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Abstract
Objective: Pulmonary rehabilitation (PR) has been considered to be an effective treatment
method for various respiratory diseases. However, the effects of exercise-based PR on
patients with severe/very severe chronic obstructive pulmonary disease (COPD]) are unclear. $°rre)5(fmndencet°=
. . . . . . . . an e
This review aimed to investigate the effects of exercise-based PR on patients with severe/very Depirtmem of Respiratory
Di , The First
severe COPD. | | - e
Methods: PubMed, Embase, Cochrane Library, Web of Science, and ClinicalTrials.gov Henan University of

Chinese Medicine, 19

databases were searched from inception to December 23, 2022, without language restrictions.  genmin Road. Jinshui

Randomized controlled trials (RCTs) investigating the effects of exercise-based PR on patients  District. Zhengzhou, Henan
450046, People’s Republic

with severe/very severe COPD were included. Study selection, data extraction, and risk of of China.
bias assessment were conducted independently. RevMan software (version 5.3) was used Collaborative Innovation
. . . . . . Center for Chinese
for meta-analysis. The quality of evidence was rated using the Grading of Recommendations Medicine and Respiratory
Assessment, Development and Evaluation system. EyisljZiZi‘;‘;S&”;t[&L‘md
Results: Six studies (263 patients) were identified. Compared with the control group, the Education Ministry of P.R.
6-min walking distance [MD = 52.91, 95% CI (3.80, 102.03)], the St. George’s Respiratory e erstty
Questionnaire total scores [MD = -7.70, 95% CI (-14.32, -1.08]] and the Borg scale scores g’;zz?ji’f;f-gﬁ&z‘e's
[MD = -0.68, 95% CI (-1.28, -0.08)] in the experimental group improved, rlespectively. The St an key Laboratory
George’s Respiratory Questionnaire and Borg scale scores were rated as ‘moderate quality’ of Chinese Medicine for
. o . . . . . Lo Respiratory Disease,
and ‘low quality’, respectively, and the 6-min walking distance was rated as ‘very low quality’.  Henan University of
Conclusions: Exercise-based PR may improve the exercise capacity, quality of life and Chinese Medicine, |
] K i | engzhou, People’s
dyspnea of patients with severe/very severe COPD, which can be regarded as an adjuvant Republic of China

treatment. High quality and large sample RCTs are needed. xieyanghn@163.com
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Introduction rising.2 The World Health Organization predicts ;LESI':;?WM[;Z:E'Z: for
Chronic obstructive pulmonary disease (COPD) that COPD will become the third leading cause of  Henan University of
is a common, preventable, and treatable disease death and the fifth largest economic burden in the g:;egsziyuedpi:i;:{es
characterized by persistent respiratory symptoms world by 2030.2 Chronic and progressive dyspnea  Republic of China

and airflow limitation, which seriously endangers is the most characteristic symptom of COPD, Department of Respiratory

public health.! With the increase in the number of which can further lead to the decline of exercise Ef'fslf;fsjggfpi'arf;f

smokers, the continuous accumulation of envi- capacity and quality of life, and bring a heavy dis-  Henan University of

. . . . . . Chinese Medicine,
ronmental pollution and social aging, the preva- ease burden, especially for patients with severe Zhengzhou, People’s

lence, morbidity, and mortality rate of COPD are and very severe COPD.* In addition to Republicof China

journals.sagepub.com/home/tar 1

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tar
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:xieyanghn@163.com

THERAPEUTIC ADVANCES in
Respiratory Disease

Volume 17

pharmacological therapy, nonpharmacological
therapy can be used as a supplement according to
the management guidelines of stable COPD.
Pulmonary rehabilitation is an important part of
nonpharmacological therapy, which has a positive
impact on improving exercise capacity, health sta-
tus, and dyspnea of patients in stable stage.>

Pulmonary rehabilitation (PR) is a comprehen-
sive intervention aimed at improving the physical
and mental status of patients with chronic respir-
atory diseases, including but not limited to exer-
cise training, education and behavior change. As
the core component of PR, exercise training
includes endurance training, interval training,
resistance/strength training, and upper limb train-
ing, among others.® Multiple evidences show that
exercise-based PR can better improve the exercise
capacity, quality of life, and dyspnea of COPD
patients compared with non exercise items.”-10
There are differences in disease changes accord-
ing to disease severity. Most of the existing lit-
erature reviews did not distinguish COPD
patients with different severity, and the evi-
dences of exercise-based PR were mainly con-
centrated in moderate-to-severe COPD patients.!
Whether patients with severe/very severe COPD
can tolerate and benefit from PR training, and the
safe and effective intensity of exercise training has
not been determined. Therefore, this study aimed
to evaluate the effects of exercise-based PR on
exercise capacity, quality of life and dyspnea in
patients with severe/very severe COPD.

Materials and methods

The method of this review strictly followed the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement.!! The
protocol for this review has been registered in the
International Prospective Register of Systematic
Reviews (PROSPERO) and the registry number
is CRD42022294085.

Search strategy

Search databases including PubMed, Embase,
Cochrane Library, Web of Science, and
ClinicalTrials.gov from database creation to
December 23, 2022, with no language restric-
tions. Elaborated search strategies were devel-
oped associated with ‘chronic obstruction
pulmonary disease’ and ‘pulmonary rehabilita-
tion’ (including exercise training, exercise

therapy, endurance training, resistance training,
muscle stretching exercise, upper limb training,
and interval training) and ‘randomized controlled
trials (RCTs)’. The references and related sys-
tematic reviews were also reviewed.

Research selection

First, by browsing the title and abstract, duplicate
and inappropriate studies were discarded.
Screening was then performed based on inclusion
and exclusion criteria. Inclusion criteria included
all of the following: (a) patients with severe and
very severe COPD according to the severity of air-
flow limitation classified by post-bronchodilator
FEV,; (b) interventions involved any exercise-
based PR compared with other treatments (drug
treatment, routine nursing, patient education,
etc.), such as endurance training, resistance train-
ing, exercise training, upper limb training, flexibil-
ity training and interval training; (c) at least one of
the results recorded exercise capacity, quality of
life or dyspnea; (d) the study was designed as a
RCT. Because the exercise plan could not be
blind and had great heterogeneity, the blind
method of this study was not limited. Exclusion
criteria were (a) participants with other complica-
tions of respiratory discomfort in addition to
COPD; (b) the type of literature was a study pro-
tocol; and (c) insufficient original materials or
unable to obtain full text, such as meeting sum-
maries or supplementary information. The
detailed retrieval strategies and steps are presented
in the Supplementary Materials Appendix 1.

Data extraction

Two investigators conducted the study and any
disagreements were resolved in consultation with
the third investigator. Extracted information
comprised author information, region, design
scheme, sample size, participant status, interven-
tion measures, course, and outcomes. The
extracted outcomes were as follows: exercise
capacity measured by 6-min walking distance
(6MWD), quality of life measured by St. George’s
Respiratory Questionnaire (SGRQ) sores, and
dyspnea measured by Borg scale scores.

Risk of bias evaluation

Two researchers assessed the risk of bias using the
Cochrane risk of bias tool,!2 and the third
researcher acted as an arbitrator for the
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inconsistency. The aspects of evaluation included
random sequence generation, allocation conceal-
ment, blinding of participants and personnel,
blinding of outcome assessment, incomplete out-
come data, selective reporting, and other bias.
Each study was divided into low risk of bias,
unclear risk of bias or high risk of bias.

Data analysis

RevMan software (version 5.3) was used for meta-
analysis. Continuous data were estimated by mean
difference (MD) and 95% confidence interval
(CIs). In the process of heterogeneity test,
P < 0.10 and 2 = 50% were regarded as the basis
for statistical significance evaluation. If p > 0.10
and 2 < 50%, it could be judged that the hetero-
geneity was relatively low, and the fixed effect
model was used for research. If P =< 0.10 and
2 = 50%, it was judged that the heterogeneity was
high, the random effect model was adopted, and
the analysis content is shown in the forest map.1%13

Evidence quality evaluation

Using GRADEpro (gradeprogdt, http://www.gra
depro.org/) evaluated the evidence quality of the
main results.!* The factors that reduce the quality
of evidence (risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias) were
rated, and the quality of evidence was evaluated
as ‘very low’, ‘low’, ‘moderate’, or ‘high’.

Results

Literature selection

A total of 6442 articles were identified through
the search, of which 1928 were duplicates. After
reading the title and abstract, 31 articles were
considered eligible for further evaluation, of
which 25 were excluded after careful reading of
the full text. Finally, six studies®15-19 (263 partici-
pants) were included. The research screening
process is shown in Figure 1. A list of excluded
studies is provided in the Supplementary
Materials Appendix 2.

Data extraction and risk of bias evaluation

Due to the particularity of the intervention meas-
ures, it is difficult to implement blinding for
patients. All studies®!>19 described specific

random methods. Four studies!'®-!° were blinded
to investigators and outcome statisticians. The
sample sizes of the EG (experimental group) and
the CG (control group) included in the study
were 147 and 116, respectively, of which the
maximum sample size was 55 and the minimum
sample size was 4. The basic features of the
included literatures are shown in Table 1, and the
quality evaluation results of methodology are
shown in Figure 2(a) and (b).

Effects

6MWD. Six studies®!5-19 investigated 6MWD.
Among them, five studies®!>-1® provided 6 MWD
numerical data, which were included in meta-
analysis; after testing the heterogeneity, the ran-
dom effect model was adopted ()2 = 54.90,
p < 0.00001, 2 = 93%).The results showed that
the 6MWD of the EG was longer than that of the
CG, and the difference was statistically significant
[MD = 52.91,95% CI (3.80, 102.03), Z = 2.11,
p = 0.03] (Figure 3, Table 2). One study!® was
not included in the meta-analysis, which reported
the average 6MWD of the two groups, 538 m in
the EG and 486 m in the CG.

SGRQ scores. Two studies!®!® provided numeri-
cal data for SGRQ scores and were included in
meta-analysis (Figure 4, Table 2). Both studies
provided scores of SGRQ domains. No heteroge-
neity was found in the total domain (y2 = 1.44,
p = 0.23; > = 31%), and a fixed effect model
was accepted. The pooled results showed that the
total domain scores of EG were lower than CG,
and the difference was statistically significant
[MD = -7.70, 95% CI (-14.32, -1.08),
Z = 2.28,p = 0.02].

Two studies provided SGRQ symptom domain
scores and found no heterogeneity (x2 = 0.00,
p = 0.96; > = 0%), and a fixed effect model was
adopted. The pooled results showed that the
symptom domain scores of EG were lower than
CG, and the difference was statistically signifi-
cant [MD = -9.21, 95% CI (-16.23, —2.18),
Z =257, p=0.01]. No heterogeneity was
found in the activity domain (2 = 1.74,
p = 0.19; > = 43%), and a fixed effect model
was adopted. The pooled results showed that the
activity domain scores of EG were lower than
CG, and the difference was statistically signifi-
cant [MD = -9.65, 95% CI (—-17.79, —1.51),
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6401 of records identified through
databases:

- Pubmed: 1003

- Embase: 1412

- Cochrane library: 2200

- Web of science: 1786

41 of records identified through
registry platforms:

~ClinicalTrials.gov: 41

0 of additional records
identified through other

sources

1928 of records which are

duplicate removed

4514 of records included initially

4483 of records excluded

A

based on title and/or

abstract

eligibility

31 full-text articles assessed for

9 patients with mild to moderate chronic
obstruction pulmonary disease
4 irrelevant outcomes

6 no classification of airflow restriction

severity
4 could not obtain full texts
1 unavailable data

1 a pilot randomized crossover study

y

5 articles included in quantitative synthesis

1 article included in qualitative synthesis

Figure 1. Study flow diagram for this review.

Z = 2.32, p=0.02]. No heterogeneity was
found in the impact domain (y? = 1.25,
p = 0.26; > = 20%), and a fixed effect model
was adopted. The pooled results showed that the
impact domain scores of EG were lower than
CG, and the difference was statistically signifi-
cant [MD = -7.19, 95% CI (-8.25, —4.81),
Z =2.27,p = 0.02].

Borg scale scores. Two studies®!” provided Borg
scale scores and were included in meta-analysis;

no heterogeneity was found (2 = 0.01,p = 0.91,
PP = 0%), using fixed effect model. The results
showed that the EG scores were lower than CG,
and the difference was statistically significant
[MD = —-0.68,95% CI(—1.28,-0.08),Z = 2.23,
p = 0.03] (Figure 5, Table 2).

Evidence quality evaluation
6MWD, SGRQ and Borg scale score were rated
as ‘very low quality’, ‘moderate quality’, and ‘low
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Figure 2. (a) Risk of bias summary. (b) Risk of bias graph.
+, low risk; -, high risk; ?, uncertain risk.
Table 1. Basic characteristics of the included studies.
Study Country Design/Total Participant status Interventions Course Outcomes Notes
sample
Mkacher North RCT, two Sex: all men EG: standard PR Three times ~ 6MWD, timed up NA
et al1® Africa arms/68 Age [years): program + balance perweek for and go, Tinetti,
EG: 58.3 = 4.3; CG: training 24 weeks Berg balance scale,
61.2 £ 3.2 CG: standard PR unipodal stance
Analyzed: EG: 35; CG: 33 program tests
Gallo et al.’® America  RCT, two Sex: all men EG: conventional Three times  6MWD, SGRQ, heart NA
arms/19 Age (years): medical per week for  rate variability
EG: 66.3 = 6.5; CG: treatment + water- 8 weeks
66.5 = 9.5 based aerobic
Analyzed: EG:10; CG:9 interval training
CG: conventional
medical treatment
Pleguezuelos Spain RCT, two Sex: all men EG: whole body Three 6MWD, Borg scale, NA
etal? arms/51 Age (years): vibration training sessions per  BODE, respiratory
EG: 68.4 = 8.9; CG: CG: no exercise week for 6 muscular function,
71.3 = 8.0 intervention weeks isokinetic knee
Analyzed: EG:26; CG:25 testing, maximum
force moment
Wootton Australia RCT, two Sex(Female/Male): EG: ground-based Two to three  6MWD, SGRQ, Only data of
etal'® arms/143 EG: 39/56; CG:20/28 walking training times per CRQ, incremental severe/very
Age (years): CG: no exercise week for shuttle walk test, severe COPD
EG: 69 £ 8;CG:68 £ 9 8-10 weeks  endurance shuttle  patients were
Analyzed: EG: 55; CG:26 walk test analyzed.
(Continued)]
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Table 1. (Continued)

Study Country Design/Total Participant status Interventions Course Outcomes Notes
sample
Breyeretal? The RCT, two Sex(Female/Male): EG: outdoor Nordic ~ Three times  6MWD, Borg scale,  Only data of
Nordic arms/60 EG:16/14; CG:17/13 walking exercise per week for  HADS, SF-36 severe/very

Age [years): CG: no exercise 3 months severe COPD
EG: 61.9 = 8.87; CG: patients were
59.0 = 8.02 analyzed.
Analyzed: EG:17; CG:16

Nyberg Sweden RCT, two Sex(Female/Male): EG: resistance Three times  6MWD, VO, peak, Only data of

etal? arms/44 EG:10/12; CG:11/11 training + patient per week for  CRQ, HADS, SF-36,  severe/very
Age [years): education 8 weeks CCQ, 6-minring severe COPD
EG: 69 £ 5;CG: 68 £ 6  CG: patient and pegboard test,  patients were
Analyzed: EG:4; CG:7 education unsupported upper  analyzed.

extremity exercise
test, constant
work rate cycle
endurance test,
exercise self-
efficacy scale, self-
efficacy walking

6MWD, 6-Min Walk Distance; BODE, body-mass index, airflow obstruction, dyspnea, and exercise capacity index; CCQ, Clinical Chronic Obstruction
Pulmonary Disease Questionnaire; CG, control group; COPD, chronic obstructive pulmonary disease; CRQ, Chronic Respiratory Disease
Questionnaire; EG, experimental group; HADS, Hospital Anxiety and Depression Scale; NA, not available; PR, pulmonary rehabilitation; RCT,
randomized controlled trial; SF-36, the MOS 36-item short form health survey; SGRQ, St. George’s respiratory questionnaire; VO,, peak, peak
oxygen uptake.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bruna Gallo-Silva 2013 5022 193 35 4983 35 33 25.0% 3.90 [-9.65, 17.45) T
EULOGIO PLEGUEZUELOS 2013 541 66.7 9 4422 937 10 16.4% 98.80(26.19,171.41) I
Marie-Kathrin Breyer 2010 4931 31.7 26 4104 312 25 247% 82.70(65.44, 99.96) -
Sally L. Wootton 2014 474 92 55 458 90 26 21.4% 15.00[27.28,57.28) I
Wajdi Mkacher,PhD 2015 519 160 17 422 130 16 125% 97.00[2.21,196.21] - T
Total (95% CI) 142 110 100.0% 52.91[3.80,102.03] -
Heterogeneity: Tau®= 2464.37; Chi* = 54.90, df= 4 (P < 0.00001); *=93%

200 -100 0 100 200

Test for overall efiect: Z= 211 (P = 0.03) Favours [control] Favours [experimental

Figure 3. Forest plot of 6MWD.

Table 2. Meta-analysis of exercise-based PR for COPD.

Outcomes No. of RCTs No. of participants  Effect estimate (95% Cl) 12 (%) Pvalue
6MWD 5 252 MD 52.91 (3.80, 102.03) 93 0.030
SGRQ scores SGRQ-total 2 100 MD -7.70 (-14.32, -1.08) 31 0.020
SGRQ-symptom 2 100 MD -9.21 (-16.23, -2.18) 0 0.010
SGRQ-activity 2 100 MD -9.65 (-17.79, -1.51) 43 0.020
SGRQ-impact 2 100 MD -7.19 (-8.25, -4.81) 20 0.020
Borg scale scores 2 84 MD -0.68 (-1.28, -0.08) 0 0.030

6MWD, 6-Min Walk Distance; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; MD, mean difference; PR, pulmonary
rehabilitation; RCT, randomized controlled trial; SGRQ, St. George’s Respiratory Questionnaire.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% Cl
1.2.1 SGRQ-Total
Bruna Gallo-Silva 2019 401 15 9 575 227 10 14.9% -17.40[-34.55,-0.25) |
Sally L. Wootton 2014 41 14 55 47 18 26 851% -6.00[13.18,1.18 i‘
Subtotal (95% Cl) 64 36 100.0% -7.70[-14.32,-1.08]
Heterogeneity: Chi*=1.44, df=1 (P=0.23); F=31%
Test for overall effect: Z= 2.28 (P = 0.02)
1.2.2 SGRQ-Symptom
Bruna Gallo-Silva 2019 473 9 9 56.7 1286 10 51.7% -9.40[-19.18,0.38) —
Sally L. Wootton 2014 50 23 55 59 21 26 48.3% -9.00[-18.10,1.10) ——
Subtotal (95% CI) 64 36 100.0% -9.21[-16.23,-2.18] ~
Heterogeneity: Chi*= 0.00, df=1 (P = 0.86); F= 0%
Test for overall effect Z=2.57 (P = 0.01)
1.2.3 SGRQ-Activity
Bruna Gallo-Silva 2019 519 188 8 729 228 10 18.9% -21.00[-39.72,-2.28) ¥+
Sally L. Wootton 2014 59 18 55 66 20 26 81.1%  -7.00[-16.04, 2.04) —'.——
Subtotal (95% ClI) 64 36 100.0% -9.65[-17.79,-1.51] —
Heterogeneity: Chi®=1.74, df=1 (P = 0.19); F= 43%
Test for overall effect Z=2.32 (P=0.02)
1.2.4 SGRQ-Impact
Bruna Gallo-Silva 2019 311 16.8 9 488 259 10 104% -17.70(-37.15,1.75) ¥———————
Sally L. Wootton 2014 27 14 55 33 14 26 89.9% -6.00[12.53, 053 i
Subtotal (95% CI) 64 36 100.0% -7.19[-13.38,-0.99]
Heterogeneity: Chi*=1.25, df=1 (P = 0.26), F= 20%
Test for overall effect. Z=2.27 (P=0.02)

+ + + +
-20 -10 10 20
Favours [experimental] Favours [control]
Figure 4. Forest plot of SGRQ scores.
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed. 95% CI
EULOGIO PLEGUEZUELOS 2013 78 12 26 86 13 25 75.6% -0.70[1.39,-0.01)
Marie-Kathrin Breyer 2010 37 1.6 17 432 192 16 24.4% -0.62[-1.83,0.59] — =
Total (95% Cl) 43 41 100.0% -0.68[-1.28,-0.08] &>
Heterogeneity: Chi*= 0.01, df=1 (P= 0.91); F= 0% D : 3 H

Test for overall effect: Z=2.23 (P =0.03)

Figure 5. Forest plot of Borg scale scores.

quality’, respectively, due to limited sample size,
high heterogeneity, wide confidence interval, lack
of blindness, and unclear concealment of distri-
bution. The summary of grade evidence is shown
in Table 3.

Discussion

As a more effective way of PR intervention, exer-
cise training can improve the adaptability of
patients and optimize the functions of other sys-
tems of the body through whole-body exercise
training. It has attracted the attention of respira-
tory researchers all over the world and has been
widely used in various chronic respiratory diseases
including COPD.20-24 This systematic review and
meta-analysis aimed to summarize the effects of

Favours [experimental] Favours [control]

exercise-based PR on patients with severe/very
severe COPD, so as to produce proofs for clini-
cians and decision-makers. In this study, 6MWD
was used to test exercise capacity, SGRQ and Borg
scale scores were used to assess the quality of life
and dyspnea in COPD patients, respectively. The
reliability, feasibility, and sensitivity of these indi-
cators have been unanimously recognized, and
gradually become the important means to evaluate
the treatment effects of COPD patients.25-26

Exercise capacity is considered as a highly sensi-
tive index to evaluate the effect of PR treatment in
COPD patients, and 6MWD is one of the indica-
tors that can reflect exercise capacity recognized at
home and abroad.?” Borg scale scores can quickly
and simply evaluate the severity of dyspnea in
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patients under exercise.?® It is usually combined
with 6MWD, which can truly reflect the patients’
cardiopulmonary endurance and ventilator energy
level. In our review, 6MWD and Borg scale scores
were used to evaluate the exercise capacity and
dyspnea of patients. After exercise-based PR, the
6 MWD and Borg scale scores of COPD patients
were significantly higher than those of CG, sug-
gesting that exercise-based PR can significantly
improve their exercise capacity and dyspnea. The
MD between the two groups of 6MWD was 52.91
m, exceeding the minimal clinically important dif-
ference (MCID) of 6MWD in COPD patients,
which could indicate the potential of exercise-
based PR in improving the exercise capacity of
patients with severe and very severe COPD.2°

SGRAQ scale is a standardized questionnaire that
can comprehensively and accurately evaluate the
quality of life and clinical symptoms of COPD
patients, predict the risk of death, and has a good
correlation with pulmonary function,3° which is
widely used in clinical practice.31:32 There are 50
items in the SGRQ questionnaire, which are
divided into three dimensions, including respira-
tory symptoms, activity limitation, and disease
impact. The three dimensions are weighted and
averaged to obtain a final score of 100. Our meta-
analysis showed that after exercise-based PR, the
scores of SGRQ total domain, symptom domain,
activity domain, and impact domain in patients
with severe/very severe COPD were significantly
lower than those in the conventional treatment
group. Although there was no MCID available
for each domain, each MD was more than four
units (the MCID of the total SGRQ scores of
COPD patients),33 suggesting that exercise-based
PR can significantly improve the symptoms,
activity, and disease impact of COPD patients,
thereby further improving the quality of life.

Among the six RCTs, three studies took the guided
exercise training three times a week, and the pro-
gram lasted for 8 weeks. No serious adverse reac-
tions were reported in the included studies, and
the implementation was feasible. We performed
sensitivity analysis on the difference between base-
line and end-point changes of each indicator,
which showed that the study results were reliable
(Supplementary Materials Appendix 3). We also
reviewed the relevant systematic review and meta-
analysis of exercise-based PR in COPD in recent
years. The results showed that exercise-based PR
significantly increased 6MWD of stable COPD
patients and improved their health-related quality

of life. Most of the literatures did not distinguish
the severity of the disease, one of the literatures
evaluated patients with very serious chronic
obstructive pulmonary disease.3* Because of the
very severe patients with poor pulmonary function,
severe dyspnea, repeated acute attacks, mostly
combined with anxiety and depression, poor toler-
ance and compliance, and the amount of exercise
should be gradual. Continuous high-intensity
endurance training is beneficial to very severe but
stable COPD patients.?* In terms of emotional
impact, a relevant study shows that exercise train-
ing has a significant effect on improving people’s
negative emotions, such as anxiety and depres-
sion.?> In this review, two studies®!? investigated
hospital anxiety and depression scale (HADS)
scores. The numerical data of one study® showed
that the HADS scores of EG were lower than CG,
and there was a significant difference. One Study!®
reported the average HADS scores of both groups,
in which EG was significantly lower than CG in
anxiety and depression scores.

There were some limitations in our study. First,
due to the different rehabilitation approaches and
benefits of COPD patients with different severity,
different rehabilitation training were required, and
the sample size and literature quality needed to be
further expanded and improved. Nevertheless, this
is the only systematic review and meta-analysis to
evaluate the effects of exercise-based PR on patients
with severe/very severe COPD. Second, due to dif-
ferent interventions, it was difficult to measure the
impact of a single exercise modality. Third, exercise
programs could not be blinded, and the study
might have potential bias. Fourth, some data were
in original form, could not be included in quantita-
tive analysis and be fully utilized.

Conclusions

Exercise-based PR may improve the exercise
capacity, quality of life and dyspnea of patients
with severe/very severe COPD, and can be used
as an adjuvant treatment for COPD manage-
ment. Continuous training exercise mode should
be adopted for patients with very severe but stable
COPD, which can improve their anxiety and
depression to a certain extent. High-quality and
large sample RCTs are required.

Declarations

Ethics approval and consent to participate
Not applicable.

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

THERAPEUTIC ADVANCES in
Respiratory Disease

Volume 17

Consent for publication
Not applicable.

Author contributions
Wenqing He: Data curation; Formal analysis;
Methodology; Writing — original draft.

Jiajia Wang: Data curation; Formal analysis;
Investigation; Methodology.

Zhenzhen Feng: Data curation; Formal analy-
sis; Investigation; Methodology.

Jiansheng Li: Methodology; Resources;
Supervision; Writing — review & editing.

Yang Xie: Formal analysis; Methodology;
Resources; Supervision; Writing — review &
editing.

Acknowledgements

None.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: Supported by
the National Natural Science Foundation of
China (No0.81830116, 82004500), the National
Key Research and Development Program of
China (2018YFC1704806), the Characteristic
and Backbone Discipline Construction Pro-
ject of Henan Province-Traditional Chinese
Medicine (No.STG-ZYXKY-2020006), the
Chief Scientist of Qihuang Project (No.
[2020]219), the Innovation Team and Talents
Cultivation Program of National Administration
of Traditional Chinese Medicine (No:
ZYYCXTD-C-202206), and the Scientific and
Technological Project of Science and Technology
DepartmentofHenan Province (212102311128).

Competing interests

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Availability of data and materials
Not applicable.

ORCID iDs

Wenging He https://orcid.org/0000-0002-
0365-4507

Yang Xie https://orcid.org/0000-0002-6444-
6090

Supplemental material
Supplemental material for this article is available
online.

References
1. Global Initiative for Chronic Obstructive Lung
Disease. Global strategy for the diagnosis,
management and prevention of chronic
obstructive pulmonary disease (updated 2022),
http://www.goldcopd.org/gold-reports/ (2021,
accessed 23 March 2022).

2. GBD 2015 Chronic Respiratory Disease
Collaborators. Global, regional, and national
deaths, prevalence, disability-adjusted life
years, and years lived with disability for chronic
obstructive pulmonary disease and asthma,
1990-2015: a systematic analysis for the Global
Burden of Disease Study 2015. Lancetr Respir Med
2017;5: 691-706.

3. World Health Organization. The Global
Health Observatory, global health estimates:
life expectancy and leading causes of death and
disability, https://www.who.int/data/gho/data/
themes/mortality-and-global-health-estimates
(1948, accessed 23 March 2022).

4. GBD 2019 Diseases and Injuries Collaborators.
Global burden of 369 diseases and injuries in 204
countries and territories, 1990—2019: a systematic
analysis for the Global Burden of Disease Study
2019. Lancet 2020; 396: 1204-1222.

5. McCarthy B, Casey D, Devane D, er al.
Pulmonary rehabilitation for chronic obstructive
pulmonary disease. Cochrane Database Syst Rev
2015; 2: CD003793.

6. Spruit MA, Singh SJ, Garvey C, et al. An official
American Thoracic Society/European Respiratory
Society statement: key concepts and advances in
pulmonary rehabilitation. Am ¥ Respir Crit Care
Med 2013; 188: e13—e64.

7. Porszasz J, Emtner M, Goto S, ez al. Exercise
training decreases ventilatory requirements and
exercise-induced hyperinflation at submaximal
intensities in patients with COPD. Chest 2005;
128: 2025-2034.

8. Emtner M and Wadell K. Effects of exercise
training in patients with chronic obstructive
pulmonary disease—a narrative review for FYSS
(Swedish physical activity exercise prescription
book). Br ¥ Sports Med 20165 50: 368-371.

9. Breyer MK, Breyer-Kohansal R, Funk GC, ez al.
Nordic walking improves daily physical activities
in COPD: a randomised controlled trial. Respir
Res 20105 11: 112.

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar
https://orcid.org/0000-0002-0365-4507
https://orcid.org/0000-0002-0365-4507
https://orcid.org/0000-0002-6444-6090
https://orcid.org/0000-0002-6444-6090
http://www.goldcopd.org/gold-reports/
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates

W He, J Wang et al.

10. Clark CJ, Cochrane LM, Mackay E, ez al.
Skeletal muscle strength and endurance in
patients with mild COPD and the effects of
weight training. Eur Respir ¥ 20005 15: 92-97.

11. Moher D, Liberati A, Tetzlaff ], er al. Preferred
reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med
2009; 6: €1000097.

12. Higgins JPT, Thomas J, Chandler J, ez al.
Cochrane handbook for systematic reviews of
interventions (version 6), https:/training.cochrane.
org/handbook (2019, accessed 20 April 2022).

13. Higgins JP, Thompson SG, Deeks JJ, ez al.
Measuring inconsistency in meta-analyses. BM¥
2003; 327: 557-560.

14. Guyatt GH, Oxman AD, Vist GE, et al. GRADE:
an emerging consensus on rating quality of
evidence and strength of recommendations. BMY¥
2008; 336: 924-926.

15. Mkacher W, Mekki M, Tabka Z, et al. Effect of
6 months of balance training during pulmonary
rehabilitation in patients with COPD. ¥
Cardiopulm Rehabil Prev 2015; 35: 207-213.

16. Gallo-Silva B, Cerezer-Silva V, Ferreira DG,
et al. Effects of water-based aerobic interval
training in patients with COPD: a randomized
controlled trial. ¥ Cardiopulm Rehabil Prev 2019;
39:105-111.

17. Pleguezuelos E, Pérez ME, Guirao L, er al. Effects
of whole body vibration training in patients with
severe chronic obstructive pulmonary disease.
Respirology 20135 18: 1028-1034.

18. Wootton SL, Ng LW, McKeough Z], et al.
Ground-based walking training improves quality
of life and exercise capacity in COPD. Eur Respir
F2014; 44: 885-894.

19. Nyberg A, Lindstrém B, Rickenlund A, ez al.
Low-load/high-repetition elastic band resistance
training in patients with COPD: a randomized,
controlled, multicenter trial. Clin Respir § 2015;
9: 278-288.

20. Newall C, Stockley RA and Hill SL.. Exercise
training and inspiratory muscle training in
patients with bronchiectasis. Thorax 2005; 60:
943-948.

21. Dassios T, Katelari A, Doudounakis S, ez al.
Aerobic exercise and respiratory muscle strength
in patients with cystic fibrosis. Respir Med 2013;
107: 684-690.

22. Holland AE, Hill CJ, Conron M, et al. Short term
improvement in exercise capacity and symptoms
following exercise training in interstitial lung
disease. Thorax 2008; 63: 549-554.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Nishiyama O, Kondoh Y, Kimura T, ez al. Effects
of pulmonary rehabilitation in patients with
idiopathic pulmonary fibrosis. Respirology 2008;
13: 394-399.

Feng ZZ, Wang JJ, Xie Y, ez al. Effects of
exercise-based pulmonary rehabilitation on adults
with asthma: a systematic review and meta-
analysis. Respir Res 2021; 22: 33,

Clini EM, Crisafulli E, Costi S, er al. Effects
of early inpatient rehabilitation after acute
exacerbation of COPD. Respir Med 2009; 103:
1526-1531.

Katsura H, Yamada K, Wakabayashi R, ez al. The
impact of dyspnoea and leg fatigue during exercise
on health-related quality of life in patients with
COPD. Respirology 2005; 10: 485-490.

Agarwala P and Salzman SH. Six-minute
walk test: clinical role, technique, coding, and
reimbursement. Chest 2020; 157: 603-611.

Borg GA. Psychophysical bases of perceived
exertion. Med Sci Sports Exerc 19825 14: 377-381.

Holland AE, Hill CJ, Rasekaba T, er al. Updating
the minimal important difference for six-minute
walk distance in patients with chronic obstructive
pulmonary disease. Arch Phys Med Rehabil 2010;
91: 221-225.

Jones PW, Quirk FH, Baveystock CM, et al. A
self-complete measure of health status for chronic
airflow limitation. Am Rev Respir Dis 1992; 145:
1321-1327.

Folch Ayora A, Macia-Soler L, Orts-Cortés MI,
et al. Comparative analysis of the psychometric
parameters of two quality-of-life questionnaires,
the SGRQ and CAT, in the assessment of
patients with COPD exacerbations during
hospitalization: a multicenter study. Chron Respir
Dis 2018; 15: 374-383.

Sciriha A, Lungaro-Mifsud S, Scerri ], ez al.
Health status of COPD patients undergoing
pulmonary rehabilitation: a comparative
responsiveness of the CAT and SGRQ. Chron
Respir Dis 2017; 14: 352-359.

Jones PW. St. George’s respiratory questionnaire:
MCID. COPD 2005; 2: 75-79.

Paneroni M, Simonelli C, Vitacca M, et al.
Aerobic exercise training in very severe chronic
obstructive pulmonary disease: a systematic
review and meta-analysis. Am F Phys Med Rehabil
20175 96: 541-548.

Li Z, Liu S, Wang L, er al. Mind-body exercise
for anxiety and depression in COPD patients: a
systematic review and meta-analysis. Inr ¥ Environ
Res Public Health 2019; 17: 22.

Visit SAGE journals online
journals.sagepub.com/
home/tar

®SAGE journals

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar
https://training.cochrane.org/handbook
https://training.cochrane.org/handbook
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar

