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Background: The short-term efficacy of pulmonary rehabilitation (PR) in patients with chronic obstructive 
pulmonary disease (COPD) has been established. Although continuous follow-up and sustained exercise 
training is important to maintain the effects, the long-term efficacy of PR without frequent supervised 
training remains unclear. The aim of this meta-analysis was to investigate the long-term efficacy of PR with 
home-based or low frequent maintenance program on exercise capacity and health related quality of life 
(HRQOL) in patients with COPD. 
Methods: We identified randomized controlled trials (RCTs) comparing long-term efficacy of PR with 
home-based or low frequent maintenance and no maintenance program from PubMed and the Cochrane 
Library. Primary outcomes were exercise capacity [6-minute walking distance (6MWD), incremental 
shuttle walking test (ISWT)] and HRQOL [St. George’s Respiratory Questionnaire (SGRQ)]. Outcomes 
were combined using a random-effects model. This study is registered with PROSPERO, number 
CRD42019109718. 
Results: Seven RCTs with a total of 492 patients with COPD met the inclusion criteria. PR with 
maintenance significantly improved 6MWD [mean difference (MD) 27.00; 95% CI: 1.04–52.96; P=0.01] 
and ISWT (MD 44.48; 95% CI: 30.70–58.25; P<0.01), however no statistical evidence of improvement in 
HRQOL (MD −1.32; 95% CI: −7.71 to 5.08, P=0.69) was observed. 
Conclusions: PR with maintenance programs appears to be more effective than without maintenance for 
preserving exercise capacity in the long-term in patients with COPD. No long-term efficacy on HRQOL 
were noted. To maintain the efficacy of PR on exercise capacity and HRQOL over a long duration, it might 
be necessary to reexamine the contents and frequency of maintenance programs.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the 
fourth leading cause of mortality in the world (1), which 
causes dyspnea of exertion (DOE), decreased physical 
activity, and muscle atrophy, leading to increased shortness 
of breath. Due to the irreversible state of the disease, 
patients with COPD have the potential to fall into a 
vicious downward spiral in which their physical function 
deteriorates. Pulmonary rehabilitation (PR) is recommended 
for patients with COPD as a valid strategy to interrupt this 
downward spiral and to prevent physical deconditioning (2).  
Regarding the PR setting, an outpatient protocol of PR 
for 6–12 weeks at least twice weekly, including breathing 
techniques, muscle strength training, aerobic training, 
self-management education, nutritional support, and 
psychosocial support has frequently been adopted (3). The 
efficacy of PR has frequently been reported as improving 
DOE, exercise capacity, physical activity, and health-
related quality of life (HRQOL) (2,4). To date, PR for 
patients with COPD has shown strong evidence for 
improving shortness of breath, exercise capacity, HRQOL, 
anxiety, and depression, and for decreasing the number of 
hospitalizations and admission days (3). However, previous 
studies reported that the improvements made during PR 
return to pre intervention levels at 12 to 24 months (5-7), 
even after the short-term efficacy of PR are observed.

Although continuous follow-up, such as sustained 
exercise training after the initial PR (PR with maintenance) 
is important to maintain the efficacy (8), maintenance length 
and setting tend to vary across maintenance programs (e.g., 
telephone (9), outpatient visit (10), and home visit (11). 
Beauchamp et al. (12) have reported that supervised exercise 
training after the initial PR appears to be more effective for 
maintaining exercise capacity up to 6 months, but not in 
the long term. They have also reported that HRQOL was 
not much maintained (12). On the other hand, given that 
continuation of supervised exercise training as maintenance 
is often difficult due to a lack of manpower and distance 
from the patient’s home, home-based maintenance or 
infrequent follow-up should also be implemented. 

The aim of this meta-analysis was to investigate the 
long-term efficacy of PR with maintenance, including 
home-based programs or infrequent follow-up on 
exercise capacity and HRQOL in patients with COPD. 
We present the following article in accordance with the 
PRISMA Reporting Checklist (available at http://dx.doi.
org/10.21037/apm-19-581).

Methods

The meta-analysis protocol for the present study was 
registered in PROSPERO (International Prospective Register 
of Systematic Reviews; Registration ID: CRD42019109718; 
website: http://www.crd.york.ac.uk/PROSPERO/).

Search strategy

An extensive literature search of electronic databases was 
conducted to identify relevant randomized controlled 
trials (RCTs) between January 1995 and January 2019. The 
databases searched were PubMed and the Cochrane Library 
(Cochrane Central Register of Controlled Trials). Search 
terms and keywords were structured around the population 
(e.g., “COPD OR obstructive OR lung disease”) and 
intervention (e.g., “rehabilitation OR physiotherapy OR 
physical therapy OR exercise OR training”). 

Study selection

One author (S Imamura) performed the first-line 
comprehensive literature search and removal of duplicates. 
Subsequently,  2  authors  (S Imamura,  T Inagaki) 
independently screened the study titles and abstracts 
for potential relevance. These authors assessed the full 
text of articles to decide on inclusion. Any disagreement 
between authors was resolved by discussion. If necessary, 
a third author participated in the discussion to resolve the 
disagreement.

Selection criteria

Population
Patients with a confirmed diagnosis of COPD (mild to 
very severe) according to the Global Initiative for Chronic 
Obstructive Lung Diseases (GOLD) guidelines (13). 

Intervention
The intervention was PR with maintenance programs. 
PR was defined as implementing a supervised exercise 
training program at least twice weekly for 6–12 weeks, with 
or without any form of education and/or psychological 
support. Maintenance programs were defined as followed up 
by telephone, outpatient visit, or home visit for maintaining 
the efficacy of PR at a certain frequency until 12 months 
after PR termination. To reveal the efficacy of PR with 
home-based or low frequency supervised maintenance 
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programs, we excluded the study in which the frequency of 
maintenance programs was same as that of PR. We defined 
“low frequency” as frequency less than the frequency of 
implemented in-hospital PR.

Comparison
The comparator was any concurrent control group who had 
no maintenance program, with or without PR. We did not 
ask whether studies had PR, because we wanted to examine 
the long-term efficacy of continued follow-up by PR with 
maintenance programs. 

Outcome
We considered exercise capacity and HRQOL. Exercise 
capacity was defined according to the results of a 6-minute 
walking distance (6MWD) (14) and an incremental shuttle 
walking test (ISWT) (15). HRQOL was measured using St. 
George’s Respiratory Questionnaire (SGRQ) (16).

Data extraction

All citations and abstracts were downloaded to EndNote 
for review. Two authors (S Imamura, T Inagaki) extracted 
data using a standard data extraction form. Data included 
(I) general information: title, first author’s name, year of 
publication; (II) general participant information: study 
population, sample size, interventions; (III) outcomes: 
6MWD, ISWT, and SGRQ. These data were extracted 
from the original reports and entered into a spreadsheet.

Risk of bias assessment

Two authors (S Imamura and T Inagaki) independently 
assessed the risk of bias for included studies using 
the Cochrane risk of bias tool (17). The study quality 
assessment included random sequence generation, allocation 
concealment, selective reporting, blinding of participants 
and personnel, blinding of outcome assessment, incomplete 
outcome data, and other biases.

Statistical analysis

Review Manager version 5.3 was used to test the 
heterogeneity of the included studies and to conduct a 
meta-analysis for outcome measures. Throughout the 
analysis, we used mean differences (MD). The MD was 
combined according to a random-effects model using the 
DerSimonian-Laird method. MD and standard error (SE) 

were calculated for continuous outcomes using generic 
inverse variance. Heterogeneity across studies was estimated 
based on the I2 index. We considered the significant 
heterogeneity as ≥50% (17). We used, when possible, 
Egger’s test to assess small study effects and publication 
bias.

Results

The latest research identified 11,363 articles. After the 
removal of duplicates, screening, and assessing eligibility, 
7 articles remained and were included in the meta-analysis 
(Figure 1).

Characteristics of the included studies

Characteristics of the 7 studies are shown in Table 1. A 
total of 492 patients were included in these studies, and 
the overall intervention group consisted of 259 patients. 
All stages of COPD severity were represented across the 
included studies.

Three studies (11,18,19) randomized patients to either 
a control group (usual care) or maintenance programs 
following PR. The other 4 studies (9,10,20,21) randomized 
patients before PR. Two studies (9,21) had the same 
component of PR in both groups. PR was not performed in 
the control group in the other 2 studies (10,20).

The duration of PR was 6–12 weeks, and supervised 
exercise training frequency was at least twice weekly. In 
addition, almost all participants in the intervention group 
were instructed to implement home exercise during PR. 
All maintenance programs lasted between 12 months and  
36 months except for Steele et al. (11), who provided a 
program for 12 weeks, but with 12-month observation 
periods, following the completion of a supervised PR 
program. Maintenance programs were comprised of a 
telephone, outpatient visit, or home visit, with frequencies 
ranging from 1 session per week to 1 session per month. 
More details on interventions for all studies are shown in 
Table 1.

Risk of bias

Figure 2 provides an overview of the risk of bias. We judged 
6 studies (9-11,18,19,21) as having low risk of random 
sequence generation. Four studies (9,10,18,21) allocated 
participants without knowing their allocation. In all studies, 
blinding of participants and personnel was high risk, given 
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blinding of the rehabilitation intervention was impossible. 
Blinding of the outcome assessment was also not reported 
in all studies. Five studies (9,10,18,19,21) found high risk 
of incomplete outcome data due to a per-protocol analysis 
and the inclusion of many patients who dropped out of the 
studies. Selective reporting was low risk for all studies.

Efficacy of PR with maintenance on exercise capacity

Six studies (9-11,18,20,21) used exercise capacity as 
outcome. The 6MWD [5 studies (9,11,18,20,21)] or ISWT 
[2 studies (9,10)] were used to assess exercise capacity. PR 
with maintenance significantly improved 6MWD (MD 
27.00, 95% CI: 1.04–52.96, P<0.05, I2=78%) (Figure 3). 
Using ISWT, PR with maintenance significantly improved 
exercise capacity (MD 44.48, 95% CI: 30.70–58.25, P<0.01, 
I2=0%) (Figure 4). Egger’s test for the 6MWD was not 
statistically significant.

Efficacy of PR with maintenance on HRQOL

Regarding HRQOL, the SGRQ total score was assessed 
in 4 studies (9,10,19,20) (Figure 5A), and SGRQ subscores 
were assessed in 2 studies (9,20) (Figure 5B,C,D). The 
results of this meta-analysis suggested no statistically 
significant improvement of HRQOL using SGRQ in total 
score (MD −1.32, 95% CI: −7.71 to 5.08, P=0.69, I2=64%) 

and subscores (symptoms: MD 3.70, 95% CI: −9.05 to 
16.46, P=0.57, I2=81%; activity: MD −1.04, 95% CI: −6.79 
to 4.72, P=0.72, I2=48%; and impact: MD −2.62, 95% CI: 
−13.71 to 8.47, P=0.64, I2=86%). Egger’s test for SGRQ 
total score was not statistically significant.

Discussion

This meta-analysis investigated the long-term efficacy 
of PR with home-based or low frequent maintenance 
programs by reviewing 7 RCTs and found that PR with 
these maintenance programs is superior to no maintenance 
for sustained benefit of exercise capacity in patients with 
COPD. However, the long-term efficacy on HRQOL were 
not observed according to this analysis.

To maintain the efficacy of PR on exercise capacity, 
exercise training is known to play a central role in PR, 
and continuation of exercise training is regarded as one 
of the most important factors (22). In the present meta-
analysis, exercise training was continuously conducted at a 
maintenance phase in all studies, and 6 studies among them 
included aerobic training (9-11,18-20). In contrast, another 
study had implemented only muscle strength training, and did 
not show significant improvement in exercise capacity (21).  
Regarding the setting of maintenance programs, 4 studies 
(10,18-20) had implemented supervised aerobic training at 
the maintenance phase, and their frequency was between 
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once weekly and once a month. In a recent study, Berry  
et al. (23) have demonstrated that supervised exercise 
training as a maintenance program 3 times per week for 
12 weeks has benefits in maintaining exercise capacity; 

however, if the frequency of exercise training was relatively 
low, the efficacy of PR was not maintained (5,23). On the 
other hand, Wijkstra et al. (24) have reported that a monthly 
supervised training group better maintained the effect of 

Table 1 Characteristics of the included studies

Source, 
country

Number of patients PR program Maintenance program
Outcome 
measure

Wootton 
2017 (9), 
Australia

71 patients (male: 
57%; mean FEV1 of 
pred.: 43%; mean 
age: 70 years old); 
Int: 38; Con: 33

Setting: outpatient; component: 
AT (walking); duration: 2 
months; frequency: 2–3 times 
weekly 

Setting: home, telephone; component: AT (walking), 
pedometer feedback, progressive goal setting; 
frequency (home): 3 times weekly; frequency 
(telephone): every 2 weeks for the first 3 months, and 
then one a month; follow-up: 8, 14 months

exercise 
capacity: 
6MWD, 
ISWT; 
HRQOL: 
SGRQ

Bestall  
2003 (10),  
UK

47 patients (male: no 
description; mean 
FEV1 of pred.: 37%; 
mean age: 69 years 
old); Int: 26; Con: 21

Setting: outpatient; component: 
education, AT (walking or 
cycling), MST (LE and UE); 
duration: 8 weeks; frequency: 
twice weekly

Setting: outpatient; component: exercise and 
discussion; frequency: once monthly; follow-up:  
6 months, 1 year

exercise 
capacity: 
ISWT; 
HRQOL: 
SGRQ

Steele  
2008 (11), 
USA

89 patients (male: 
no description; 
mean FEV1 of pred.: 
40%; mean age: no 
description); Int: 47; 
Con: 42

Setting: outpatient; component: 
education, AT (treadmills, 
stationary cycles, NuStep, and 
upper-extremity ergometers), 
MST; duration: 8 weeks; 
frequency: twice weekly

Setting: home or community, telephone; component: 
AT (walking), encouragement to exercise, self-
monitoring, one home visit; frequency (home or 
community): 4 times weekly; frequency (telephone): 
once weekly; follow-up: week 20, 52

exercise 
capacity: 
6MWD

Guel  
2017 (18), 
Spain

103 patients (male: 
89% mean FEV1 of 
pred.: 39%; mean 
age: 64 years old); 
Int: 53; Con: 50

Setting: outpatient; 
component: education, AT 
(leg cycle ergometry), chest 
physiotherapy, MST; duration: 
8 weeks; frequency: 3 times 
weekly 

Setting: home, outpatient, telephone; component: 
chest physiotherapy, MST, AT (cycle ergometer); 
frequency (home): 3 times weekly; frequency 
(outpatient): once in the alternate week; frequency 
(telephone): once every 15 days; follow-up: 12, 24,  
36 months

exercise 
capacity: 
6MWD

Linneberg 
2011 (19), 
Denmark

99 patients (male: 
38%; mean FEV1 of 
pred.: 42.2%; mean 
age: no description); 
Int: 49; Con: 50

Setting: outpatient; component: 
education, AT (walking or 
cycle training), MST (LE, 
UE, abdominal and thoracic 
muscles); duration: 7 weeks; 
frequency: twice weekly

Setting: home, outpatient; component: supervised 
exercise (similar to the PR), self-report written in diary; 
frequency (home): every day; frequency (outpatient): 
week 9, 11, 13, 18, 26, 52; follow-up: week 13, 26, 52

HRQOL: 
SGRQ; 
(total score 
only)

Engstrom 
1999 (20), 
Sweden

50 patients (male: 
52% mean FEV1 of 
pred.: 32%; mean 
age: 66 years old); 
Int: 26; Con: 24

Setting: outpatient; component: 
education, AT (bicycle), chest 
physiotherapy, MST (UE); 
duration: 6 weeks; frequency: 
twice weekly

Setting: home, outpatient; component: same as PR, 
home-based MST and AT (walking); frequency (home): 
every day; frequency (outpatient): (phase 1) once a 
week for 6 weeks, (phase 2) once every 2 weeks for 
6 weeks after phase 1, (phase 3) once every month 
after phase 2; Follow-up: 12 months

exercise 
capacity: 
6MWD; 
HRQOL: 
SGRQ

Roman  
2013 (21), 
Spain

36 patients (male: 
81% mean FEV1 of 
pred.: no description; 
mean age: 64 years 
old); Int: 20; Con: 16

Setting: outpatient; component: 
education, respiratory 
physiotherapy, MST (LE and 
UE); duration: 3 months; 
frequency: every day

Setting: outpatient; component: MST and respiratory 
physiotherapy; frequency: once weekly; follow-up:  
12 months

exercise 
capacity: 
6MWD

FEV1 of pred., forced expiratory volume in 1 second of predicted; 6MWD, 6-minute walking distance; ISWT, incremental shuttle walking 
test; SGRQ, St. George’s Respiratory Questionnaire; AT, aerobic training; MST, muscle strength training; LE, lower extremity; UE, upper 
extremity; PR, pulmonary rehabilitation; Int, intervention group; Con, control group.
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Figure 2 Risk of bias assessment.
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Figure 3 Effect of PR with maintenance compared with control group on 6MWD. PR, pulmonary rehabilitation; 6MWD, 6-minute 
walking distance; SE, standard error; IV, inverse variance; CI, confidence interval.

Figure 4 Effect of PR with maintenance compared with control group on ISWT. PR, pulmonary rehabilitation; ISWT, incremental shuttle 
walking test; SE, standard error; IV, inverse variance; CI, confidence interval.
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PR compared with a weekly group because the weekly 
group relied on supervised training and the monthly group 
performed more exercise training by themselves at home. 
Thus, to maintain the benefit of PR, sustained home-
based exercise training might be more important than low-
frequency supervised training. Also in the present meta-
analysis, 5 studies (9,11,18-20) had implemented home-
based unsupervised aerobic training at the maintenance 
phase, and their frequency was between 3 and 7 times per 
week. Although a systematic review of supervised exercise 
programs after PR in patients with COPD by Beauchamp  
et al. (12) has indicated that supervised training was 
important to maintain exercise capacity, almost all positive 

studies included in the present meta-analysis (9,11,18,20) 
adopted frequent home-based exercise training with low-
frequency supervised training. In a previous study about 
the long-term benefit of home-based exercise training, 
continued exercise training after termination of PR was 
emphasized to maintain PR efficacy (25). This report 
has supported the results of the present meta-analysis. In 
summary, it is recommended to continue supervised exercise 
training at least 3 times per week if possible, and it is more 
important to plan the PR with a home-based exercise 
program which patients can continue in the maintenance 
phase. Thus, the action plan for the continuation of 
home-based unsupervised exercise training can lead to the 

Figure 5 Effect of PR with maintenance compared with control group on SGRQ: (A) total score, (B) symptoms, (C) activity, and (D) impact. 
PR, pulmonary rehabilitation; SGRQ, St George’s Respiratory Questionnaire; SE, standard error; IV, inverse variance; CI, confidence 
interval. 
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integration of exercise training in daily life and physical 
activity, and will support long-term effectiveness.

Although the short-term efficacy of PR on HRQOL in 
patients with COPD have been clearly demonstrated (2),  
no long-term efficacy of HRQOL with a maintenance 
program were observed in the present meta-analysis. In 
another meta-analysis regarding the self-management 
interventions for patients with COPD, self-management, 
especially disease management, an action plan, nutritional 
support, and inhalation therapy were considered as 
quite important to improve HRQOL (26). Although 
6 studies (10,11,18-21) included in the present meta-
analysis had implemented self-management education and 
showed improved HRQOL in the initial PR program, 
no education had been implemented at the maintenance 
phase. Romagnoli et al. (27) have reported that repeated 
PR, including self-management education, was effective 
in HRQOL after 1 year of completing initial PR. This 
suggests that sustained self-management education in the 
maintenance phase is important to keep the efficacy of PR 
on HRQOL. On the other hand, behavioral change might 
be also a key component to maintaining HRQOL (22).  
The behavioral change, which includes incorporating 
multiple PR components (e.g., regular exercise training, 
the use of breathing techniques, the pace of movement, 
and energy conservation strategies) into the patient’s 
lifestyle, seems important; continuing education to improve 
lifestyle throughout the maintenance phase could lead to 
maintaining the benefits of PR (4). In addition, self-efficacy 
appears to play a major role in explaining many health 
behaviors and is essential in planning PR (28). Higher 
levels of self-efficacy are associated with lower levels of 
breathlessness, anxiety, and depression (29). Therefore, it is 
difficult to maintain the long-term efficacy by continuation 
of exercise training alone, and it is necessary to intervene in 
self-efficacy and behavioral change, particularly using self-
management with a diary (30) and feedback from the daily 
steps (31). It appears possible to maintain the efficacy of PR 
on HRQOL by providing a program that can be continued 
at home and by adding self-management education and 
initiatives to improve self-efficacy. We perceive further 
approaches to maintain the benefits of PR could include, for 
example, community-based PR (32), tele-rehabilitation (33), 
and tele-coaching (34).

This meta-analysis was limited by the heterogeneity of 
the maintenance programs, time of the assessment, and 
frequency of interventions, given maintenance programs do 
not have enough consensus on the components, duration, 

and frequency. HRQOL was evaluated only by SGRQ 
because there were few studies with other outcomes (e.g., 
Chronic Respiratory Questionnaire, MOS Short-Form 
36-Item Health Survey). Further research is needed to 
determine the long-term efficacy of PR with maintenance 
programs, including program factors, disease severity, 
and various outcomes (e.g., hospitalization days, anxiety, 
depression, shortness of breath, DOE, and physical 
activity). 

Conclusions

This meta-analysis suggests that PR with maintenance 
programs confers long-term efficacy on exercise capacity 
in patients with COPD. However, no long-term efficacy 
on HRQOL were noted. To maintain the efficacy of PR 
on exercise capacity and HRQOL, it might be necessary 
to reexamine the contents and frequency of maintenance 
programs, such as the addition of self-management 
education, home-based and community-based unsupervised 
exercise training, and reimplementation of PR after a 
certain period.
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