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Background: Remote technology is recommended for exercise management in chronic obstructive pulmonary disease (COPD)
patients to enhance health and exercise function. Despite numerous studies, the optimal combination of remote technologies and
auxiliary interventions remains unclear.

Objective: Evaluate which remote exercise interventions and their additional behavioral support measures are most effective in
improving exercise function, exercise behavior, and healthy quality of life in COPD patients.

Methods: A systematic review using a network meta-analysis (NMA) of randomized controlled trials (RCTs). We searched PubMed,
the Cochrane Central Register of Controlled Trials, Web of Science, EMBASE, CINAHL, and Medline from their inception to
December 31, 2024. RCTs evaluating remote exercise interventions were included. The NMA was performed using STATA software.
Results: Twenty-nine RCTs were included (3,234 participants). Remote device & Exercise was superior in improving 6-minute
walking distance (6MWD, SMD 0.51, 95% CI 0.10—0.93, SUCRA 81.8%) compared to usual care, traditional face-to-face rehabilita-
tion, and other remote exercise intervention types; Online self-management & Exercise was superior in facilitating daily activity time
(SMD 0.48, 95% CI 0.08—0.88, SUCRA 90.1%); Application & Exercise significantly improved healthy quality of life (Negative
scale, SMD -0.67, 95%CI-1.05—-0.29, SUCRA 81.1%); increased behavioral aids had an integrative effect with the remote exercise
intervention, Motivation & Feedback + Health education significantly improved exercise function and quality of life; Motivational
interviewing + Goal setting + Activity monitor/Pedometer + Health education significantly promoted exercise behavior. On average,
the quality of evidence ranged from low to very low.

Conclusion: This review found evidence that remote exercise series of interventions is superior in improving outcomes such as
exercise function, promoting exercise behavior and enhancing healthy quality of life in patients with COPD. Additional behavioral
aids had an integrative effect on outcome improvement.

Plain Language Summary: Clinical guidelines recommend remote technology for home-based COPD exercise rehabilitation to
overcome constraints, yet evidence supporting specific remote exercise interventions remains limited. This review found:

® Remote device & Exercise was the most effective remote-exercise intervention to improve exercise function.

® Online self-management & Exercise, Application & Exercise and Telephone & Exercise were the most effective in improving
exercise behaviour and quality of life, respectively.

® The effectiveness of the remote-exercise interventions utilised a limited range of behaviour change interventions.
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Background

Chronic obstructive pulmonary disease (COPD) affects individuals worldwide. It causes patients to experience
breathlessness, reduced physical function, diminished social engagement, places a significant burden on healthcare
systems, and is a key predictor of years lived with disability." In the future, the disease and economic burden of COPD
is likely to continue increasing due to ongoing exposure to risk factors.” Clinical guidelines recommend exercise
intervention as a vital non-pharmacological treatment to improve clinical symptoms and functional outcomes in COPD
patients, provided that exercise translates into genuine physical activity.” Compared to inactive patients, those
engaging in exercise experience a 34% reduction in the risk of readmission within 30 days of discharge and a 47%
decrease in mortality risk within 12 months.* However, it is well established that exercise and activity levels among
COPD npatients fall far short of guideline targets (achievement rates approximately 23.0-34.3%) due to various
complex factors.” Their daily step counts cluster between 4064 and 6000 steps,®® with 6,000 steps being the current
step target recommended by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines.'® The
4,064-step range equates to approximately 70% of the average daily step count for older adults within the same
national context.® Among these complex factors, the most severe is the limited capacity of rehabilitation centers'' and
staff, making it difficult to disseminate health knowledge and conduct effective supervision. Remote exercise may help
address these challenges.

Remote-exercise intervention'? refers to the use of remote technologies such as telephone or internet-based platforms
(eg, videoconferencing) to deliver exercise training. Recent systematic reviews'> "> have reiterated the multiple benefits
of remote exercise for COPD patients, including improved exercise capacity, enhanced quality of life, and alleviation of
breathlessness. However, these reviews reported limited outcome measures, failing to consider exercise behavior and
thus unable to address whether remote exercise facilitates behavioral improvement. Furthermore, their meta-analysis
methodology permitted comparisons only between two groups, without distinguishing between different components of
the implemented interventions. Consequently, they could not answer crucial questions regarding which remote exercise
technology yields superior or optimal therapeutic outcomes. Network meta-analysis builds upon traditional meta-analysis
techniques by incorporating weighted synthesis, enabling simultaneous comparison of three or more treatment
approaches while accounting for additional sources of heterogeneity. This facilitates better determination of optimal
remote exercise management for COPD patients. To date, no network meta-analyses closely related to this topic have
been identified. Therefore, the objective of this systematic review is to determine through network meta-analysis:

Which remote exercise intervention technologies and their adjunctive behavioral interventions are most effective in
improving exercise function, exercise behavior, and health-related quality of life in patients with chronic obstructive
pulmonary disease (COPD)?

Methods

This study is reported according to the Network Meta-Analysis extension of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA-NMA) reporting guidelines'® and was registered in PROSPERO database
(CRD420251001560)."” The PRISMA-NMA checklist is listed in Supplementary Material 1 of eAddenda.

Identification and Selection of Studies

The Cochrane Central Register of Controlled Trials, PubMed, Web of Science, EMBASE, CINAHL, and Medline were
searched from indexing to 31 December 2024. The search strategy used appropriate thesaurus and free text terms with free
words containing three key concepts: Pulmonary Disease, Chronic Obstructive, Remote, Exercise (for the full search
strategy, see Supplementary Material 2 on eAddenda). The search strategy was peer reviewed using the PRESS checklist.'®

The inclusion criteria are listed in Box 1, describing the study design, population, intervention, comparator, and outcome
characteristics. Studies were eligible for inclusion if the trial intervention involved therapeutic exercise or physical activity
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Box | Systematic Review Selection Criteria, and Additional Criteria for Inclusion and Exclusion in This Network Meta-Analysis

Study Design

® Randomized controlled trial

® Published in peer-reviewed journal

® Available in English full text

Participants

® Any age

® Patients with confirmed COPD, ie, FEVI/FVC <70% after inhaled bronchodilators

Interventions
Any type of remote exercise therapy, regardless of frequency or intensity and duration of therapy, alone or in combination

® Delivery via remote technology: broadly includes applications such as telephony, videoconferencing, mobile apps, interactive platforms, wearable
electronic devices, etc. that enable remote communication or supervision

® Therapeutic exercise or physical activity developed by a healthcare professional, with measurability of exercise function, exercise behavior and
healthy quality of life

Comparators

® Placebo

® Face-to-face rehabilitation

® No treatment or usual care

Outcome measures

® Exercise function (eg, 6MWD)

® |evels of exercise behavior (eg, daily steps, active time, frequency of activity)

® Quality of life improvement (not limited by scale)

Integrity

® Trials were excluded if they were judged to be plagiarized or had research integrity issues (eg, high risk of bias, inadequate reporting)

Data availability

® Trials were excluded if they did not have data to analyze improvements in exercise function or exercise behavior or quality of life

prescribed by healthcare professionals and delivered via remote technology, and if outcomes measuring exercise function,
exercise behavior, and health-related quality of life were measurable. Studies conducted in English were eligible.

Based on the predetermined criteria, two reviewers (TH, SHP) independently read each title and abstract to initially
screen the relevant literature using Endnote 20 software, and then read the full text of the initial screened literature for
inclusion and assessed the quality of the literature, respectively. If there was a conflict at any of the above stages, the third
or fourth (LXQ) reviewer would join in and discuss and eventually reach a consensus agreement based on the inclusion
criteria. The authors of the articles will be contacted by Email if the full-text manuscript is not available or if clarification
of aspects of the study is required.

Data Extraction and Risk of Bias Assessment

Two researchers (TH and SHP) independently extracted data from eligible publications, using Excel spreadsheets to
extract and store the information. Any missing information was recorded as unclear or not described. Data extracted from
each study included the following characteristics: first author’s name, year of publication, country/region, number of
participants, male-to-female ratio, mean age (standard deviation), characteristics of the intervention/control measures
(including remote technology used, type of exercise program, and behavioral support measures involved), and outcome
measures. Five evaluation items using The Cochrane Risk of Bias 2 tool for randomized trials: generation of random
sequences; allocation concealment; blinding; completeness of outcome data; and selective reporting and other potential
biases. Each domain featured three risk categories: “high risk”, “low risk”, and “unclear”. Studies with all five items
rated “low risk” present minimal potential for bias. Studies with some items rated “low risk” present moderate potential
for bias. Studies failing to meet any “low risk” criteria present higher potential for bias. Risk of bias plots were generated

using RevMan 5.4.1 software.
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Data Analysis

Descriptive Analysis

Overall, key study and patient characteristics were summarized using descriptive synthesis and risk of bias assessment.
Narrative summaries were provided for studies for which outcome data allowing for NMA were not available (eg, data
expressed as median due to skewed distribution, p values, unreported time points).

Network Meta-Analysis

We employed STATA software to conduct the network meta-analysis and constructed a network evidence association
diagram to evaluate the impact of interventions on improving outcomes related to exercise function, exercise behavior,
and quality of life. The network evidence map assessed both direct (ie, pairwise comparisons) and indirect evidence for
each primary outcome. Continuous data variables (meantstandard deviation) were represented as effect sizes using
standardized mean differences (SMDs) with their 95% confidence interval (95% CI).

Inconsistency Test

We assessed inconsistencies across all outcome networks (ie, the consistency between direct and indirect evidence).
When both direct and indirect comparisons coexist for all interventions, this constitutes a closed loop. Where closed
loops exist in the network diagram, we first employed the Design-by-treatment interaction model for global inconsistency
testing. If P>0.05 or 1°<50%, indicating relatively consistent results between direct and indirect comparisons, we
analyzed using the consistency model. Conversely, the inconsistency model is applied, supplemented by sensitivity
analyses. Secondly, node splitting is employed for local inconsistency testing. Finally, loop inconsistency tests evaluate
consistency within closed loops for each outcome measure. A 95% confidence interval for the loop inconsistency factor
encompassing zero indicates good consistency between direct and indirect evidence.

Assessment of Cumulative Ranking

We used the area under the Cumulative Ranking probability map (Surface Under the Cumulative Ranking, SUCRA) to
rank to present the likelihood of each rehabilitation intervention being the best intervention. Where 0%<SUCRA<100%,
the larger the SUCRA value, the more effective the intervention.

Sensitivity Analysis
Sensitivity analysis was performed using a deletion-by-deletion method to exclude studies with high risk of bias and
missing information. Funnel plots were also drawn to assess small sample effects and possible publication bias.

Results

Research Options

This review conducted a systematic search of various databases to obtain 1155 potentially eligible papers, excluded 977
papers that did not fulfil the study criteria based on the title and abstract, and subsequently read the full text of 178
papers. Of these, 149 articles were excluded for the following reasons: 85 had only study protocols, 26 were conference
abstracts or full text was unavailable, 13 did not have relevant outcome metrics, 11 were unable to extract the required
data, 9 were repetitively published studies, 4 had comparisons that were not relevant to the topic, and 1 was withdrawn.
Finally, a total of 29 literatures were included. The literature screening process is shown in Figure 1.

Description of Included Trials

Table 1 describes the summary characteristics of the included trials, which were published between 2008 and 2024 and
included a total of 3234 participants. Fifteen countries were involved, with the largest number of studies (n=4, 13.8%)
conducted in Australia. Overall, there was a predominance of male subjects. The trials included did not incorporate
hybrid interventions (remote intervention + face-to-face or two or more remote interventions). Five types of remote
exercise interventions were employed: Telephone & Exercise (n=11, 38%), Application & Exercise (n=8, 28%), Remote
device and Exercise (n=5, 17%), Online self-management and Exercise (n=3, 10%), and Videoconference & Exercise
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Figure | Flow of trials through the review.

(n=2, 7%); effect evaluation metrics were categorized into one exercise function (6MWD), two exercise behavioral
(steps, exercise time), and five healthy quality of life outcomes (CRQ, SGRQ, EQ-5D, SF-36, and CAT). The summary
characteristics of the studies included are presented in Table 2. In addition, we found that all included trials used
behavioral aids including: Motivational interviewing, Goal setting, Activity monitor/Pedometer, Motivation & Feedback
and Health education, as shown in Table 3.

Risk of Bias

Of the 29 included trials, 24 reported random sequence generation (random number tables, computers),
19.2224.27.2831,33.34.3637.41.4246 |9 blinded

19,21,22,24,26-31,33-42,44-47

13 reported specific allocation concealment methods (sealed envelopes, blank folders),

1926-29,33,34,36,37,40.42.4 20,21,23-25,27-31,34,35,38,40,42,43,45-4 :
926-29.33,343637.404245 and 19 had complete data >3 25-27313435,38:4042434547 None of the studies

outcome assessors,
reported selectivity, and none mentioned other sources of bias. The results of the risk of bias evaluation are shown in

Figures 2 and 3.
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Table | Summary Characteristics of Included Studies

Characteristic N (%)
Country

United States of America 4.14%
Spanish 3.10%
Netherlands 2.7%
Belgium 2.7%
Portugal 1.3%
United Kingdom of Great Britain and Northern Ireland 2.7%
Australia 4.14%
Greece 1.3%
China 4.14%
Denmark 2.7%
South Korea 1.3%
Sweden 1.3%
Multicenter 2.7%
Year of publication

2008-2015 9.31%
2016-2020 15.52%
2020-2024 5.17%
Study setting

Single-center RCT 13.45%
Multi-center RCT 16.55%

Interventions
Online self-management and Exercise 3.10%
note: Delivered via websites as a remote exercise intervention
Telephone & Exercise 11.38%
note: Delivered via telephone as a remote exercise intervention
Application & Exercise 8.28%
note: Delivered via an app as a remote exercise intervention
Remote device and Exercise 5.17%
note: Delivered via remote monitoring devices (such as pedometers and accelerometers) as a remote exercise intervention
Videoconference & Exercise 2.7%
note: Delivered via video conferencing as a remote exercise intervention
Outcome measures

6MWD 21.27%
Step (step/day) 12.15%
Exercise time (minute/day) 8.10%
CRQ 9.12%
SGRQ 8.10%
EQ-5D 5.6%
SF-36 3.4%
CAT 12.15%

Abbreviations: CRQ, Chronic Respiratory Questionnaire; SGRQ, St. George’s Respiratory Questionnaire; EQ-5D, EuroQol five dimensions questionnaire; SF-36,
The Short-From-36 Health Survey; CAT, COPD Assessment Test.

Network Evidence Map

Network evidence maps are constructed based on different outcome measures. Circles in the diagram represent distinct remote-
rehabilitation interventions, with circle size proportional to the study sample size. Connecting lines between circles denote the
number of studies comparing these interventions, with thicker lines indicating a greater number of comparative studies. A total of

21 studies'? 2122 2420730.32739.363840414345 - penorted  exercise function metrics (6MWD), 16 studies'*2%2* 2627

29.31.34.37.384043.44 renorted behavioral metrics (steps, exercise time). Nineteen studies?'2*2°27-29736:39404244-4647 poyrted
19,20,22,29,31,34,36,37,43-45

quality of life outcomes using negative vector scales and 11 studies reported quality of life outcomes
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Table 2 Basic Characteristics of the Included Studies (n = 29)

Control
group: 36/37

Control group:
63+8

feedback; Duration: 6 months

Study Year | Country Study Design | Sample Male to Mean Age (SD) | Intervention Details Outcome Measures
(Intervention/ | Female
Control) Ratio (M/F)
Nguyen 2008 | USA Single-center 19/20 Experimental Experimental Intervention: Internet-based self-management endurance | Physical activity
etal' RCT group: 11/8; group: 68.0 * 8.3; | and arm strengthening training + motivational improvement: 6MWD,
Control Control group: interviewing + goal setting + motivation and feedback + | exercise time; Quality
group: |11/9 709 + 8.6 health education; Duration: 6 months of life: CRQ
Nguyen 2013 | USA Multi-center 43/41 Experimental Experimental Intervention: Internet-based self-management endurance | Physical activity
et al® RCT group: 25/18; | group: 68.5 + and arm strengthening training + motivational improvement: 6MWD,
Control 11.0; Control interviewing + goal setting + motivation and feedback + | exercise time; Quality
group: 24/17 group: 69.3 + 8.0 | health education; Duration: 12 months of life: CRQ, SF-36
de Sousa 2014 | Spanish Single-center 23/18 Experimental Experimental Intervention: Integrated telephone-based rehabilitation + | Physical Activity
Pinto et al*' RCT group: 22/1; group: 68.9 £ 9.2; | motivation and feedback + health education; Duration: 3 | Improvement: 6MWD;
Control Control group: months Quality of life: SGRQ
group: 17/1 719 £76
Tabak et al®> | 2014 | Netherlands | Single-center 12/12 Experimental Experimental Intervention: App-based personalized training + activity | Physical Activity
RCT group: 6/6; group: 64.1 £ 9.0; | monitor/pedometer + motivation and feedback + health | Improvement: 6MWD;
Control Control group: education; Duration: 3 months Quality of life: EQ-5D
group: 6/6 628 +74
Hornikx 2015 | Belgium Single-center 15/15 Experimental Experimental Intervention: Telephone-based physical activity training + | Physical Activity
et al®® RCT group: 8/7; group: 66 * 7; goal setting + activity monitor/pedometer + motivation Improvement: 6MWD,
Control Control group: and feedback + health education; Duration: | month steps, exercise time;
group: 9/6 68 + 6 Quality of life: CAT
Cruz et al** 2016 | Portugal Multi-center 16/16 Experimental Experimental Intervention: Telephone-based physical activity training + | Physical Activity
RCT group: 13/3; group: 68.8 *+ 8.2; | goal setting + activity monitor/pedometer + motivation | Improvement: 6MWD,
Control Control group: and feedback + health education; Duration: 3 months steps, exercise time;
group: 14/2 64.1 £82 Quality of life: SGRQ
Moy et al*® 2016 | USA Multi-center 154/84 Experimental Experimental Intervention: Telephone-based physical activity training + | Physical activity
RCT group: 146/8; | group: 67 + 8.6; goal setting + activity monitor/pedometer + motivation | improvement: steps;
Control Control group: and feedback + health education; Duration: 12 months Quality of life: SGRQ
group: 77/7 66.4 + 9.2
Vorrink 2016 | Netherlands | Multi-center 84/73 Experimental Experimental Intervention: Phone-based physical activity training + goal | Physical Activity
et al* RCT group: 42/42; | group: 62 + 9; setting + activity monitor/pedometer + motivation and Improvement: 6MWD,

steps; Quality of life:
CRQ

(Continued)
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Table 2 (Continued).

Study Year | Country Study Design | Sample Male to Mean Age (SD) | Intervention Details Outcome Measures
(Intervention/ | Female
Control) Ratio (M/F)
Bourne 2017 | UK Single-center 64/26 Experimental Experimental Intervention: Comprehensive app-based rehabilitation + | Physical Activity
et al”’ RCT group: 41/23; | group: 69.1 £ 7.9; | health education; Duration: 6 weeks Improvement: 6MWD,
Control Control group: steps; Quality of life:
group: 18/8 714 + 8.6 SGRQ
Holland 2017 | Australia Multi-center 80/86 Experimental Experimental Intervention: Phone-based aerobic and resistance training | Physical Activity
et al®® RCT group: 48/32; | group: 69 * 13; + goal setting + activity monitor/pedometer + health Improvement: 6MWD,
Control Control group: education; Duration: 8 weeks steps; Quality of life:
group: 51/35 69 £ 10 CRQ
Tsai et al* 2017 | Australia Single-center 19717 Experimental Experimental Intervention: Videoconference-based home rehabilitation | Physical Activity
RCT group: 12/7; group: 73 £ 8; + activity monitor/pedometer + motivation and feedback | Improvement: 6MWD,
Control Control group: + health education; Duration: 8 weeks steps; Quality of life:
group: 6/11 759 CAT, CRQ
Vasilopoulou | 2017 | Greece Single-center 47/50 Experimental Experimental Intervention: Tele-device based home rehabilitation + Physical Activity
et al®® RCT group: 44/3; group: 66.9 + 9.6; | activity monitor/pedometer + motivation and feedback + | Improvement: 6MWD;
Control Control group: health education; Duration: 12 months Quality of life: SGRQ
group: 37/13 64.0 + 8.0
Jolly et al®' 2018 | UK Multi-center 289/288 Experimental Experimental Intervention: Telephone-based physical activity training + | Physical Activity
RCT group: 182/ group: 70.7 + 8.8; | goal setting + activity monitor/pedometer + motivation | Improvement: exercise
107; Control Control group: and feedback + health education; Duration: 12 months time; Quality of life:
group: 185/ 702 +£78 SGRQ, EQ-5D
103
Li Y et al® 2018 | China Single-center 82/69 Experimental Experimental Intervention: Integrated telephone-based rehabilitation + | Physical Activity
RCT group: 71/11; | group: 65.1 + 8.7; | motivation and feedback + health education; Duration: Improvement: 6MWD;
Control Control group: 12 months Quality of life: CAT
group: 55/14 66.0 + 9.3
Wootton 2018 | Australia Multi-center 49/46 Experimental Experimental Intervention: Phone-based walking training + goal setting | Physical Activity
etal® RCT group: 25/24; | group: 70 + 7; + activity monitor/pedometer + motivation and feedback | Improvement: 6MWD;
Control Control group: Duration: 14 months Quality of life: SGRQ
group: 30/16 69 £ 9
Hansen 2020 | Denmark Multi-center 67/67 Experimental Experimental Intervention: Videoconference-based muscular Physical Activity
et al®* RCT group: 32/35; | group: 68.4 + 8.7; | endurance training + health education; Duration: Improvement: 6MWD,

Control
group: 28/39

Control group:
682 94

10 weeks

steps, exercise time;
Quality of life: CAT, EQ-
5D
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Jiang et al*®

Jiménez-
Reguera

et al*®

Lahham

et al*’

Park et al*®

Bi et al*’

Cerdan-De-

las-heras

et al*

Galdiz et al*!

Wang et al*?

2020

2020

2020

2020

2021

2021

2021

2021

China

Spanish

Australia

South

Korea

China

Denmark

Spanish

China

Single-center
RCT

Multi-center
RCT

Multi-center
RCT

Multi-center
RCT

Single-center
RCT

Single-center
RCT

Multi-center
RCT

Single-center
RCT

53/53

17719

29129

22/20

100/100

27/27

46/48

39/39

Experimental
group: 44/9;
Control
group: 43/10

Experimental
group: 9/8;
Control
group: 13/6
Experimental
group: 17/12;
Control
group: 17/12
Experimental
group: 34/44;
Control
group: 37/39

Experimental
group: 72/28;
Control

group: 68/32

Experimental
group: 16/11;
Control

group: 15/12
Experimental
group: 30/16;
Control

group: 33/15
Experimental
group: 26/13;
Control

group: 29/10

Experimental
group: 70.92 +
6.38; Control
group: 71.83
7.60
Experimental
group: 68.1 * 7.0;
Control group:
68.1 £ 6.6
Experimental
group: 68 * 9;
Control group:
67 £ 10
Experimental
group: 70.45 +
9.40; Control
group: 65.06 *
11.12
Experimental
group: 69.43 +
7.38; Control
group: 68.87 +
5.33
Experimental
group: 67.4
10.2; Control
group: 72.5 + 74
Experimental
group: 62.3 * 8.2;
Control group:
63.0 6.6
Experimental
group: 63.2 £ 7.5;
Control group:
644 +£70

Intervention: Telephone-based walking training +
motivation and feedback + health education; Duration: 3

months

Intervention: App-based physical activity and breathing
training + motivation and feedback + health education;

Duration: | year

Intervention: Phone-based endurance and resistance
training + Motivational interviewing + Goal setting +
Activity monitor/pedometer + Motivation and feedback
+ Health education; Duration: 8 weeks

Intervention: App-based physical activity training + goal
setting + activity monitor/pedometer + motivation and

feedback + health education; Duration: 6 months

Intervention: App-based rehabilitation + motivation and

feedback + health education; Duration: 12 weeks

Intervention: Aerobic-anaerobic training based on
remote equipment + motivation and feedback + health

education; Duration: 8 weeks

Intervention: Tele-device based home rehabilitation +
activity monitor/pedometer + health education;

Duration: 12 months

Intervention: App-based rehabilitation + motivation and

feedback + health education; Duration: 12 months

Improvement in physical
activity: -; Quality of life:
CAT

Physical Activity
Improvement: 6MWD;
Quality of life: CAT, EQ-
5D

Physical activity
improvement: 6MWD;
Quality of life: CRQ

Physical Activity
Improvement: 6MWD,
steps, exercise time;
Quality of life: SF-36

Physical activity
improvement:
frequency of activity;
Quality of life: CAT

Physical Activity
Improvement: 6MWD,
steps; Quality of life:
SGRQ

Physical activity
improvement: 6MWD;
Quality of life: SF-36,
CRQ

Improvement in physical
activity: -; Quality of life:
CAT

(Continued)
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Table 2 (Continued).

Study Year | Country Study Design | Sample Male to Mean Age (SD) | Intervention Details Outcome Measures
(Intervention/ | Female
Control) Ratio (M/F)
Loeckx 2023 | Belgium Single-center 36/37 Experimental Experimental Intervention: App-based physical activity training + goal Physical Activity
etal® RCT group: 22/14; | group: 62 + 7; setting + activity monitor/pedometer + motivation and Improvement: 6MWD,
Control Control group: feedback + health education Duration: 9 months steps, exercise time;
group: 20/17 66 + 8 Quality of life: CRQ
Polo et al®' 2023 | USA Multi-center 111/98 Experimental Experimental Intervention: Remote device-based pulmonary Improvement in physical
RCT group: 44/67; | group: 66.89 + rehabilitation + activity monitor/pedometer + motivation | activity: -; Quality of life:
Control 10.80; Control and feedback + health education; Duration: 8 weeks CAT
group: 41/57 group: 65.96 +
10.68
Spielmanns 2023 | Germany, Multi-center 33/34 Experimental Experimental Intervention: App-based Pulmonary Rehabilitation + Physical activity
et al** Switzerland | RCT group: 17/16; | group: 66.1 * 6.8; | Goal Setting + Activity Monitor/Pedometer + Motivation | improvement: steps;
Control Control group: & Feedback + Health Education; Duration: 6 months Quality of life: CAT,
group: 17/17 62.7 + 8.2 CRQ
Zanaboni 2023 | Norway, Multi-center 40/40 Experimental Experimental Intervention: Remote device-based running and strength | Physical Activity
et al®® Australia RCT group: 23/17; | group: 64.9 + 7.1; | training + goal setting + motivation and feedback + Improvement: 6MWD;
and Control Control group: health education; Duration: 2 years Quality of life: CAT, EQ-
Denmark group: 23/17 63.5 + 8.0 5D
Stenlund 2024 | Sweden Multi-center 73173 Experimental Experimental Intervention: Internet-based self-managed physical Physical Activity
et al* RCT group: 37/36; | group: 68.8 + 7.0; | activity training + goal setting + activity monitor/ Improvement: physical

Control

group: 32/41

Control group:
70.1 £ 6.4

pedometer + motivation and feedback + health

education; Duration: 3 months

activity level; Quality of
life: CAT
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Table 3 Behavioral Aids for Telematic Interventions (n = 29)

First Author Motivational Goal Activity Motivation & | Health Education | Total Behavioral
Interviewing Setting Monitor/ Feedback Aid Strategies
Pedometer
Nguyen 2008'° N N _ N N 4
Nguyen 2013%° N \/ - N N 4
de Sousa Pinto 2014°' - - - N N 2
Tabak 2014 - - N N N 3
Hornikx 201573 - v N N N 4
Cruz 2016** - N N N J 4
Moy 20167 - N N N N 4
Vorrink 20167 - v N N N 4
Bourne 2017% - - - N N 2
Holland 20172 v v N - N 4
Tsai 20177 - - N N N 3
Vasilopoulou 2017%° - - N N N 3
Jolly 20183 - d v \/ N 4
Li 2018° - - - N N )
Wootton 2018 - N N N N 4
Hansen 2020%** - - ~ N N 3
Jiang 2020%° - - _ N N N
Jiménez-Reguera 2020%¢ N - N N 3
Lahham 202037 N N N N N 5
Park 202038 - N N N N 4
Bi 2021%° - - - N N )
Cerdan-de-Las-Heras 2022* - v - N N 3
Galdiz 2021* - - N N N 3
Wang 2021% - - - N N )
Loeckx 2023* - N N N N 4
Polo 2023% - - - N N )
Spielmanns 2023* - v N N N 4
Zanaboni 2023 - v - N N 3
Stenlund 2024% - N N N N 4

using positive vector scales, respectively. In the network diagram of 6WMD outcome measures, the circles representing
conventional care and telephone intervention are the largest, indicating the highest sample sizes. The thickest line connecting

these two groups signifies the greatest number of comparative studies between them. For more details, see Supplementary
Figure 1.

Comparative Effectiveness of Types of Remote-Exercise Interventions
Exercise Function (6MWD)

The exercise function indicators included in the study were analyzed, and the nodal analysis model showed P= 0.8920 for
the 6MWD indicator; the inconsistency test was also carried out using the node splitting method, and the results showed
good consistency (all P-values > 0.05), which indicated that the results of the direct and indirect comparisons were
consistent, and therefore the consistency model was used for the analysis. Direct results indicate that in terms of exercise
function, encompassing 21 studies and 1,382 participants, Remote device and Exercise (SMD 0.51, 95% CI: 0.10-0.93)
demonstrated a significant improvement in exercise function compared with Usual care (P < 0.05), and the two-by-two

comparisons of the remaining exercise interventions were not significant (P > 0.05).
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Figure 2 Risk of bias of the included studies.
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Figure 3 Summary of risk of bias of the included studies.
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Notes: “—” is high risk; “?” is risk unclear; “+” is low risk.

Exercise Behavior

For the exercise behavior indicators, the nodal analysis model showed P= 0.5059 for the daily steps indicator and P=
0.4351 for the daily activity time indicator; the inconsistency test was also conducted using the node splitting method and
the results showed good agreement (P value > 0.05 for both), which indicated that the results of the direct and indirect
comparisons were consistent, and therefore the consistency model was used for the analysis. Direct results indicate that,
encompassing 10 studies and 527 participants, Online self-management & Exercise (SMD 0.48, 95% CI: 0.08-0.88)
demonstrated a statistically significant improvement in daily step count compared with usual care (P < 0.05), and the
two-by-two comparisons for the remaining exercise interventions were not significant (P > 0.05).

Quality of Life

Quality of Healthy Life (symptoms/problems) was analyzed and the nodal analysis model showed a P=0.6351 for the Quality
of Healthy Life indicator; inconsistency test was also conducted using the node splitting method and the results showed good
agreement (all P-values > 0.05), which indicates that the results of the direct and indirect comparisons are consistent, so
a consistency model was used for the analysis. Direct results indicate that on negative symptom scales, encompassing 19
studies and 2,072 participants, Application & Exercise (SMD —0.67, 95% CI: —1.05 - —0.29) and Telephone & Exercise (SMD
—0.57, 95% CI: —0.94 - —0.21) demonstrated greater efficacy than Usual Care in improving patients’ quality of life (P < 0.05).
No significant differences were observed in pairwise comparisons between the remaining exercise interventions (P > 0.05).
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Quality of life (function/health) was analyzed, and the nodal analysis model showed a quality of life indicator of P =
0.8912; the inconsistency test was also performed using the node splitting method, and the results showed good
consistency (all P values > 0.05), which indicated that the results of the direct and indirect comparisons were consistent,
and so the consistency model was used for the analysis. Direct results indicate that, in terms of positive scales
encompassing 11 studies and 1,084 participants, no exercise intervention demonstrated a statistically significant improve-
ment in quality of life compared with usual care (P > 0.05). Furthermore, pairwise comparisons between the remaining

exercise interventions revealed no statistically significant differences (P > 0.05). As shown in Figure 4.
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Figure 4 Forest plot of direct meta-analysis for various outcome indicators of different exercise interventions.
Notes: The horizontal coordinates represent 95% Cl and the blue dashed line is the null line; if a short line parallel to the horizontal coordinates in the figure intersects the

null line, it means that the result is not significant.
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SUCRA Probability Ranking Results

The SUCRA metric is used to rank the efficacy of each remote-exercise intervention, and the numbers in the graph
represent the area under the SUCRA curve, with a larger area indicating a more effective one for that exercise type.

The results showed that the cumulative probability of improvement in exercise function was ranked in order: Remote
device and Exercise (81.8%) > Online self-management and Exercise (72.7%) > Telephone & Exercise (63.8%) > Face-
to-Face Pulmonary Rehabilitation (51.5%) > Application & Exercise (41.2%) > Videoconference & Exercise (40.1%) >
Usual care (18.9%).

The cumulative probability of an increase in exercise behavior (daily step) was ranked in order: Telephone & Exercise
(90.7%) > Face-to-Face Pulmonary Rehabilitation (58.4%) > Application & Exercise (51.3%) > Videoconference &
Exercise (40.3%) > Usual care (39.1%) > Remote device and Exercise (20.2%); The cumulative probability of an
increase in physical activity (daily activity time) was ranked in order: Online self-management and Exercise (90.1%) >
Telephone & Exercise (51.1%) > Application & Exercise (47.2%) > Usual care (11.5%).

The cumulative probability of improvement in quality of life (symptoms/problems) was ranked in order: Application
& Exercise (81.1%) > Videoconference & Exercise (71.2%) > Telephone & Exercise (70.6%) > Face-to-Face Pulmonary
Rehabilitation (58.9%) > Remote device and Exercise (57.4%) > Online self-management and Exercise (27.1%) > Usual
care (13.1%); The cumulative probability of improvement in quality of life (functioning/health) is ranked in order: Face-
to-Face Pulmonary Rehabilitation (78.0%) > Videoconference & Exercise (72.1%) > Online self-management and
Exercise (57.9%) > Application & Exercise (53.5%) > Remote device and Exercise (47.7%) > Telephone & Exercise
(26.9%) > Usual care (13.9%). As shown in Figure 5.

Ring Inconsistency Test Results

The existence of both direct and indirect comparisons for all exercise types is known as 1 closed loop. For exercise
function, a total of 7 closed loops were formed in the studies we included, with insufficient factor (IF) ranging from 0.103
to 0.608; for exercise behavior, 1 closed loop was formed for the number of steps per day and the duration of activity,
with IF of 0.337 and 0.267, respectively; a total of 5 closed loops were formed for the evaluation of negative quality of
life, with IF ranging from 0.079 to 0.722; and 1 closed loop was formed for the evaluation of positive quality of life, with
IF of 0.062. The confidence intervals of the above closed loops all contained 0, suggesting that there was no significant
inconsistency among the indicators. Results of the inconsistency test for different remote exercise interventions are
provided in the Supplementary Table 1.

Meta-Analysis Results of Different Behavioral Aids

Behavioral aids were used in all the included studies. Therefore, Meta-analysis of different behavioral aids was
conducted to find effective behavioral aids. The network evidence maps showed that for each outcome indicator, the
sample with Goal setting + Activity monitor/Pedometer + Motivation & Feedback + Health education (GAPMFH),
Motivation & Feedback + Health education (MFH) in direct comparison with usual care, for more details, see
Supplementary Figure 2; overall, local and ring inconsistency tests (except for the absence of a closed ring revealed

no significant inconsistencies between indicators, details are provided in the Supplementary Table 2. Meta-analysis

results indicate that compared with usual care, Motivation & Feedback + Health education (MFH) demonstrated
significant superiority in improving 6-week mean difference (WMD) (20 studies, 1,343 participants) (SMD 0.63, 95%
CI: 0.13-1.13) Motivational Interviewing + Goal Setting + Activity Monitor/Pedometer + Health Education (MiGAPH)
demonstrated significant superiority in increasing patients’ daily activity duration (10 studies, 527 participants) (SMD
0.59, 95% CI: 0.15-1.02). Motivation & Feedback + Health education (MFH) effectively improved patients’ negative
quality of life scores (SMD—0.66, 95% CI. —1.08-—0.25) (16 studies, 1,713 participants). However, none of the
behavioral intervention types significantly improved patients’ daily step count or positive quality of life scores, see
Figure 6. The SUCRA probability ranking results showed that the behavioral aid with the highest cumulative probability
of improving exercise function was Motivation & Feedback + Health education (MFH, 88.3%); the behavioral aids with
the highest cumulative probability of increasing the number of steps per day and the duration of activity were both
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self-management & Exercise; FtFPR, Face-to-Face Pulmonary Rehabilitation; Se, Self-exercise.
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Figure 6 Forest plot of direct meta-analysis for various outcome indicators of different behavioral assistance measures.

Abbreviations: Uc, Usual care; GAPMFH, Goal setting + Activity monitor/Pedometer + Motivation & Feedback + Health education; APMFH, Activity monitor/Pedometer
+ Motivation & Feedback + Health education; MiGAPH, Motivational interviewing + Goal setting + Activity monitor/Pedometer + Health education; GMFH, Goal setting +
Motivation & Feedback + Health education; GH, Goal setting + Health education; MFH, Motivation & Feedback + Health education; MiGAPMFH, Motivational interviewing +
Goal setting + Activity monitor/Pedometer + Motivation & Feedback + Health education; APH, Activity monitor/Pedometer + Health education; AP, Activity monitor/
Pedometer.
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Motivational interviewing + Goal setting + Activity monitor/Pedometer + Health education (MiGAPH), 86.9% and
97.6%, respectively; in terms of quality of life, the behavioral aids with the highest cumulative probability of improve-
ment in both negative and positive scores were Motivation & Feedback + Health education (MFH, 88.3%). Behavioral
aids were Motivation & Feedback + Health education (MFH, 87.0%) and Goal setting + Motivation & Feedback +
Health education (GMFH, 71.6%) for quality of life, respectively, as shown in Figure 7.

Publishing Biased Evaluation

Based on the different outcome indicators, we plotted separate funnel plots to detect the presence of publication bias.
Among the different remote exercise measures, it can be seen from the funnel plots that the distribution of scattered
points within the ranges of exercise function, exercise behavior and quality of life (positive scale) is basically
symmetrical, suggesting that there is a small possibility of publication bias and small sample effect in the literature;
the funnel plots of quality of life (negative scale) have poor symmetry on both sides and some points are scattered,

suggesting that there may be publication bias and small sample effect. See Supplementary Figure 3.

Among the different behavioral aids, the distribution of scattered points within the range of exercise behavior and
quality of life (positive scale) was basically symmetrical, suggesting that the literature is less likely to have
a publication bias and a small sample effect; the funnel plots of exercise functioning and quality of life (negative
scale) had poor symmetry on both sides of the funnel graphs and some scattered points, suggesting that there may be
a publication bias and a small sample effect. See Supplementary Figure 4. In addition, we conducted a sensitivity

analysis using a stepwise exclusion method for the 29 included studies based on different outcome measures. The
results demonstrated that the network meta-analysis findings for the primary outcome (6WMD) and the cumulative
ranking results remained largely unchanged after sequentially excluding included studies, indicating a degree of
robustness in the results.

Discussion

Different Remote Exercise Interventions

This is believed to be the first systematic review and network meta-analysis to analyze the comparative effectiveness of
different remote-exercise interventions for patients with COPD. Overall, all types of remote-exercise interventions
demonstrated comparable or more effective outcomes than face-to-face traditional rehabilitation in improving exercise
function, exercise behavior levels and quality of life in COPD patients. However, our findings suggest that the magnitude
of intervention effect on outcomes varies by outcome indicator. Remote device and Exercise was more effective than
other control treatments and other exercise intervention types in improving exercise function. Telephone & Exercise and
Online self-management and Exercise were more effective in improving the exercise behavior levels, while Application
& Exercise was more helpful in improving quality of life. In addition, our study found that almost all remote-exercise
interventions incorporated health education as a behavioral adjunct. Therefore, we considered the impact of behavioral
adjuncts on outcomes. The results suggest that the effectiveness of remote-exercise interventions is not only dependent
on the choice of technical means but also closely related to the degree of integration of behavioral adjuncts. Motivation
and feedback combined with health education was effective in improving exercise capacity and quality of life, whereas
the combination of motivational interviewing, goal setting, activity monitors and health education (MiGAPH) performed
optimally in exercise behavior promotion. However, the limited number of studies included and potential risks of bias
may have reduced our statistical power and test effectiveness.

. . . . 1548
In contrast to previous systematic review studies >

that pooled all telemobility interventions together or included
only one teletechnique, our study integrates all available randomized evidence on the effectiveness of telemobility
interventions on exercise function, behavior, and quality of life, building on and expanding the current understanding of
the effectiveness of telemobility interventions. Integrating direct and indirect comparisons allows us to clarify compar-
isons between different interventions and rank the effectiveness of different treatments according to their individual

outcome components, which provides more useful information for patient and practitioner decision-making.
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Figure 7 Cumulative probability rank of different behavioral aids.

Notes: The area under the fold line represents the level of efficacy of behavioral aids. The horizontal coordinate is the value of the random variable and the vertical
coordinate is the corresponding cumulative probability (%).

Abbreviations: Uc, Usual care; GAPMFH, Goal setting + Activity monitor/Pedometer + Motivation & Feedback + Health education; APMFH, Activity monitor/Pedometer
+ Motivation & Feedback + Health education; MiGAPH, Motivational interviewing + Goal setting + Activity monitor/Pedometer + Health education; GMFH, Goal setting +
Motivation & Feedback + Health education; GH, Goal setting + Health education; MFH, Motivation & Feedback + Health education; MiGAPMFH, Motivational interviewing +
Goal setting + Activity monitor/Pedometer + Motivation & Feedback + Health education; APH, Activity monitor/Pedometer + Health education; AP, Activity monitor/
Pedometer.
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The main findings support the recommended interventions reported in the most recently published guidelines, which
suggest home-based rehabilitation mediated by remote-technology for patients with COPD in order to improve patients’
function and healthy quality of life. Nonetheless, this review provides some guidance on which interventions may be
most effective, especially when focusing on different outcome metrics. The 6-minute walk distance is an important
metric for assessing exercise function in patients with COPD and is one of the most commonly used outcome evaluation
metrics for studies in the category of exercise interventions for patients with COPD.* Remote device-based exercise
interventions had the most significant effect on exercise function improvement in our study, demonstrating the beneficial
effect of real-time monitoring. However, most previous studies have only incorporated 6MWD as an indicator of effect
evaluation in the motor domain, ignoring the fact that the benefits of motor interventions are predicated on the production
of real behaviors. A recent omnibus review’” reported that remote-exercise interventions helped to improve exercise
function in patients with COPD but were not significant for improvements in objective physical activity. Our study may
explain, in part, that different teletechniques lead to heterogeneity in outcome effects. From the results of our study,
Telephone & Exercise and Online self-management and Exercise were optimal in terms of daily steps and daily activity
time, respectively.

In addition, the included studies all used a variety of behavioral interventions, including Motivational interviewing, Goal
setting, Activity monitor/Pedometer, Motivation & Feedback, and Health education, which we refer to as behavioral adjuncts
to distinguish the primary role of the tele-intervention. Each study used at least two or more behavioral adjuncts, which may be
one of the reasons for the heterogeneity in the effects of the remote-exercise intervention. Similar to the Paixdo et al study,”’
our study did not assess the quality of implementation of behavior change interventions, but only their presence or absence.
The results of the meta-analysis showed that the addition of behavioral adjuncts was significant in improving outcomes
compared with usual care, in particular, the combined behavioral intervention of motivational interviewing combined with
goal setting, activity monitoring and health education (MiGAPH) had a high cumulative probability of improvement in daily
steps and activity time of 86.9% and 97.6%. However, this is in contrast to the findings of Hanrahan et al>* that behavioral
interventions do not improve physical activity in patients with COPD, which did not incorporate remote-technology. The
heterogeneity of the two results suggests some synergy between remote technology and behavioral intervention strategies, as
the latter did not include consideration of the effects of remote technology.

Clinical Application Guidelines

Clinicians may use the results of our meta-analysis to improve access to digital healthcare for COPD patients. Remote
device and Exercise, Telephone & Exercise, Online self-management and Exercise, and Application & Exercise were
found to be more effective than other types of tele-exercise in improving exercise function, exercise behavior, and
healthy quality of life, respectively. Behavioral aids intervention may have an integrative effect. These two points are
critical, especially as evidence grows that tele-digital health is cost-effective and improves access to care.” Firstly,
exercise management teams can use remote device interventions (eg, wearable monitoring devices combined with
personalized exercise programs) as the preferred option for COPD patients to improve their exercise capacity, tracking
daily exercise and 6WMD in real time and adjusting the intensity of training through remote monitoring systems.
Secondly, the design of exercise management programs should be combined with behavioral interventions, such as the
development of an official COPD management app that integrates goal-setting, pedometer feedback and health education,
or the addition of motivational interviews and goal-setting for patients with poor behavioral levels. In addition, telephone
interventions can be a low-cost and efficient alternative for areas where healthcare resources are scarce, eg, rehabilitation
staff guiding patients through breathing exercises and walking programmes through regular telephone follow-ups.

Advantages and Limitations

Some of the strengths of this review include a comprehensive systematic review approach that follows the Cochrane
Handbook and PRISMA-NMA reporting guidelines.'®>* It used comprehensive searches, robust selection criteria and
a detailed data extraction process. The large number of included trials increased generalizability and provided a dense,
well-connected network for analysis; differences between protocols and reviews were transparently reported, as well as
an assessment of the transferability of all grids, with some value as a guide to clinical practice. However, our findings are
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constrained by limitations in the quality of included evidence and sample sizes. Due to the risk of bias within studies and
the absence of blinding, no trials demonstrated an overall low risk of bias. Furthermore, publication bias may exist for
certain outcome measures, such as quality of life (negative scale), thereby reducing the credibility of the available
evidence. Secondly, despite exploring different intervention characteristics, unexplained heterogeneity persists due to
inadequate descriptions of intervention components (eg, frequency, dosage, duration, and intensity) and the specific
definition of remote rehabilitation. Incomplete data precluded comparative analysis of minimum clinically important
differences (MCIDs). Future studies should standardize outcome measures to conduct MCID effect analyses, thereby
clarifying clinically significant practice effects. It should also be noted that there appears to be an invisible risk of
population bias, with most of the included studies coming from high-income countries, and that our results may be
confounded with other factors associated with the higher socioeconomic status of these patient groups (eg, healthcare
access), potentially affecting the interpretability and generalizability of our results. Future studies should adhere to
rigorous reporting guidelines, especially as telemedicine or remote interventions become increasingly important.
Standardized methods should be used in describing intervention components for better clarity and replicability.

Conclusions

Our analysis confirms that different types of remote exercise rehabilitation yield varying optimal effects on distinct
outcomes such as exercise function, exercise behavior, and quality of life in COPD patients. Furthermore, incorporating
behavioral support strategies demonstrates a supplementary effect in improving these outcomes. These findings reaffirm
the necessity of personalized rehabilitation Programs. It is recommended that clinicians select remote exercise modalities
and behavioral support strategies based on individual characteristics, establish personalized rehabilitation goals, and
provide patients with long-term, effective home-based exercise. However, the optimal combination of these two
interventions requires further development and validation in future research. It is recommended that subsequent high-
quality, multicenter, large-sample RCTs be conducted to verify these findings. Finally, due to limitations in the number of
included studies, risk of bias, heterogeneity in intervention combinations, and indirect evidence comparisons, the
conclusions of this study should be interpreted and applied with caution.

Abbreviations

COPD, Chronic Obstructive Pulmonary Disease; 6MWD, 6-minute walk test; CRQ, Chronic Respiratory Questionnaire;
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Health Survey; CAT, COPD Assessment Test.
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