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Background: The application of pulmonary rehabilitation (PR) in chronic obstructive pulmonary disease (COPD)
improves functional capacity and health-related quality of life (HRQoL) at all stages of disease severity. The aim
of this study was to determine the effects of PR, performed through exercise training (PR-ET), on functional
capacity and HRQoL in patients with stable COPD.

Methods: The meta-analysis was performed by including randomized controlled trials (RCTs) involving patients
with stable COPD who participated in different types of PR-ET in which six-minute walk distance (6MWD) and/
or St. George’s Respiratory Questionnaire total scores (SGRQ) were measured. The data search was conducted
in December 2020 and January 2021.

Results: The first meta-analysis showed a statistically significant positive effect (MD=31.73m; p<0.00001) of PR-
ET on 6MWD. Similarly, the second meta-analysis found a statistically significant favourable effect of pulmonary
rehabilitation through exercise training on SGRQ total scores (MD=-8.09; p=0.002).

Conclusions: PR, which includes several different types of exercise training, has a positive effect on the
functional capacity and HRQoL of patients with stable COPD. Further studies should be conducted to determine
the effects of home-based PR-ET and PR-ET >8 weeks on SGRQ total scores.

Uvod: Plju¢na rehabilitacija (PR) bolnikov s kroni¢no obstruktivno pljuc¢no boleznijo (KOPB) omili simptome
bolezni in izboljsSa kakovost Zivljenja. Telesna vadba je kot element pljucne rehabilitacije pomembna za
izboljsanje telesne zmogljivosti bolnika, poveca toleranco na napor ter izboljsa strukturo in delovanje misic.
Zahtevnost telesne vadbe mora biti prilagojena omejitvam posameznika. Priporoca se izvajanje kombinirane
oblike vadbe, ki jo sestavljajo vadba za vzdrzljivost, moc in gibljivost. Namen raziskave je s pomocjo metaanalize
ovrednotiti ucinkovitost pljucne rehabilitacije, ki vkljuCuje element telesne vadbe, na telesno zmogljivost in na
z zdravjem povezano kakovost Zivljenja bolnikov s stabilno KOPB.

Metode: Decembra 2020 in januarja 2021 je bilo izvedeno iskanje virov. V raziskavo smo vkljucili randomizirane
kontrolirane studije, ki so: (i) preucevale bolnike s stabilno KOPB, (ii) vkljucevale pljucno rehabilitacijo s
telesno vadbo, (iii) merile telesno zmogljivost s pomocjo 6-minutnega testa hojein/ali (iv) vrednotile z zdravjem
povezano kakovost Zivljenja s pomocjo vprasalnika »St. George's Respiratory Questionnaire«.

Rezultati: Prva metaanaliza (20 randomiziranih kontroliranih studij) je pokazala statisti¢no znacilen, pozitiven
ucinek (MD = 31,73m; p < 0,00001) plju¢ne rehabilitacije z vkljuceno telesno vadbo na prehojeno razdaljo.
Podobno je druga metaanaliza (9 randomiziranih kontroliranih Studij) pokazala statisticno znacilen, pozitiven
ucinek (MD = -8,09; p = 0,002) pljucne rehabilitacije z vkljuceno telesno vadbo na z zdravjem povezano kakovost
Zivljenja bolnikov s KOPB.

Razprava in zakljucki: Pliu¢na rehabilitacija, ki vkljuCuje razli¢ne oblike telesne vadbe izboljsa telesno
zmogljivost in z zdravjem povezano kakovost Zivljenja pri bolnikih s stabilno KOPB. V nadaljevanju bi bila
smiselna izvedba metaanalize, ki bi vrednotila ucinek posameznih komponent telesne vadbe (vrsta, trajanje,
pogostost izvajanja, intenzivnost) na telesno zmogljivost bolnikov s KOPB. Smiselna bi bila tudi izvedba
metaanalize, ki bi vrednotila ucinek pljucne rehabilitacije s telesno vadbo izvedeno v domacem okolju in PR
daljse od 8 tednov, na z zdravjem povezano kakovost Zivljenja pri bolnikih s KOPB.
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1 INTRODUCTION

Chronic obstructive pulmonary disease (COPD) “is a
common, preventable, and treatable disease characterised
by persistent respiratory symptoms and airflow limitation
due to airway and/or alveolar abnormalities usually
caused by significant exposure to noxious particles
or gases” (4). Airflow limitation in COPD is caused by
chronic inflammation and is characterized by obstructive
bronchitis and emphysema. Systemic inflammation also
plays an important role in the comorbidity of patients
with COPD (1), including a markedly increased risk of
cardiovascular diseases (2).

COPD is considered an important public health issue. It
is the third leading cause of death worldwide (3), and is
particularly prevalent in the aging population that has
been exposed to tobacco smoke (4). The global prevalence
of COPD in adults is estimated to be 11.7% (5). Due to the
high prevalence of smoking and the increase in the elderly
population in developing countries, the prevalence of
COPD is expected to increase (6).

Pharmacological treatment of COPD is required to reduce
the symptoms, severity, and frequency of exacerbation
of the disease, improve exercise tolerance, and general
health (4). Treatment of stable COPD also includes
pulmonary rehabilitation (PR) as a key component
in the management of COPD patients (4, 7). PR is a
multicomponent intervention usually based on smoking
cessation counselling, influenza and pneumococcal
vaccination, education on the proper use of prescribed
inhalation therapy, nutrition, and exercise training (4,
8). Exercise intolerance and limb muscle dysfunction
are among the most troubling symptoms of COPD (7,
9). Considering an individual's characteristics and
comorbidities (7), institution- and home-based PR
improves functional capacity and health related quality of
life (HQoL) at all stages of disease severity (4).

HQoL is an important indicator of the impact of chronic
disease, and can be severely impaired in patients with
COPD (10). The St. George’s Respiratory Questionnaire
(SGRQ) is a disease-specific instrument designed to
measure the impact on general health, daily life, and
perceived well-being in patients with obstructive airway
disease (11). When monitoring these patients, a favourable
change in the SGRQ score may indicate the effectiveness
of a given treatment (12).

Exercise training is an important component of PR to
stabilize COPD. It is the best available means to improve
exercise tolerance and muscle function (13), and also
contributes to cardiovascular health in COPD patients (14,
15). For example, COPD as an endothelial disorder (16)
increases therisk of cardiovascular diseases (2). Apparently,
impaired blood flow worsens endothelial dysfunction in
moderate to severe COPD (17). Patients with severe airway

obstruction who are physically active are less susceptible
to significant disfunction of flow-mediated vasodilatation
(17). 1t appears that higher levels of physical activity and/
or long-term PR including exercise may improve quality of
life and reduce cardiovascular risk in COPD patients (14).
Before starting an exercise programme, an assessment of
physical fitness is necessary to individualize the training
protocol (18). Endurance training (EDT) programmes
generally increase endurance performance by inducing
adaptations in the cardiorespiratory and neuromuscular
systems (18). Improved endurance performance results in
reduced ventilatory demand, which is why EDT is strongly
recommended in COPD (19). The American College of
Sports Medicine recommends daily aerobic exercise (30-60
minutes) at moderate level. Exercise should be rhythmic,
using large muscle groups, such as walking, cycling, and
swimming (20). When endurance training is supplemented
with resistance training (RT), muscle mass and strength
improve (21). RT for the major muscle groups should
be performed at least 2 days per week with moderate
intensity (20). Flexibility exercises for the upper and lower
limbs performed 2-3 days per week are commonly included
in PR (22). A minimum of 8 weeks of training is required
for clinically meaningful changes in exercise capacity and
quality of life (22). Therefore, a maintenance program or
at least sufficient support should be offered to patients
with COPD (4).

The six minute walk test (6MWT) can be used to predict
cardiorespiratory fitness in the healthy population (23),
and the usual result of the related tests is the six-minute
walking distance (6MWD). Current data confirm that
the 6MWT is valid and reliable for assessing functional
exercise capacity and response to treatment in diverse
patients’ groups (23, 24). The feasibility of the 6MWT has
been studied in pulmonary diseases. It was found to be
feasible in patients after mechanical ventilation (25) or
lung transplantation (26), and in patients with chronic
obstructive pulmonary disease (27, 28). Consequently,
the 6MWT is a widely accepted method for evaluating
the effects of PR performed through physical activity or
exercise on functional exercise capacity in COPD (18).

The aim of this study was to perform a review and meta-
analysis to investigate the effects of PR, as performed
by exercise training (as at PR-ET), on functional capacity
(measured by 6MWT) and health-related quality of life
(measured by SGRQ) of patients with stable COPD.

In addition, the above effects will be assessed by comparing
home- and institution-based PR-ET and PR-ET with a duration
of <8 weeks and >8 weeks. Supervised institutional-based PR-
ET is expected to have a greater impact on 6MWD and SGRQ
total score than home-based PR-ET. Based on summation of
effects, PR-ET with longer duration would likely be more
effective than the shorter ones.
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COPD is considered an important public health issue. In
this context, we present the following hypotheses (H),
both of which refer to patients with stable COPD:

H1: PR-ET has a positive effect on 6MWD.
H2: PR-ET has a positive effect on SGRQ total score.

2 METHODS

2.1 Eligibility criteria

The search was performed using the PICO index: 1)
population: COPD patients in a stable phase of the
disease or defined free of exacerbations at least 4 weeks
prior PR-ET; 2) intervention: any PR which includes any
type of home- or institution-based exercise training
with or without isolated respiratory muscle training; 3)
comparison: patients in PR-ET (intervention group) with
patients without PR-ET (control group); 4) outcomes:
walking distance in the 6MWT and/or the SGRQ total
score. Furthermore, one study where a combination of
home-based and institution-based PR-ET was performed
were not included in the meta-analyses.

2.2 Search strategy

The search of the following information sources - PubMed,
EBSCO and PEDro - was performed in December 2020 and
January 2021. There were no restrictions on the year of
publication. The search strategy was based on the search
termswithin four core elements, each with the corresponding
synonyms: i) COPD, ii) pulmonary rehabilitation, iii) physical
exercise, iii) randomized controlled trial, iv) outcome
parameters. Search terms referring to these elements
in the title or abstract in all mentioned databases, were
merged with Boolean operators.

2.3 Assessment of the methodological quality of the
studies included

To determine the eligibility of the studies, the PEDro scale
(29) was applied as it is considered a valid measure of
methodological quality of clinical trials (30). All studies
were rated as fair quality and above (4+/10), except one
study which was rated as 3/10. The studies were performed
in various settings, by using a variety of PR-ET on different
groups of patients with COPD. In these circumstances it
is not always possible to satisfy all PEDro criteria items
(31). Hence, we decided to include the study rated as
3/10 in the meta-analyses as it reported all the required
information. Furthermore, RCTs included in meta-analyses
are assessed by using TIDieR checklist (32) (Appendix 1).
To assess the certainty of the evidence, which reflects
the extent to which our confidence in an estimate of
effect (in our case determined from the meta-analyses)
is sufficent to support a particular recommendation,
Grading of Recommendations Assessment, Development

and Evaluation - GRADE (33) was adopted by using the
web app GRADEproGDT (34).

2.4 Data extraction

The following data was extracted by the second and third
authors: the article reference, intervention, the location
of the RCT (home-based/institution based), type/duration
of PR-ET, number of participants within the experimental/
control group, 6MWT and SGRQ results as means and
standard deviations. No discrepancies between the two
authors were identified. If the results were provided
using other measures of dispersion (e.g., SE, 95% Cl), the
required information was estimated using the available
guidelines (35).

2.5 Statistical analysis

The results were analysed using Review Manager 5.3,
and the random effects model with the inverse variance
method was performed using the mean differences (MD)
between the results of the experimental and control
groups, where the MD of the measurements before and
after PR-ET were considered. The threshold for statistical
significance was 0.05. We evaluated the effect size (ES)
and the corresponding confidence interval - Cl (95%). The
results were graphically presented with forest plots. The
heterogeneity between the studies was determined by
12: <30% represents a negligible heterogeneity; 30%-75%
moderate; and >75% considerable (36).

3 RESULTS
3.1 Literature search

The initial search resulted in 1,640 articles. After
excluding those which did not meet the inclusion criteria,
20 remaining articles were considered in the further
analysis. As already noted, one article (37) was excluded
as it included a PR-ET where a combination of home-
based and institution-based PR-ET was performed (Figure
1). However, its findings are presented in the Discussion
and compared with the results of our study. For two
articles, the corresponding authors were asked to provide
additional data (i.e. MD and SD for the 6MWT and SGRQ).
Only in one case was the request satisfied. Finally, 18
articles (38-55) were considered. As two articles reported
the results of two independent RCTs, in total there were
20 RCTs included. For all of them 6MWD were provided,
only nine RCTs also had SGRQ results. The details of RCTs
are presented in Appendix 2.

3.2 The effects of PR-ET on 6MWD

The first meta-analysis included 20 RCTs performed on a
total of 977 participants: 510 were in the experimental
group and 467 in the control group. The 6MWT results are
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Title and abstracts
screened, excluded 1526
articles including duplicates

Records identified through
database search
(n=1640)

I

Full text article assessment | o
(n=114) =

Pubblications excluded:
ongoing studies, study
protocols, inclusion criteria
not satisfied

(n=94)

Exclusion of one article with
the combination of home-

Y based and institution-based
PR-ET
(h=1)
Articles examined in detail

(n=20)
The corresponding authors
of two articles were asked
to provide additional data,
one article excluded
(n=1)
A

In total, 18 articles, representing 20 RCTs were included in meta-analyses:
- 20 RCTs provided 6MWT results
- 9 RCTs provided SGQR results

Figure 1. Database search flowchart.

reported as six-minute walking distance in metres (m).
The pooled ES indicated a statistically significant positive,
i.e. favourable effect of PR-ET on 6MWD (MD=31.73m,
[20.34m, 43.11m], Z=5.46, p<0.00001). The forest plot
(Figure 2a) also presents the pooled ES separately for

home- and institution-based PR-ET. In both cases the effect
of PR-ET on 6MWD was positive and statistically significant
(home-based PR-ET: MD=23.73m, [6.43m, 41.03m], Z=2.69,
p=0.007; institution-based PR-ET: MD=39.30m, [23.07m,
55.53m], Z=4.75, p<0.00001). Furthermore, the forest plot
in Figure 2b also presents the pooled ES separately for
the duration of PR-ET <8 weeks/>8 weeks. In both cases
the effect of PR-ET on 6MWD was positive and statistically
significant (duration of PR-ET <8 weeks: MD=31.45m,
[17.32m, 45.57m], Z=4.36, p<0.0001); duration of PR-ET >8
weeks: MD=31.93m, [12.61m, 51.26m], Z=3.24, p=0.001).
Statistical heterogeneity was moderate for: all included
RCTs (12=66 %, p<0.0001), institution-based RCTs (12=49%,
p=0.03), PR-ET of the duration <8 weeks (12=58 %, p=0.004),
PR-ET of the duration >8 weeks (12=60 %, p=0.02), while
for home-based RCTs was high (12=78 %, p<0.0001).

3.3 The effects of PR-ET on SGRQ score

The second meta-analysis included nine RCTs performed on
a total of 364 participants: 190 were in the experimental,
174inthe control group. The pooled ES showed a statistically
significant negative, i.e. favourable, effect of PR-ET on the
SGRQ total score, which was expressed in units (MD=-8.09,
[-13.25, -2.94], 7=3.08, p=0.002). The forest plot (Figure
3a) also presents the pooled ES separately for institution-
based and home-based PR-ET. The sub-meta-analysis
for institution-based PR-ET indicates the statistically
significant effect of PR-ET on SGRQ total score (MD=-9.23,
[-14.96, -3.50], Z=3.16, p=0.002), while for home-based PR-
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Test for overall effect: Z = 546 (P < 0.00001)
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Legend: Green squares represent the average mean differences between intervention and control group outcomes, their horizontal
lines represent a 95% confidence interval (Cl). The black diamond shape represents the pooled mean difference within each analysis.

Figure 2. Effects of PR-ET on 6MWD: a) home-/institution-based and b) duration of PR-ET <8 weeks/>8 weeks.
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ET the mentioned effect was not statistically significant
(MD=-5.53, [-14.02, 2.96], Z=1.28, p=0.20). Furthermore,
the forest plot in Figure 3b also presents the pooled ES
separately for the PR-ET of the duration <8 weeks and >8
weeks. In the case of RCTs with the PR-ET of the duration
<8 weeks, the pooled ES on SGRQ total results was
favourable and statistically significant (MD=-7.19, [-10.95,
-3.43], Z=3.75, p=0.0002) as opposed to the experiments
of the PR-ET duration >8 weeks, where it was not
statistically significant (MD=-10.78, [-25.88, -4.31], Z=1.40,
p=0.16). Statistical heterogeneity was high for all included
RCTs (12=80 %, p<0.0001) and for PR-ET of the duration >8
weeks (12=91%, p<0.0001), and moderate for home-based
RCTs (12=70%, p=0.04) and institution-based RCTs (12=66%,
p=0.01), while it was not statistically significant for the PR-
ET of the duration <8 weeks (12=23 %, p=0.26).

4 DISCUSSION

Pulmonary rehabilitation (PR), including exercise training
(ET), is recognized as an important component of
treatment for patients with chronic respiratory disease.
PR is designed to reduce symptoms and improve functional
capacity and health-related quality of life in COPD (13).
In this study, the effect of PR, performed by exercise
training (PR-ET), on the six-minute walk distance (6MWD)
and St. George’s Respiratory Questionnaire (SGRQ) total
scores in patients with stable COPD was investigated.

The 6MWT is the gold standard for assessing functional
capacity in COPD patients (18) and a valid predictor of
potential hospitalisation (56) - the longer the 6MWD, the
lower the risk of hospitalization. Our meta-analysis shows
that PR-ET including various forms of exercise training
significantly improves 6MWD (31.73m) (Figure 2), indicating

the relevant beneficial effect of PR-ET on functional
capacity in COPD. A number of studies have reported a
threshold for the minimal clinically significant difference
in changes in 6MWD of 25-35m (57). Therefore, according
to the study hypothesis H1, i.e. that PR-ET has a positive
effect on 6MWD in COPD, can be confirmed. Moreover, the
increase in 6MWD after PR-ET was of clinical significance.
Our meta-analysis included studies that considered
different forms of exercise training relevant to increasing
functional capacity. This variability of PR-ET is probably
one of the main reasons for the moderate heterogeneity
of the results (12=66%, p<0.0001).

Considering that PR-ET is very effective in improving
functional capacity in COPD (13), our meta-analysis
examined the effects of institutional- and home-based
PR-ET on 6MWD. The results suggest that significant
improvement in 6MWD is also achieved with home-based
PR-ET. However, 23.73 m (Figure 2) for the mean change
in 6MWD in the case of home-based PR-ET does not reach
the minimum clinically relevant required change of 25 m
(57). This suggests that home-based PR-ET significantly
improves the functional capacity of COPD patients, but
institutional-based PR-ET produces a clinically relevant
mean change in 6MWD (39.30 m). Home-based PR-RT
could be an alternative to outpatient or hospital-based
programs for those patients who, for various reasons,
cannot attend PR-ET in specialized institutions. One way
to improve the efficiency of home-based PR-ET could
be to enable patients to self-manage their own training,
not to mention to receive adequate expert support (22).
For example, PR-ET, which is performed partly under
professional supervision and partly without, increases
tolerance to exercise (37). The use of multimedia in the
home-based PR also improves exercise performance in
COPD patients (58). Certain forms of home-based PR-ET
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Figure 3. Effects of PR-ET on SGRQ total score: a) home-/institution-based and b) duration of PR-ET <8 weeks/>8 weeks.
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may facilitate the maintenance of benefits acquired in
outpatients PR (59).

Compared with baseline, a significant improvement in
walking distance was observed for PR-ET of duration <8
weeks (31.45 m) and PR-ET of duration >8 weeks (31.92
m) in patients with stable COPD (Figure 2). Therefore, to
achieve clinically meaningful gains in functional capacity,
PR-ET <8 weeks may be acceptable. This is encouraging
in terms of patient motivation. We must consider that in
our meta-analysis, most RCTs that included a short PR-ET
were exactly 8 weeks long, and no studies were shorter
than 4 weeks. Indeed, the GOLD report (4) summarizes
that the optimal benefit of PR is achieved in programmes
lasting 4-8 weeks. The available evidence suggests that
extending PR to 12 weeks does not add any benefit.
However, if the results of PR are not supported, its
benefits diminish over time. Therefore, it is important to
participate in maintenance programmes after PR (4, 60).
In our meta-analysis, RCTs that included PR-ET lasting >8
weeks showed a significant, moderate heterogeneity of
the results (Figure 2b: 12=60%, p=0.020). The reason for
this is likely to be found in the study by Xi et al. (44), in
which a significant improvement in walking distance was
observed after PR-ET consisted of high-frequency training
(25 times per week). While, in the study by Roman et
al. (52), no improvement in walking distance was found
in patients with COPD and low impairment when PR-ET
includes low-intensity peripheral muscle training.

The SGRQ is suitable to assess health-related quality of
life (HRQoL) in patients with COPD (12, 49). In our meta-
analysis, the overall effect of PR-ET on the SGRQ score and
thus on the quality of life of COPD patients was favourable
and statistically significant (Figure 3: -8.09). Based on this
result H2, i.e., PR-ET has a positive effect on SGRQ total
score, can be confirmed. Similarly, other meta-analyses
found a statistically significant effect of PR-ET on HRQoL
as assessed by SGRQ (62-64). The submeta-analyses of
the institution-based PR-ET (Figure 3a) and also PR-ET
with a duration of <8 weeks (Figure 3b) were found to
be favourable and statistically significant, in contrast to
the submeta-analyses of the home-based PR-ET and PR-ET
with a duration of >8 weeks, where the results were not
statistically significant. Before making further conclusions,
it should be noted that the latter two submeta-analyses
were performed on only three RCTs, which is below the
recommended minimum (65). Therefore, further studies
should be conducted to evaluate the effects of PR-ET
on SGRQ score in home-based PR, and those that have a
duration of >8 weeks.

Before drawing any further conclusions about the results
of the meta-analyses, the following limitations shoud be
considered. In this study there were RCTs with different
types of ET and different groups of patients with stable
COPD. This probably contributed to the substantial
heterogeneity of the results. Our results suggest that
different types of ET, included in PR, are beneficial for
COPD patients. However, further meta-analyses with
different types of ET and different groups of COPD
patients should be performed to determine the efficacy
of each type of PR-ET. Currently, because of the relatively
small number of RCTs that satisfy the inclusion criteria, it
is not possible to meet the criterion of the recommended
minimum number of RCTs in the meta-analysis by grouping
the RCTs according to different types of ET and different
groups of COPD (please, refer also to Appendix 2). Another
important limitation of this study is the problem of
adherence - that is, the degree to which an intervention
was delivered in the manner planned by the investigators
- in the RCTs included in the meta-analysis. As shown in
Appendix 1, of the 18 RCTs included in our study, only
nine reported how adherence to the intervention should
be assessed (item 11 of the TIDieR), and of these, only two
RCTs reported the actual extent to which the intervention
was delivered as planned (item 12). Furthermore, the
results of certainty of evidence (GRADE) were low for
both meta-analyses. This fact certainly detracts from the
relevance of our meta-analyses, and particular caution
should be exercised in generalizing our results. Moreover,
this fact is also an urgent call to researchers in the field
to improve the design and reporting of RCTs in this area.

5 CONCLUSION

Our meta-analyses show that PR-ET including different
types of ET has a significant, beneficial effect on functional
capacity and HRQoL in COPD patients because: (i) overall
it improves 6MWD and SGRQ total scores; (ii) produces
a clinically significant improvement in 6MWD when
performed as institutional-based PR-ET, and in the case of
PR-ET<8 weeks and PR-ET>8 weeks; (iii) the institutional-
based PR-ET and PR-ET<8 weeks subcategories also show
significant, favourable effects on SGRQ total scores.

The results are positive in that they suggest that patients
can include the exercise training that is most appropriate
for them in their PR. They also suggest that the benefits to
functional capacity in COPD can be achieved even when PR-
ET is performed at home. To achieve clinically important
improvements in functional capacity, PR-ET proved more
effective when performed in specialized institutions.
Special attention should be paid to determining the
impact of home-based PR-ET and PR-ET>8 weeks on the
SGRQ score.
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Therefore, it is recommended that healthcare institutions
include PR-ET in the management of patients with stable
COPD, as it is an effective, complementary intervention
to conventional pharmacological treatments. However, for
better planning of PR-ET in COPD patients, further studies
should be conducted to clarify the effects of different
training variables on their functional capacity.
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Appendix 1. Assessment of the 12 TIDieR items for the RCTs included in the meta-analyses.
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RCT Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 Item9 Item 10 Item 11 Item 12
Breyer et al. (2010) yes yes yes yes yes yes yes yes yes no no no
Finnerty et al. (2001) yes yes yes yes yes yes unclear yes no no no no
Gallo-Silva et al. (2019) yes yes yes yes unclear yes yes yes yes no yes no
Gottlieb et al. (2011) yes yes yes yes unclear yes unclear yes no no yes no
Hospes et al. (2009) yes yes yes yes yes yes yes yes yes no no no
Lahham et al. (2020) yes yes yes yes yes yes yes yes yes no yes no
Li et al. (2018) yes yes yes yes unclear yes yes yes yes no yes yes
McNamara et al. (2013) yes yes yes yes yes yes yes yes yes no no no
(land-based PR-ET)

McNamara et al. (2013) yes yes yes yes yes yes yes yes yes no no no
(water-based PR-ET)

Pradella et al. (2015) yes yes yes yes unclear yes unclear yes no no yes no
Ringbaek et al. (2000) yes yes yes yes yes yes yes yes yes no no no
Roman et al. (2013) yes yes yes yes yes yes yes yes no no no no
Tsai et al. (2017) yes yes yes yes yes yes yes yes yes no yes no
Wadell et al. (2013) yes yes yes yes yes yes unclear yes yes no yes unclear
Wijkstra et al. (1996) yes yes yes yes yes yes yes yes yes no yes no
Xi et al. (2015) yes yes yes yes unclear unclear yes yes no no no no
Yekefallah et al. (2019) yes yes yes yes yes* yes yes yes unclear no unclear no
(home-based PR-ET)

Yekefallah et al. (2019) yes yes yes yes yes* yes yes yes unclear no no no
(institution-based PR-ET)

Yudhawati and Rasjid Hs (2019) yes yes yes yes yes yes unclear yes no no no no
Zhu et al. (2018) yes yes yes yes yes yes unclear yes no no yes yes

Note: Please refer to TIDieR checklist (32) for further details.
Legend: *Identified in the secondary sources.
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Appendix 2. Characteristics of RCTs: type and duration of intervention, intervention at home or in an institution, frequency and
duration of sessions including relevant details.

RCT Intervention Home-/ Duration Frequency Session Details
Institution- of sessions duration
based

Breyer et al. (2010) Nordic Institution 3 mo. 3/ w. 1h 75% of the initial maximum heart

walking rate. Total duration of intervention:
9 months, data assessment after 3
months was used in meta-analysis.

Finnerty et al. (2001) Walking Home 3 mo. 1/ w. 1h Walking program with nine levels,

the maximum level being 10 min of
rest and then 10 min of walking. Total
duration 6 months, assessment after 3
months was used in meta-analysis.

Gallo-Silva et al. (2019) Water based Institution 8w. 3/ w. 30 - 50 min Intervention consisted of warm-up (10 min)

physical and aerobic exercises - upper limbs, and lower
training limbs that involved the hips, feet, ankles,
hands/wrists, and shoulders (initial duration
was eight 20-min sessions, progressing to eight
sessions of 30 min and finishing with eight
40-min sessions). The prescribed intensity was
based on a Borg CR-10 scale rating of 4 to 6.
Gottlieb et al. (2011) Physical Institution 7 w. 2/ w. 90 min Endurance training, static circuit
training training, free brisk walking and breathing
techniques. The aim was an intensity
of 16-17 on a 20-point Borg scale.
Hospes et al. (2009) Pedometer- Home 12 w. Individualized - Individualized - Individual pedometer-based exercise
based see details see details counselling program promoting daily physical
exercise activities and usual care. Predominantly
based on the principles of individualized
goal setting and implementation of goals to
enhance patients’ daily physical activities and
to develop a more physically active lifestyle.

Lahham et al. (2020) Resistance Home 8w. Goal: 5/ w. Goal: 30 min.  Work towards achieving the goal of 30 min

training of whole-body resistance training (upper and
lower limb exercises using home stairs for
step-ups and sealed water bottles as weights)
and record their exercise participation
using the home-exercise diary. Training
programme calculated at 80% of initial
walking speed from the baseline 6MWT. The
intensity was gauged using the Borg scale.

Li et al. (2018) Aerobic Home 8w. A3/ w. A:5-20min  A: 70%-80% of maximum HR (duration: 5
training (A), UR: 3/ w. UR: (see details) min from the onset, and then accumulate
upper limb R:1/d. R: 30 min. to 20 min.). UR: 0.5 kg-weight load, hold on
resistance for 5 s at the end of inspiration and then

training expire slowly. R: Half-closed-lip abdominal
(UR), and respiratory training and sputum drainage.
respiratory Health education was included.
training (R)
McNamara et al. (2013) Land-based Institution 8w. 3/ w. 60 min. Warm-up (8 min), lower limb endurance
-land-based PR-ET exercise (20 min), rest period (3 min), lower limb
training endurance (15 min), rest period (2 min), upper
limb endurance (10 min), cool down (2 min).
Intensity of 80% of the average 6MWT speed
either over ground or on a treadmill.
McNamara et al. (2013) Water-based Institution 8w. 3/ w. 60 min. Similar to above. Exercise in water and on
-water-based PR-ET exercise land was matched as closely as possible for
training intensity duration and muscle groups trained,
considering the different exercise media.

Pradella et al. (2015) Walking, Home 8w. 3/ w. 70 min. Walking (40 min), climbing stairs (15 min), and

climbing exercising the arms with an oil can (1 kg) using
stairs and diagonal movements (15 min).
upper limb

exercises
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RCT Intervention Home-/  Duration Frequency Session Details
Institution- of sessions duration
based
Ringbaek et al. (2000) Exercise Institution 8 w. 2/ w. 60 min. Warming-up, mobility training, coordination
programme tests, dynamic strength exercise of upper
(see details) and lower extremities and abdominal
musculature, stair climbing and jogging as
endurance training, stretching and relaxation.
The intensity and load of the exercise were
individualized so the patients achieved a
dyspnoea-score of 4-5 out of 10 on a Borg scale.
Roman et al. (2013) Respiratory  Institution 3m. 1/ w. 60 min. Respiratory physiotherapy (self-conscious
physiotherapy breathing control, diaphragmatic breathing
+ low intensity control) and exercises for the chest wall
peripheral and abdominal muscle walls (15 min) and
muscle training low intensity peripheral muscle training
(abdominal and upper and lower limb
exercises, shoulder and full arm circling,
weight-lifting and other exercises - each
exercise was repeated 8-10 times over 45 min).
Tsai et al. (2017) Supervised Home 8w. 3/ w. 41-55 min Participants received a laptop computer
group exercise + lower limb  with an in-built camera, a stationary
Telerehabi- exercises lower limb cycle ergometer, and a finger-
litation training tip pulse oximeter. Warm-up (5 min) and
cardiovascular exercises were performed
on lower limb cycle ergometer (15-20 min),
followed by the rest period (3-5 min), walking
training (15-20 min), rest period (3-5 min)
and lower limb strengthening exercises
(3 x 10 sit to stand, 3 x 10 squats).
Wadell et al. (2013) Graduated Institution 8w. 3/ w. 2.5h Graduated exercise training for upper and
exercise lower limbs, i.e., walking on treadmill and in
training for corridor, cycle ergometer, arm ergometer,
upper and strength/resistance exercises for upper and
lower limbs lower limbs, and mobility exercises. Subjects
and exercises worked at their highest attainable work rate
to increase for the longest tolerable duration by targeting
mobility at least a “moderate” intensity of breathing
discomfort on the modified 10-point Borg scale.
Wijkstra et al. (1996) Exercise Home 12 w. 2/d. 30 min Relaxation exercises, breathing retraining,
programme upper limb training, target-flow inspiratory
(see details) muscle training (IMT - 15 min), and exercise
training on a home-trainer (4-12 min). During
IMT, the patients had to generate 70% of their
maximal inspiratory pressure during 3 s, whilst
the unloaded expiration was 4 s.
Xi et al. (2015) Exercise Home 12 m See details. See details.  Pursed-lip breathing (three times 5 min per
programme day), abdominal breathing (two times 10 min
(see details) per day) and upper and lower limb exercises
(daily: 5 min each time, gradually increasing
to 20 min).
Yekefallah et al. (2019) Breathing Home 1m. 4/d Not specified Pursed-lip and diaphragmatic breathing
-home-based PR-ET exercises (see details) exercises performed at home (morning,
noon, evening, and night).
Yekefallah et al. (2019) Exercise Institution 1m. 3/w 30 min. Warm-up (5 min), upper limb strengthening
-institution-based PR-ET programme exercises using one- or two-kilogram dumbbells
(see details) (20 min), cool-down exercises (5 min).
Yudhawati and Rasjid Hs (2019) Yoga Institution 12 w. 2/ w. 60 min. Yoga classes with emphasis on
breathing techniques.
Zhu et al. (2018) TaiChi ~Institution 3 1/w. 40-50 min  Supervised modified Tai Chi training,

adapted to patients with COPD.
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