analysis of
the CRQ scale of Fatigue showed that the combined re-
sults experienced high stability by omitting each study,
and no particular study significantly affected the pooled
results, with the combined mean differences ranging from
0.53 (95% CI 0.31-0.76) after omitting the first study to
0.63 (95% CI 0.37-0.89) after omitting the last study.
Meanwhile, similar sensitivity analysis results were also
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obtained on the CRQ scales of Dyspnea, Emotion, and
Mastery.

Discussion

COPD has become one of the major causes of morbidity
in people with chronic lung diseases worldwide as a result
of its increasing prevalence due to multiple factors such as
nicotine addiction and deteriorating air quality. Based on
the 2017 report of the Global Initiative for Chronic Ob-
structive Lung Disease, which focused primarily on the
revised and novel parts of the Global Strategy for the
Diagnosis, Management, and Prevention of COPD, PR is
considered one of the most effective therapies for improv-
ing physical performance and QOL by reducing dyspnea.*®
Furthermore, PR has shown physiological, symptom-re-
ducing, psychosocial, and health economic benefits for
patients with chronic respiratory diseases. Still, it is unde-
rutilized worldwide.*! A review by Gloeckl et al?° showed
that counseling about available social services is particu-
larly crucial for older subjects when providing PR. These
available social services include possible home care or
services for severe disability and preparation of therapeu-
tic appliances. For patients receiving long-term oxygen
treatment, accrediting severely disabled persons to use lo-
cal public transport can provide practical relief and relieve
the financial burden.?°

This systematic review summarized 17 RCTs involv-
ing 1,649 participants with COPD. In these studies, sub-
jects received PR for at least 4 weeks and at most
52 weeks.”-11.37.38 This meta-analysis demonstrated the ef-
ficacy of PR in improving the QOL of subjects with COPD.
The results statistically support the conclusion that the
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CRQ scale was significantly improved in subjects receiv-
ing PR compared with those receiving usual care, with
clinically important mean differences in changes for Fa-
tigue (Mean difference 0.60, 95% CI10.36-0.84, P < .001),
Mastery (Mean difference 0.59, 95% CI 0.32-0.85,
P < .001), and Dyspnea (Mean difference 0.70, 95% CI
0.46-0.94, P < .001). However, no clinically important
improvement was found in changes for Emotion (Mean
difference 0.45, 95% CI 0.23-0.67, P < .001) according
to the minimal clinically important difference of 0.5 units,
despite statistically significant results. These results were
different from the findings of McCarthy et al,>! who found
that PR could improve all aspects of the CRQ scale, in-
cluding Emotion (Mean difference 0.56, 95% CI 0.34—
0.78); however, according to the criteria, that result was
supported by low-quality evidence. In our review, the stud-
ies with high risk of detection and attrition bias were omit-
ted and the remaining studies were combined to further
evaluate the effects of PR. Significant results were ob-
tained with pooled mean differences of 0.57 (95% CI1 0.31—
0.83, P < .001) and 0.66 (95% CI 0.43-0.89, P < .001),
respectively, implying high-quality and stable evidence for
Fatigue. Meanwhile, similar results were also achieved for
Mastery ([Mean difference 0.53, 95% CI 0.24-0.82,
P < .001] and [Mean difference 0.58, 95% CI 0.32-0.85,
P < .001]) and Dyspnea ([Mean difference 0.67, 95% CI
0.41-0.94, P < .001] and [MD 0.74, 95% CI 0.45-1.02,
P < .001]). Apart from this, the significance of results did
not undergo any changes, meeting the minimal clinically
important difference of 0.5 units on further evaluation of
the effects of PR on Emotion.

This meta-analysis had several limitations. The main
limitation was the inconsistency in PR programs and the
duration of rehabilitation intervention. Treatment duration
ranged from 4-52 weeks.>37:38 In the study by Wilson
et al,'! participants received the longest rehabilitation in-
tervention lasting 1 y. Their results showed no statistically
significant difference in the change in CRQ (Dyspnea)
score (primary end point) or other domains of CRQ after
12 months, which amounted to 0.19 (—0.26 to 0.64) units,
between the groups. Their findings indicated a negative
effect of the program and appealed for other methods of
sustaining the benefits of PR. The second limitation of this
meta-analysis was the sample sizes of the included studies,
which ranged from 20 to 350 subjects. Considering the
natural conditions of the trials, every study meeting the
inclusion criteria was retained. Fortunately, only 2—17 stud-
ies had a small sample size < 40 participants.®1° Finally,
the effects of PR were also influenced by additional fac-
tors, such as age of participants, smoking history, previous
respiratory tract infection and infection time, and severe or
uncontrolled comorbid disease, which should also be taken
into consideration.
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The search strategy for this review was comprehensive,
broad, and systematic, with hand-searching of some ref-
erences of included studies and previous systematic re-
views. Keeping in mind considerable heterogeneity in the
study design of the included trials, especially in the PR
interventions, more studies should be designed to focus on
comparing the effects of different PR interventions along
with usual care. In addition, considering many studies had
few subjects, further studies with sufficient sample size
should be performed to provide more clinically convincing
results for the efficacy of PR.

Conclusion

This analysis showed that PR could significantly im-
prove the QOL of subjects with COPD in terms of Fatigue,
Mastery, and Dyspnea compared with usual care. In terms
of Emotion, the results were statistically significant and
indicated potential clinical effectiveness, although they did
not meet the criteria of the minimal clinically important
difference of 0.5 units. In conclusion, despite many limi-
tations and influencing factors, the analysis indicated that
PR might improve the QOL of patients with COPD.
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