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Abstract

Objectives: This meta-analysis assessed the effects of aerobic exercise on the function, prognosis,
quality of life, and psychological outcome of patients with chronic obstructive pulmonary disease
(COPD).

Methods: The Cochrane Library, Scopus, PubMed, and Web of Science were searched from the
inception to June 20, 2025, to identify eligible studies. A random-effects model was employed for
meta-analysis.

Results: Twenty randomized controlled trials with 1003 participants were included. The risk of
bias was high in most studies, particularly because blinding was not feasible. For most outcomes,
we observed high heterogeneity among studies. The meta-analysis indicated that compared to the
control group, patients with COPD undergoing exercise training had a significantly increased
6MWT (WMD 42.44 m), FEV1 (WMD 0.08 L), FEVI/FVC (WMD 5.42%), and SpO2 (WMD
1.56%), which suggests that aerobic exercise can improve the functional capacity and respiratory
reserve of patients with COPD.

On the other hand, the results revealed that compared to the control group, aerobic exercise
markedly decreased the SGRQ symptom score (SMD -1.13), SGRQ total score (SMD -1.44),
mMRC score for dyspnea (SMD -0.81), and HADS-anxiety score (SMD -1.17), but its effect on
the HADS-depression score (SMD -0.25) did not meet the threshold of statistical significance.
Subgroup analysis unveiled that aerobic exercise can offer greater benefits in the long term, and
those with FEV1 and FEV1/FVC of more than 50% can benefit more from aerobic exercise.
Conclusion: Aerobic exercise may improve the functional capacity, symptoms, respiratory reserve,
quality of life, and psychological outcomes of patients with COPD.

Keywords: COPD; Aerobic exercise; Quality of life; FEV1; Meta-analysis; Symptom
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1. Introduction

COPD is a common cause of respiratory morbidity and mortality worldwide, which affects
nearly 12.64% of adults aged more than 40 years, with a higher prevalence among men (1).
COPD imposes a great burden on patients, families, and society and has been linked to higher
clinical disease burden, lower socioeconomic status, and decreased health-related quality of life
(2). COPD is strongly associated with muscle wasting and frailty, which can limit exercise
tolerance and functional capacity and increase the risk of fatigue, anxiety, and depressive
symptoms among patients with COPD (3, 4). It has been reported that psychological
comorbidities, like anxiety and depression, can significantly increase the clinical and economic
burdens of COPD, highlighting the importance of the psychological aspect of care in COPD (5).
Due to the importance of frailty and physical rehabilitation in patients with COPD, an increasing
number of studies have investigated the effects of different modalities of exercise on different
aspects of COPD management (6-8). In particular, aerobic exercise, defined as physical activities
increasing the heart rate and the body's use of oxygen, was found to enhance the muscle mass
and strength of patients with COPD, thereby contributing to pulmonary rehabilitation (9). Due to
the beneficial effects of acrobic exercise on physical rehabilitation and strength of patients with
COPD, this meta-analysis pooled data from randomized controlled trials to assess the effects of
aerobic exercise on functional recovery, prognosis, quality of life, and psychological outcome of
patients with COPD, thereby providing a comprehensive overview of the effect of aerobic
exercise on COPD. Although several meta-analyses assessed the effects of aerobic exercise on

COPD (10-12), this meta-analysis analyzed different outcomes, compared the effect of aerobic
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exercise with a control group, unlike previous meta-analyses, and included a markedly higher
number of clinical trials. For instance, Ward et al. measured the effects of aerobic exercise only
on peak oxygen uptake and reported that aerobic exercise can moderately improve peak oxygen
uptake; however, they combined the results of randomized and non-randomized studies (10). By
conducting a meta-analysis, Chen et al. reported that aerobic exercise can significantly improve
dyspnea level and functional and endurance exercise capacity, but not lung function, in COPD
(11). The results of previous meta-analyses remain inconsistent for some physical outcomes, and
their data came from a smaller number of studies. Also, previous meta-analyses have rarely
addressed the effects of aerobic exercise on psychological outcomes in COPD. In addition to
addressing such points, this meta-analysis conducted several subgroup analyses to investigate in
which subgroup of patients with COPD aerobic exercise can offer more benefits.

2. Method

2.1. Search strategy

PubMed, The Cochrane Library, Scopus, and Web of Science were systematically searched from
the inception to June, 20, 2025, based on the following search keywords (Supplementary
Material 1): ("chronic obstructive pulmonary disease" OR “COPD”) [title, abstract, keywords]
AND ("aerobic" OR " aerobic exercise" OR "aerobic training") [title, abstract, keywords] AND
(“clinical trial” OR "randomized controlled trial" OR "RCT").

Furthermore, we searched the reference list of the included original studies and recent reviews to
find additional eligible studies. After transferring the retrieved studies to EndNote 7.0, duplicate
articles were removed. This study strictly followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline (13), and the protocol of this meta-analysis was

prospectively registered in PROSPERO (CRD420251090253). We included articles measuring the
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effects of aerobic exercise, defined as physical activities increasing the heart rate and the body's
use of oxygen, on different aspects of care in COPD. The type or intensity of exercise was not
limited in this meta-analysis.

2.2. Inclusion and exclusion criteria

We adopted the following inclusion criteria: (I) study design was clinical trial; (IT) all participants
had COPD; (IIT) comparing the effects of aerobic exercise with a control group not receiving
aerobic exercise or other forms of exercises; (IV) reporting data on at least one of the outcomes of
interest, including 6-minute walk test (6MWT), forced expiratory volume in 1 second (FEV1),
FEV1/forced vital capacity (FVC), peripheral capillary oxygen saturation (SpO.), St. George's
Respiratory Questionnaire (SGRQ) score, modified Medical Research Council dyspnea scale
(mMRC) score, and Hospital Anxiety and Depression Scale (HADS) score.

Studies meeting the following criteria were excluded: (I) case reports, case series, observational
studies, or review articles; (II) lack of a control group; (III) reporting none of the outcomes of
interest; and (IV) non-English studies.

2.3. Data extraction and outcome measures

Two authors independently performed the literature search and evaluated the eligibility of the
identified studies. All discrepancies were resolved through consultation. Based on the titles and
abstracts, the two authors assessed the relevance of the articles and measured their compliance
with the aforementioned inclusion and exclusion criteria. Thereafter, the full-text version of the
remaining articles was assessed to determine whether they are eligible for inclusion in this meta-
analysis.

Data extracted from each article were as follows: study characteristics (the first author’s name,

country of study, publication year, length of exercise, and type of exercise), population (participant
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number in each group, participants’ age, gender, and baseline body mass index (BMI), baseline
FEV1, baseline FEV1/FVC), and the outcomes of interest.

2.4. Risk of bias assessment

Two authors independently assessed the risk of bias for all included studies, and all differences
were resolved via consultation. The revised Cochrane risk-of-bias tool for randomized trials (RoB2)
was adopted to evaluate the risk of bias according to the randomization process, outcome
measurement, missing outcome data, deviations from intended interventions, and selection of the
reported results, thereby offering an overall risk of bias. Each domain received one of the following
ranks: low risk of bias, some concerns, and high risk of bias (14).

2.5. Statistical analysis

Changes in mean and standard deviation (SD) were extracted for all outcomes of interest to
calculate weighted mean difference (WMD) for non-scale outcomes and standardized mean
difference (SMD) for scale outcomes and 95% CI. A random-effects model (DerSimonian-Laird)
was employed to pool data due to high methodological heterogeneity. We performed this meta-
analysis using Stata version 17.0 (StataCorp, TX, USA). The chi-square test and I? statistic were
utilized to evaluate heterogeneity between trials, and 1> of more than 50% was deemed high
heterogeneity.

2.6. Subgroup analysis

Subgroup analysis was performed for SGRQ score, which measures health impairment in patients
with asthma and COPD, and 6MWT based on sample size (less than 50 vs. more than 50), length
of exercise (less than 8 weeks vs. more than 8 weeks), baseline FEV1 (less than 50% vs. more than
50%), baseline FEV1/FVC (less than 50% vs. more than 50%), participants’ age (less than years

65 vs. more than 65 years), BMI (less than 25 kg/m? vs. more than 25 kg/m?), and country of study
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(China vs. other countries). Regarding the threshold for grouping in subgroup analysis, we chose
clinically relevant values based on the methodology of the included articles.

2.6. Sensitivity analysis

Employing the leave-one-out test, sensitivity analysis was conducted for SGRQ and 6MWT, the
only outcomes reported by more than 10 studies (15, 16). Sensitivity analysis was not conducted
for other outcomes because the leave-one-out test has been specifically recommended for meta-
analysis of more than 10 studies.

3. Results

3.1. The results of the systematic search

Initially, we found 52 records in PubMed, 221 articles in the Cochrane Library, 289 records in
Scopus, and 137 records in Web of Science. After removing duplicates, 466 records were excluded
through abstract and title screening, and 56 articles were excluded during full-text review. Finally,
20 randomized controlled trials with 1003 participants were included in this systematic review
(Figure 1 and Table 1). Among the countries, China published the highest number of articles,
followed by Australia and Brazil. Patients mostly aged 60-70 years, and their BMI was mostly 22-
27 kg/m?. The length of exercise training ranged from 4 weeks to 1 year across studies, and most
studies reported a baseline FEV1/FVC of around 50% (Table 1).

3.2. Risk of bias assessment

Using the RoB2 tool, the risk of bias for most of the included studies was determined to be high.
Particularly, due to the nature of interventions and study design, blinding of participants and
researchers was not feasible in most studies, which could potentially increase the risk of bias
(Supplementary material 2).

3.3. Meta-analysis
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Due to high statistical and methodological heterogeneity, a random-eftfects model was employed
to pool data. The result showed that compared to the control group, patients with COPD
undergoing exercise training had a significantly increased 6MWT (WMD 42.44 m, 95% CI (29.49,
55.40), I’= 71.49%) (Figure 2), FEV1 (WMD 0.08 L, 95% CI (0.03, 0.12), I’= 12.17%) (Figure
3), FEVI/FVC (WMD 5.42%, 95% CI (0.83, 10.00), I’= 66.25%) (Figure 4), and SpO2 (WMD
1.56%, 95% CI (0.68, 2.45), I>= 56.93%) (Figure 5), which suggests that aerobic exercise can
improve the functional capacity and respiratory reserve of patients with COPD.

On the other hand, the results revealed that compared to the control group, aerobic exercise
markedly decreased the SGRQ symptom score (SMD -1.13, 95% CI (-1.71, -0.55), I>= 88.83%)
(Figure 6) and SGRQ total score (SMD -1.44, 95% CI (-2.09, -0.78), I’= 92.37%)
(Supplementary material 3), suggesting an improvement in health condition. Similarly,
compared to the control group, aerobic exercise markedly decreased mMRC score for dyspnea
(SMD -0.81,95% CI (-1.13,-0.48), I’=27.68%) (Supplementary material 3), and HADS-anxiety
score (SMD -1.17, 95% CI (-2.25, -0.09), I’= 88.16%) (Supplementary material 3), but its effect
on the HADS-depression score (SMD -0.25, 95% CI (-1.16, 0.66), I>= 85.37%) (Supplementary
material 3) did not meet the threshold of statistical significance. These findings suggest that
aerobic exercise markedly improved the quality of life, dyspnea, symptom severity, and anxiety of
patients with COPD.

3.4. Subgroup analysis

Subgroup analysis regarding 6MWT indicated that the results were significant in all subgroups
and there was no significant difference between the two subgroups of sample size (less than 50 vs.
more than 50), length of exercise (less than 8 weeks vs. more than 8 weeks), participants’ age (less

than years 65 vs. more than 65 years) and BMI (less than 25 kg/m? vs. more than 25 kg/m?), and
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country of study (China vs. other countries), but aerobic exercise led to a greater improvement in
6MWT results when FEV1 and FEV1/FVC were more than 50% (Supplementary material 4).
Subgroup analysis for the SGRQ score unveiled that the results were significant in all subgroups
of sample size (less than 50 vs. more than 50), length of exercise (less than 8 weeks vs. more than
8 weeks), participants’ age (less than years 65 vs. more than 65 years) and BMI (less than 25 kg/m?
vs. more than 25 kg/m?), and country of study (China vs. other countries), but the results of aerobic
exercise on the SGRQ test result was significant only when FEV1 and FEV1/FVC were more than
50%. Furthermore, subgroup analysis indicated that aerobic exercise for more than 8 weeks had a
significantly greater impact on the SGRQ score compared to aerobic exercise for less than 8 weeks
(Supplementary material 4).

Collectively, subgroup analysis indicated that acrobic exercise can offer greater benefits in the long
term, and those with FEV1 and FEV1/FVC more than 50% can benefit more from aerobic exercise.
3.5. Sensitivity analysis

The leave-one-out test was conducted for G MWT and the SGRQ score, two outcomes reported by
more than 10 studies. The results indicated that removing individual studies did not change the
overall results, suggesting the robustness of our results (Supplementary material 5).

4. Discussion

This meta-analysis with 20 clinical trials indicated that compared to the control group, aerobic
exercise increased 6MWT, FEV1, FEV1/FVC, and SpO; and decreased SGRQ symptom score,
SGRQ total score, mMRC score, and HADS-anxiety score. In addition, subgroup analysis revealed
that aerobic exercise can offer greater benefits after 8 weeks, and those with FEV1 and FEV1/FVC

more than 50% can benefit more from aerobic exercise.
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Similar to our study, Chen et al. conducted a meta-analysis and reported that compared to the
control group, aerobic exercise improved the dyspnea and functional capacity of patients with
COPD; however, they showed that aerobic exercise did not significantly change lung function (11).
Consistent with our findings, Benzo-Iglesias et al. pooled data from 4 studies and found that water-
based aerobic exercise can significantly improve the functional capacity of patients with COPD as
measured by 6MWT (12). Qiao et al. included 15 studies in their network meta-analysis and
reported that high-intensity lower limb aerobic exercise is superior to medium-intensity and low-
intensity lower limb aerobic exercise in strengthening functional capacity and promoting health-
related quality of life (17). In patients with asthma who suffer from obstructive airway disease
similar to those with COPD, aerobic exercise was shown to increase FEV1 and enhance the quality
of life of patients (18).

Physical training, particularly aerobic exercise, was found to improve oxidative phosphorylation,
mitochondrial biogenesis, and muscle strength and enhance physiological adaptation in people
with COPD, characterized by a significant increase in peak oxygen uptake (7, 10, 19). Importantly,
we found that aerobic exercise is more effective when FEV1 and FEV1/FVC are more than 50%,
offering a greater capacity for adaptation.

Patients with COPD, particularly those suffering from frequent exacerbations and several
comorbidities, have worse health-related quality of life (20). In addition, physical activity and
better functional capacity in 6MWT are believed to improve health-related quality of life among
patients with COPD (20). In addition, it was found that the SGRQ total score and component scores
significantly increase with the worsening of COPD grade and aging (21). Using the SGRQ and
mMRC scores, we found that aerobic exercise can significantly improve the symptom score and

health-related quality of life among patients with COPD.
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Nearly half of patients with COPD suffer from anxiety and depression, which highlights the
importance of psychological care for these patients (22). Furthermore, previous studies have
indicated that anxiety and depression increase the risk of acute exacerbation, rehospitalization, and
mortality among patients with COPD (23). The meta-analysis conducted by Selzler et al. showed
a weak but negative correlation between physical activity and anxiety or depression in patients
with COPD (24). Our meta-analysis showed that physical activity significantly improved anxiety
scores among patients with COPD, but its effect on depression did not reach the threshold of
statistical significance.

The findings of this meta-analysis collectively suggest that aerobic exercise not only improves the
prognosis and functional capacity of patients with COPD but also enhances their psychological
outcome and quality of life, offering benefits for all aspects of care.

5. Limitations

There are some limitations to this meta-analysis. First, the clinical trials included in this meta-
analysis had a small sample size. Second, due to the nature of the included trials, blinding of
participants and researchers was not feasible in all studies, which may have increased the risk of
bias, necessitating more caution when interpreting the results. Third, methodological differences,
such as differences in the length of intervention and baseline characteristics of participants, were
observed across studies; however, degrees of such differences are inevitable in a meta-analysis.
Fourth, some of the included studies incompletely reported the baseline characteristics of
participants. Future large-scale clinical trials with more detailed data are needed to validate the
findings of this meta-analysis.

6. Strengths
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This meta-analysis also had several strengths. First, it included a markedly higher number of
studies compared to previous meta-analyses in this regard. Second, it included more outcomes and
covered both the physical and psychological aspects of care, thereby providing a holistic view.
Third, several subgroup and sensitivity analyses were conducted to assess the factors associated
with the protective effects of aerobic exercise on COPD, and determine the robustness of our
findings.

7. Conclusion and clinical implications

This meta-analysis with 20 clinical trials and 1003 participants showed that compared to the
control group, aerobic exercise significantly increased 6BMWT, FEV1, FEV1/FVC, and SpO; and
decreased SGRQ symptom score, SGRQ total score, mMRC score, and HADS-anxiety score. In
addition, subgroup analysis revealed that acrobic exercise may offer greater benefits after 8 weeks,
and those with FEV1 and FEV1/FVC more than 50% may benefit more from aerobic exercise.
These findings suggest that aerobic exercise may markedly benefit the prognosis, functional
capacity, respiratory reserve, symptoms, quality of life, and anxiety of patients with COPD. Given
the various benefits of aerobic exercise for patients with COPD and its greater impact in those with

milder disease, future guidelines should recommend routine aerobic exercise from the early stages

of COPD.
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Table 1. Study characteristics.

First author | Publication Age Country Male BMI Baseline Baseline Length of | Type of | Number of | Number of | Reference
name year (year, of study gender (kg/m?) FEVI1 (%) | FEVI/FVC (%) exercise exercise participants | participants
mean) percentage in the | in the control
aerobic group
exercise
group
Zhu et al. 2025 65 China 67% 23.8 71.22% Not reported 12 weeks Mawangdui | 27 27 (25)
exercise
Shen et al. 2024 62.4 China 58% 25.1 44.80% 50% 20 weeks Moderate- 40 39 (26)
intensity
aerobic
exercise
Phantayuth 2024 70 Thailand | 100% 233 Not 54.2% 12 weeks Tai Chi 12 12 27)
otal. reported
Luo et al. 2023 67.7 China 69.5% 22.1 Not 50.7% 52 weeks Tai Chi 108 108 (28)
reported
Liu etal. 2023 63.8 China 66% 23.4 54.62% Not reported 12 weeks Tai Chi 30 30 (29)
Ismail etal. | 2022 59.9 Egypt Not 26.3 63.55% 62.5% 8 weeks Home- 20 20 (30)
reported based
physical
activity
Pancera et | 2021 69.3 Ttaly 63% 23.8 38.80% 38% 4 weeks Continuous 14 13 31
al. chest wall
vibration
with
concurrent
aerobic
training
Moy et al. 2021 70 United 60% Not 46.9% Not reported 1 year Tai Chi 36 37 (32)
States reported
Liu et al. 2021 65.5 China 63% 23.4 58.9% 60.8% 12 weeks Water- 14 16 (33)
based
Liuzijue
exercise
Mirza et al. 2020 64 Malaysi 97% 21 33.5% 45% Not Twice daily | 16 16 (34)
a reported walking
Abedi 2019 52 Iran 52% 26.5 Not Not reported 8 weeks Treadmill 14 15 (35)
Yekta et al. reported and a foot
ergometer
two days a
week
Gallo-Silva 2019 66.4 Brazil 100% 245 47.8% 62% 8 weeks Water- 10 9 ®)
etal. based
physical
training
Lietal. 2019 66 China 78% 23 57% 58.5% 6 months Liuzijue 17 19 (36)
exercise
Wu et al. 2018 65.5 China 80% 235 57% 61% 3 months Water- 16 14 37
based
Liuzijue
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exercise
Wootton et | 2017 68.5 Australi 61.5% 26 42.5% 43.5% 8-10 Supervised, | 62 39 (38)
al. a weeks ground-

based

walking

training
Daabis etal. | 2016 60.5 Egypt Not 255 53.9% Not reported 8 weeks Endurance 15 15 39)

reported training

DeSouto 2012 66 Brazil 63% 26 44% 64% 8 weeks Low- 8 11 (40)
Araujoa et intensity

water
al exercises
Leungetal. | 2012 74 Australi 45% 27.5 Not 48.5% 12 weeks Tai Chi 19 19 (41)

a reported

Marrara et | 2012 69.4 Brazil Not 23.1 47% 50.5% 6 weeks Aerobic 21 15 (42)
al. reported physical

training

program on

treadmill
McNamara 2012 72 Australi 50% 33 57.5% 56% 8 weeks Water- 15 15 (43)
otal. a based

exercise
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Figure legends

Figure 1. Systematic search flowchart.

Articles found in PubMed, Web of
Science, Scopus, and Cochrane
Library n=699

. (Duplicate records

'L n=157

Articles remained after checking for
duplication n=542

| (" Articles excluded after
screening for relevance
1 " | and study design
\_ n=466

[ Articles remained after screening ]

titles and abstracts n=76 Gmcm excluded after studying their fun-te;}

version to assess compliance with the
. | inclusion criteria  n=56

» Articles without a control group 1n=18
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Figure 2. The effect of aerobic exercise on 6MWT among patients with COPD.

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Zhu et al. 2025 27 613 375 27 1 294 - 60.30[ 42.33, 78.27] 10.35
Shen et al. 2024 40 478 67 39 64 72 —Im— 54.20[ 23.54, 84.86] 7.50
Phantayuth et al. 2024 12 40 49 12 20 48 —M— 20.00[-18.81, 58.81] 5.98
Liu et al. 2023 30 3862 1825 30 1 1155 [ | 39.62[ 31.89, 47.35] 12.36
Ismail et al. 2022 20 61.05 42 20 .06 28 | 61.11] 38.99, 83.23] 9.39
Pancera et al. 2021 14 4257 439 13 1958 4596 M 22.99[-10.91, 56.89] 6.86
Moy et al. 2021 3 68 533 37 51 412 - 11.80[ -9.92, 3372] 946
Liu et al. 2021 14 905 85 16 -559 68 —— 96.09[ 41.32, 150.86] 3.90
Mirza et al. 2020 6 33 15 16 20 13 B 13.00[ 3.27, 22.73] 12.05
Gallo-Silva et al. 2018 10 75 82 9 2 110 —ra— 73.00 [ -13.63, 159.63] 1.91
Li etal. 2019 17 4821 745 19 13 81 —— 4691[ -4.13, 97.95] 4.30
Wootton et al. 2017 62 10 95 39 -15 93 —M— 2500[-12.75, 62.75] 6.16
Daabis et al. 2016 15 123 118 15 9 107 +——®&———  114.00[ 33.39, 19461] 2.15
DeSouto Araujoa etal. 2012 8 56.3 140 11 -326 143 = 88.90[ -40.21, 218.01] 0.93
Marrara et al. 2012 21 648 793 15 92 1338 ——— (@ —— 55.60 [ -14.12, 125.32] 2.72
McNamara et al. 2012 15 48 70 15 -16 81 e 64.00[ 9.82, 118.18] 3.96
Overall ’ <> 4244 2949, 55.40]
Heterogeneity: T° = 337.80, I° = 71.49%, H" = 3.51
Test of 6; = 6;: Q(15) = 52.61, p = 0.00 ’
Testof 8 =0:z=6.42, p=0.00

0 100 200

Random-effects DerSimonian—Laird model
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Figure 3. The effect of aerobic exercise on FEV1 among patients with COPD.

Treatment Control WMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Zhu et al. 2025 27 .09 25 27 0 .15 —L 0.09[-0.02, 0.20] 15.27
Shen et al. 2024 40 0o 4 39 0 4 —a— 0.00[-0.18, 0.18] 6.38
Luo et al. 2023 108 -03 .44 108 -01 .44 —— -0.02[-0.14, 0.10] 13.60
Liu et al. 2023 30 -1 09 30 -2 .09 . = 0.10[ 0.05, 0.15] 57.46
Ismail et al. 2022 20 .08 28 20 -04 .25 1T 0.12[-0.04, 0.28] 7.28
Overall < 0.08 [ 0.03, 0.12]
Heterogeneity: T = 0.00, I = 12.17%, H* = 1.14
Test of 8, = 6;: Q(4) =4.55, p=0.34
Testof6=0:.z=3.32, p=0.00

Random-effects DerSimonian—Laird model
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Figure 4. The effect of aerobic exercise on FEV1/FVC among patients with COPD.

Treatment Contral WMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Shen et al. 2024 40 -1 10 39 0 10 —— -0.10[-4.51, 4.31] 30.55
Lietal. 2019 17 756 185 19 -2.71 155 L 10.27 [ -0.84, 21.38] 12.18
Wu et al. 2018 16 5 12 14 -3 10 — 8.00[ 0.03, 15.97] 18.63
DeSouto Araujoa et al. 2012 8 - in -3 2 i 7.00[ 476, 9.24] 38.64
Overall 5.42[ 0.83, 10.00]
Heterogeneity: 1° = 12.88, I° = 86.25%, H” = 2.96
Test of B, = 0;: Q(3) = 8.89, p = 0.03
Testof 8=0:z=2.31,p=0.02

-10 0 10 20
Random-effects DerSimonian—Laird model
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Figure 5. The effect of aerobic exercise on SpO, among patients with COPD.

Treatment Control WMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Zhu et al. 2025 27 108 121 27 -04 .66 = i 1.12[ 0.60, 1.64] 53.15
Shen et al. 2024 40 4 14 39 18 23 1l 220[ 1.36, 3.04] 41.18
Marrara et al. 2012 21 7 64 15 -4 34 = 1.10[ -2.46, 466] 567
Overall - 1.56[ 0.68, 2.45]

Heterogeneity: T = 0.32, I” = 56.93%, H’ = 2.32
Test of 6, = 0;: Q(2) = 4.64, p = 0.10
Testof ©6=0:z=3.45p=0.00

Random-effects DerSimonian—Laird model
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Figure 6. The effect of aerobic exercise on the SGRQ symptom score among patients with COPD.

Treatment Control SMD Weight
Study N Mean SD N Mean 8D with 95% CI (%)
Zhu et al. 2025 27 -11.78 58 27 241 6.3 —— -2.34[-3.04, -1.65] 10.16
Phantayuth et al. 2024 12 -16 7 12 -5 8 —— -1.46[-2.36, -0.56] 9.23
Luo et al. 2023 108 -17.8 22.3 108 -10.8 24 M -030[-057,-0.03] 11.58
Liu et al. 2023 30 -11.66 3.33 30 -48 47 —— -2.74[-3.45, -2.04] 10.10
Pancera et al. 2021 14 -12.38 188 13 -6.93 27.62 —l—-0.23[-0.99, 053] 9.88
Liu et al. 2021 14 -205 22 16 4.07 23 -1.09[-1.886, -0.32] 9.83
Gallo-Silva et al. 2019 10 -87 14 9 67 14 -1.10[-2.07, -0.13] 8.93
Lietal. 2019 17 -26.18 185 19 3.84 25 -1.35[-2.08, -0.63] 10.02
Wootton et al. 2017 62 5 26 39 -3 24 - -0.08[-0.48, 0.32] 11.24
DeSouto Araujoa et al. 2012 8 2 3 M - 2 —l— -0.81[-1.76, 0.13] 9.02
Overall -~ -1.13[-1.71, -0.55]
Heterogeneity: 7° = 0.74, I = 88.83%, H’ = 8.95
Test of 6, = 8;: Q(9) = 80.58, p = 0.00
Testof 6=0:z=-3.82,p=0.00

Random-effects DerSimaonian—Laird model
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Online Supplement

Supplement 1

Search strategy:

For PubMed

("chronic obstructive pulmonary disease" OR “COPD?”) [title, abstract, keywords] AND
("aerobic" OR " aerobic exercise" OR "aerobic training") [title, abstract, keywords] AND

(“clinical trial” OR "randomized controlled trial" OR "RCT") [title, abstract, keywords]

For Scopus

("chronic obstructive pulmonary disease" OR “COPD”) [title, abstract, keywords] AND
("aerobic" OR " aerobic exercise" OR "aerobic training") [title, abstract, keywords] AND

(“clinical trial” OR "randomized controlled trial" OR "RCT") [title, abstract, keywords]

For Web of Science

("chronic obstructive pulmonary disease" OR “COPD”) [title, abstract, keywords] AND
("aerobic" OR " aerobic exercise" OR "aerobic training") [title, abstract, keywords] AND

(“clinical trial” OR "randomized controlled trial" OR "RCT") [title, abstract, keywords]

For the Cochrane Library

("chronic obstructive pulmonary disease" OR “COPD”) [title, abstract, keywords] AND
("aerobic" OR " aerobic exercise" OR "aerobic training") [title, abstract, keywords] AND

(“clinical trial” OR "randomized controlled trial" OR "RCT") [title, abstract, keywords]
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Supplement 2

Risk of bias assessment based on the RoB2 tool.
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Risk of bias domains
D3 D4 D5 Overall

-
v,
no

Zhu et al. 2025

Shen et al. 2024

Phantayuth et al. 2024

Luo et al. 2023

Liu et al. 2023

Ismail et al. 2022

Pancera et al. 2021

Moy et al. 2021

Liu et al. 2021

@000V OOO®®

Mirza et al. 2020

Abedi Yekta et al. 2019

Gallo-Silva et al. 2019

Lietal. 2019

Wu et al. 2018

LD

McNamara'et al. 2012

L1 1OI0l X X X 1 JOIol JoI I X X I

0000 OOOS®
9060000
@000 OS S

Domains: Judgement

D1: Bias arising from the randomization process. )

D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data. B Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%
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Supplement 3

The effect of aerobic exercise on the SGRQ total score among patients with COPD.

Treatment Control SMD Weight

Study N Mean SD N Mean SD with 95% ClI (%)
Zhu et al. 2025 27 -12.93 53 27 g7 374 - -2.99[-3.76, -2.21] 7.79
Phantayuth et al. 2024 12 -19 7012 2 7 —M— -3.00[ 4.17, -1.83] 6.85
Luo et al. 2023 108 -124 193 108 -7.2 19.2 . -0.27[ -0.54, -0.00] 8.62
Liu etal. 2023 30 -10.37 195 30 33 220 —— -6.43[ -7.68, -5.17] 6.62
Ismail et al. 2022 20 46 118 20 T 132 B -042 [-1.05, 0.20] 8.10
Pancera et al. 2021 14 -7.41 1022 13 -5.81 13.86 - -0.13 [ -0.89, 0.62] 7.84
Liuetal. 2021 14 -18.78 17 16  1.44 19 F -1.12[-1.89, -0.35] 7.80
Abedi Yekta et al. 2019 14 507 548 15 -419 3.28 4 020 [-0.93, 0.53] 7.89
Gallo-Silva et al. 2019 10 -8 17 9 5.1 23 -0.65[-1.58, 0.27] 7.45
Lietal 2019 17 -16.17 21 189 841 18.9 f -1.23[-1.95, -0.62] 7.93
Wootton et al. 2017 62 -6 18 38 0 16 . -0.35[-0.75, 0.06] 8.47
Daabis et al. 2016 %5 -188 211 15 -39 194 -0.74[-1.47, 0.00] 7.87
DeSouto Araujoa et al. 2012 8 -3 3 N" 6 4 —.f -2.48[ -3.69, -1.28] 6.75
Overall ? -1.44[ -2.09, -0.78]
Heterogeneity: T° = 1.28, 1° = 92.37%, H* = 13.10

Testof 8 = 8;: Q(12) = 157.24, p = 0.00
Testof6=0:z=-4.29, p=0.00

|
@
'
[=)]
f
S
'
.
o -

Random-effects DerSimonian—Laird model
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The effect of aerobic exercise on the mMRC score for dyspnea among patients with COPD.

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Zhu et al. 2025 27 -55 .7 27 .29 8 —— -1.12[-1.69, -0.54] 23.98
Shen et al. 2024 40 -12 139 -8 8 —J—— -044[-089, 0.01] 33.74
Liu et al. 2023 30 -05 .18 30 118 —— -0.83[-1.36, -0.31] 27.03
Daabis et al. 2016 15 -1.17 97 15 -15 .93 i -1.07 [-1.84, -0.31] 15.25
Overall ~i -0.81[-1.13, -0.48]
Heterogeneity: T = 0.03, I’ = 27.68%, H> = 1.38
Testof 8, =6;: Q(3)=4.15,p=0.25
Testof 8=0:z=-4.81, p=0.00

-é -1|.5 -‘1 -.|5

Random-effects DerSimonian—Laird model
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The effect of aerobic exercise on the HADS-anxiety score among patients with COPD.

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Liu et al. 2023 30 -1.81 62 30 -82 42 —J— -2.25[-2.89, -1.60] 33.32
Ismail etal. 2022 20 -2.15 2.89 20 .15 26 —J— | -084[-1.48, -0.19] 33.32
Leung et al. 2012 19 -1 3 19 1 6 —J—-042[-1.06, 022] 33.36
Overall ——ll— | 117 [ -2.25, -0.09]

Heterogeneity: 1~ = 0.81, I° = 88.16%, H* = 8.45
Test of 8, = 8;: Q(2) = 16.90, p = 0.00
Testof 6=0:z=-2.11, p=0.03

Random-effects DerSimonian—Laird model
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The effect of aerobic exercise on the HADS-depression score among patients with COPD.

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Liu et al. 2023 30 -1.38 .33 30 -1.59 .42 —J— 0.56[ 0.04, 1.07] 34.75
Ismail etal. 2022 20 -2.49 277 20 1 286 —— -0.96[-1.62, -0.31] 3252
Leung etal 2012 19 -1 4 19 1 6 —l— -0.39[-1.03, 0.25] 32.73
Overall —_— -0.25[-1.16, 0.66]
Heterogeneity: T~ = 0.55, I” = 85.37%, H* = 6.84
Test of 6; = 6;: Q(2) = 13.67, p = 0.00
Testof 8=0:z=-0.54, p=0.59

-2 -1 0

Random-effects DerSimonian—Laird model

Copyright Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation ©2025

Published online October 29, 2025 https://doi.org/10.15326/jcopdf.2025.0657



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2025.0657

PRE-PROOF Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation PRE-PROOF

Supplement 4

Subgroup analysis for the SGRQ score.

SMD
Study K with 95% CI p-value
Age
Less than 65 5 . -209[-384, -034] 0019
Maore than 65 8 e -1.00[ -1.53, -0.47] 0.000

Test of group differences: .(1) = 1.38, p=0.24

BMI |
Less than 25 8 S -1.91[-3.02, -079] 0.001
More than 25 5 —e— | 067[-120, -014] 0014

Test of group differences: Q,(1) = 3.90, p=0.05 ‘

Sample size
Less than 50 9 o ’ -1.01[-1.53, -0.48] 0.000

Maore than 50 4 - -238[-403, -072] 0.005
Test of group differences: Qu(1) =240 p=0.12

Length of exercise
Less than 8 weeks 5 —e— | .065[-1.17, -0.14] 0.013

Maore than 8 weeks T —_— -2.09[-3.19, -0.99] 0.000
Test of group differences: Q,(1) = 5.42, p=0.02

Country of study
China 5 . 233[-396, -0.71] 0.005
Other countries 8 —e— | .086[-140, -0.31] 0.002

Test of group differences: (2,(1) = 2.85, p=0.09

Overall ~et— -1.44[-2.09, -0.78] 0.000
Heterogeneity: 1 = 1.28, I = 92.37%, H* = 13.10
Test of 8,= 8, Q(12) = 157.24, p = 0.00

-4 -3 -2 -1 0
Random-effects DerSimonian—Laird model
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Subgroup analysis for the SGRQ score (continued).

SMD
Study K with 95% CI p-value
Baseline FEV1
Less than 50% 4 . -0.76 [ -1.53, 0.00] 0.051
More than 50% 3 . -0.89[-1.42, -0.37] 0.001
Test of group differences: Q,(1)=0.08, p=0.78
Baseline FEV1/FVC ’
Less than 50% 2 ———-0.30[-0.66, 0.06] 0.099
More than 50% 5 . -1.08 [ -1.66, -0.50] 0.000
Test of group differences: Qu(1) = 5.03, p=0.02 ‘
Overall —= ] — -0.80[-1.26, -0.34] 0.001
Heterogeneity: 7° = 0.24, |° = 65.40%, H' = 2.89
Test of 6, = 6;; Q(6) = 17.34, p = 0.01

Random-effects DerSimonian—Laird model
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Subgroup analysis for 6MWT.

SMD

Study K with 95% CI p-value
Age

Less than 65 5 —_— 53.87 [ 38.94, 68.81] 0.000
More than 65 g . 41.47 [ 23.94, 59.00] 0.000
Test of group differences: Qu(1)=1.11, p=0.29

Country of study

China 5 . 5225 36.75, 67.75] 0.000
Other countries 9 > 46.09[ 28.43, 63.76] 0.000
Test of group differences: Q.(1) = 0.26, p = 0.61

BMI

Less than 25 . 8 —_—— 45 87 [ 32.02, 59.32] 0.000
‘More than 25 6 - — 56.04 [ 40.47, 7162] 0.000
Test of group differences: Q,(1) =096, p=0.33
Sample size

Less than 50 10 . 53.49[ 36.02, 70.97] 0.000

More than 50 4 e 46.00[ 32.46, 59.55] 0.000
Test of group differences: Q,(1) = 0.44, p = 0.51

Length of exercise

Less than 8 weeks 7 @ 55.36[ 37.88, 72.83] 0.000

More than 8 weeks 7 - ol 46.40[ 33.05, 59.75] 0.000
Test of group differences: Q.(1) = 064, p = 042

Overall —_— = 49.07[ 38.44, 59.70] 0.000

Heterogeneity: 1 = 97.59, I = 31.16%, H = 1.45
Test of 8, = 8; Q(13) = 18.88, p= 0.13

20 40 60 80
Random-effects DerSimonian—Laird model
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Subgroup analysis for 6MWT (continued).

SMD
Study K with 95% CI p-value
Baseline FEV1
Less than 50% 7 —— 30.89[ 12.44, 49.34] 0.001
More than 50% 4 —e— 63.43 [ 45.47, 81.39] 0.000

Test of group differences: Q,(1) = 6.14, p = 0.01

Baseline FEV1/FVC
Less than 50% 4 S a— 2583 6.55, 45.12] 0.009

More than 50% 7 ———e——— 63.77[ 46.87, 80.67] 0.000
Test of group differences: Q,(1) = 8.41, p = 0.00

Overall — 46.38 26.70, 66.06] 0.000
Heterogeneity: T° = 576.92, I’ = 68.03%, H’ = 3.13
Test of 6, = 8;: Q(10) = 31.28, p = 0.00

Random-effects DerSimaonian—Laird model
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Supplement 5

Sensitivity analysis for 6SMWT using the leave-one-out test.

SMD
Omitted study with 95% CI p-value
Zhu et al. 2025 . 40.06 [ 26.75, 53.38] 0.000
Shen et al. 2024 ° 41.58[27.98, 55.18] 0.000
Phantayuth et al. 2024 . 44.01[3047, 57.55] 0.000
Liu et al. 2023 . 44.44 [ 28.32, 60.57] 0.000

Ismail et al. 2022
Pancera et al. 2021

L ]

40.35[26.94, 53.75] 0.000
44.05[ 30.40, 57.70] 0.000
Moy et al. 2021 . 45.63 [ 32.02, 59.24] 0.000

[ ]

Liu et al. 2021 ® 40.05 [ 27.24, 52.86] 0.000
Mirza et al. 2020 . 45.45[33.82, 57.08] 0.000
Gallo-Silva et al. 2019 * 41.88[28.75, 55.01] 0.000
Li etal. 2019 42.35[28.95, 55.76] 0.000
Wootton et al. 2017 .- 43.76 [ 30.16, 57.35] 0.000
Daabis et al. 2016 . 40.72[27.91, 53.52] 0.000
DeSouto Araujoa et al. 2012 42.03[28.97, 55.10] 0.000
Marrara et al. 2012 42.15[28.90, 55.39] 0.000
McNamara et al. 2012 o 41.58 [28.32, 54.85] 0.000
3|0 4I0 5I0 6I0

Random-effects DerSimonian—Laird model
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Sensitivity analysis for the SGRQ score using the leave-one-out test.

SMD
Omitted study with 95% CI p-value
Zhu et al. 2025 . -1.29[-1.92, -0.66] 0.000
Phantayuth et al. 2024 . -1.32[-1.98, -0.66] 0.000
Luo et al. 2023 . -1.67 [ -2.34, -0.79] 0.000
Liu et al. 2023 . -1.04 [ -1.53, -0.55] 0.000

Ismail et al. 2022
Pancera et al. 2021
Liu et al. 2021

[ ]

-1.563 [ -2.25, -0.82] 0.000
-1.65[ -2.25, -0.85] 0.000
-1.47[-2.17, -0.76] 0.000
Abedi Yekta et al. 2019 -1.55[ -2.25, -0.84] 0.000
Gallo-Silva et al. 2019 -1.50 [ -2.20, -0.81] 0.000
Lietal. 2019 -1.46 [ -2.17, -0.75] 0.000
Wootton et al. 2017 -1.65[-2.31, -0.80] 0.000
Daabis et al. 2016 -1.50 [ -2.21, -0.79] 0.000
DeSouto Araujoa et al. 2012 -1.36 [ -2.03, -0.69] 0.000

L ]

25 -2 -1.5 -1 -5
Random-effects DerSimonian—Laird model
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