JMIR MHEALTH AND UHEALTH Prawesti et al

Review

Effectiveness of Mobile Health-Based Self-Management
Programs on Health-Related Outcomes in Patients With
Chronic Obstructive Pulmonary Disease: Systematic Review
and Meta-Analysis

Galuh Nawang Prawesti'?, MClinPharm; Pinyi Lo'?, MS; Made Ary Sarasmita'#, MClinPharm, PhD; Hsiang Yin
Chen!?, MS, PharmD

lDepartment of Clinical Pharmacy, School of Pharmacy, College of Pharmacy, Taipei Medical University, Taipei, Taiwan

2Department of Clinical and Community Pharmacy, Faculty of Pharmacy, Widya Mandala Surabaya Catholic University, Surabaya, Indonesia
3 Department of Pharmacy, Shuang Ho Hospital, Taipei Medical University, Taipei, Taiwan

4Program Study of Pharmacy, Faculty of Mathematics and Science, Udayana University, Badung, Indonesia

3 Department of Pharmacy, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan

Corresponding Author:

Hsiang Yin Chen, MS, PharmD

Department of Clinical Pharmacy, School of Pharmacy
College of Pharmacy, Taipei Medical University
No.301, Yuantong Road, Zhonghe District

Taipei 235

Taiwan

Phone: 886 2-2736-1661 ext 6175

Email: shawn@tmu.edu.tw

Abstract

Background: The progression of chronic obstructive pulmonary disease (COPD) leads to increased morbidity and mortality,
emphasizing the need for effective self-management. Challenges such as accessibility, cost, and patient engagement hinder
self-management efforts, underscoring the need for evidence-based mobile health (mHealth) interventions.

Objective: This meta-analysis evaluated randomized controlled trials (RCTs) on the effectiveness of mHealth self-manage-
ment programs for COPD, focusing on the modified Medical Research Council (mnMRC) dyspnea scale, the 6-minute walking
test (6GMWT), and the St. George’s Respiratory Questionnaire (SGRQ) score. The secondary outcomes include quality-adjusted
life years and costs as economic outcomes; exacerbation, hospitalization, and emergency room and clinic visits as clinical
outcomes; and self-efficacy as a humanistic outcome.

Methods: The inclusion criteria encompassed RCTs involving patients with COPD aged 18 years and older, comparing
mHealth-based self-management programs to non-mHealth interventions, with outcomes measured using the mMRC dyspnea
scale, 6BMWT, and SGRQ score. Exclusion criteria included observational studies, reviews, qualitative research, protocols,
and non-English publications. A comprehensive search was conducted across PubMed, Embase, CINAHL, Web of Science,
Cochrane, and Scopus using predefined keywords and MeSH terms for studies published between January 2015 and September
2024. The risk of bias was assessed using the Cochrane Risk-of-Bias 2 tool. Data extraction encompassed study characteristics,
interventions, comparators, and outcomes. Meta-analyses were performed for outcomes reported in at least 3 RCTs using R
software (version 4.2.2; R Foundation for Statistical Computing).

Results: This systematic review included 36 RCTs from diverse geographical regions, encompassing 5606 patients. The
meta-analysis revealed significant improvements in the mMRC dyspnea scale (mean difference —0.65, 95% CI —1.14 to —0.16;
P=.02) and 6MWT (mean difference 25.96 m, 95% CI 10.05 m to 41.87 m; P=.004) in the mHealth intervention group
compared to controls. However, no statistical significance was observed in the SGRQ total score (mean difference —3.56, 95%
CI -7.39 to 0.27; P=.07). A total of 2 studies reported economic results, with a possible statistically significant decrease in the
mean cost per patient (€3547 vs €4831 [US $4118.4 vs US $5609.24]; P=.01), but no statistically significant difference in
quality-adjusted life years (0.485 vs 0.491; P=.73). A total of 5 studies reported substantial reductions in hospital admissions.
Additionally, 1 study each reported significant improvements in time to first readmission for COPD exacerbations, clinic visits,
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mortality rates, and exacerbation frequencies. A single study reported a significant improvement in self-efficacy, as measured
by the Pulmonary Rehabilitation Adapted Index of Self-Efficacy scores.

Conclusions: This review supports the Global Initiative for Chronic Obstructive Lung Disease 2025 recommendations,
highlighting mHealth as a supplementary clinical tool requiring patient education, ethical compliance, and informed consent.
Further large-scale studies are needed to refine mHealth tools, ensuring accessibility, long-term safety, and effectiveness across
diverse populations and outcome domains.

Trial Registration: PROSPERO CRD42020181157; https://www .crd.york.ac.uk/PROSPERO/view/CRD42020181157

JMIR Mhealth Uhealth 2025;13:e74967; doi: 10.2196/74967
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Introduction

Increasing attention to the potential approach for self-man-
agement has highlighted the role of digital intervention for
people with chronic obstructive pulmonary disease (COPD)
in recent years. The COPD severity and progression cause
morbidity and mortality in patients. Adequate self-care and
self-management play essential roles in a patient’s disease
progression [1]. Delivering self-management programs to
reduce the burden of COPD remains challenging due to
competing demands, time constraints, distance, and costs
[2]. Encouraging patients with COPD to engage in self-man-
agement programs actively has proven difficult [3], due to
limited willingness, experiencing barriers to self-management
[4], a lack of literacy, and low understanding of treatment
[5]. A well-designed strategy for delivering self-management
interventions in patients with COPD is essential to enhance
economic, clinical, and humanistic outcomes (ECHOs) [6,
7]. The application of mHealth self-management is recom-
mended and encouraged by the World Health Organization
(WHO) and the 2025 Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) guidelines [8.,9].

Applying mobile health (mHealth) technologies to patients
with COPD involves real-time monitoring of vital signs and
clinical symptoms [10], as well as patient education, physical
exercise, and pulmonary rehabilitation (PR) [11]. mHealth
self-management interventions can be implemented through
a range of digital tools, including websites, smartphone
apps, telecommunication systems, and wearable devices [3 4,
12]. It offers advantages in reducing transportation barriers
to physical activities, promoting available access to com-
municate with health care providers, and gaining interest
among older adults [13]. mHealth interventions have shown
potential to improve health-related quality of life (QoL) in the
short term (<6 months) [14]. It may promote daily lifestyle
changes, physical activity, and exercise capacity [1,15,16],
and improve dyspnea symptoms with lower costs [10,14,17].
However, other studies found that the pooled effect sizes
for physical function, dyspnea symptoms, and QoL were not
significant [18-20]. Many studies have insufficient results
to establish their longer-term effectiveness [15,21,22]. It is
still unclear how effectively mHealth can improve QoL and
exercise capacity in patients with COPD.

https://mhealth.jmir.org/2025/1/e74967

Technologies are rapidly increasing, and thus it is essential
to identify effective current interventions to help promote
mHealth for COPD self-management. Meta-analyses to date
have used various eligibility criteria, including only trials
with smartphones [18,23,24], excluding trials that involved
health care providers [1], and including trials with vari-
ous study designs and sample characteristics [14,23]. The
effectiveness of mHealth in COPD still needs to be rigor-
ously assessed. In this systematic review, we aimed to update
existing evidence on the effectiveness of mHealth interven-
tions in delivering self-management programs compared to
non-mHealth approaches for patients with COPD, focusing
on health-related outcomes, particularly dyspnea symptoms,
exercise capacity, and QoL.

Methods

Study Design and Search Strategy

This study was performed according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses) 2020 guidelines [25]. It examined RCTs
that compared the effectiveness of mHealth-based self-
management programs with non-mHealth programs for
patients with COPD. The protocol for drafting the system-
atic reviews method was registered in the PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42020181157).

The research questions of this study were derived
according to the PICOS (population, interventions, compara-
tors, outcomes, and study designs) framework [26]. Stud-
ies targeting adults aged 18 years and older with COPD
were included in the analysis with no restriction on race,
ethnicity, geography, or sex to ensure an extensive popula-
tion. The intervention had to include mHealth for COPD
self-management programs. The study comparators contained
non-mHealth interventions, including usual, conventional,
routine, or standard care, written materials, or face-to-face
programs. The desired outcomes for this study were the
modified Medical Research Council (nMRC) Dyspnea Scale,
exercise capacity according to the 6-minute walking test
(6MWT), and health-related QoL by St. George’s Respiratory
Questionnaire (SGRQ) score in RCT designs. Only studies
in English were included. Observational studies, reviews,
qualitative research, and protocols were excluded.
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A bibliographic search was conducted to identify relevant
original articles using electronic database systems, including
PubMed, Ovid Medline, Embase, CINAHL, Web of Science
Collection, Cochrane Database, and Scopus. The search
strategy was designed, and a database search was performed
in October 2024 (see Checklist 1for the PRISMA [Preferred
Reporting Items for Systematic Reviews and Meta-Analyses]
2020 checklist). The terms included in the search strategy
used Medical Subject Headings (MeSH) terms, Boolean
operators, and a filter publication type “randomized control-
led trials,” with the main keywords in the query box of
“chronic obstructive pulmonary disease (COPD),” “mobile
health,” and “self-management.” For full search strategies,
refer to Multimedia Appendix 1. The search covered all
data from January 2015 to September 30, 2024. mHealth,
as defined by the WHO, is a medical and public health
practice supported by mobile devices, such as mobile phones,
patient monitoring devices, personal digital assistants, and
other wireless devices [27].

Screening Process of the Studies

A standardized identification and screening process was
applied to ensure that all eligible RCTs were included.
Three authors (GNP, PL, and MAS) independently screened
relevant studies based on their titles and abstracts and
assessed full-text articles to ensure they met the eligibility
criteria. Any unclear or missing information was sought
through contacting the corresponding authors via email. The
results of each screening round were compared and reviewed
until a consensus was reached. The studies were catego-
rized based on their characteristics, such as the geographic
distribution, types of mHealth intervention, involvement of
health care professionals, etc. The corresponding author was
involved in the discussion of any discrepancy until agreement
was reached.

Risk-of-Bias and Publication Bias
Assessments

The quality of the included studies was assessed using
the Cochrane Collaboration’s Risk-of-Bias tool for RCTs
(version 2.0) [28] to evaluate bias arising from the randomiza-
tion process, deviations from intended interventions, missing
outcome data, measurement of the outcome, or selection of
the reported results. Each domain was rated as “low risk of
bias,” “some concerns,” or “high risk of bias” as reviewed
by the authors. Publication bias across studies was assessed
using a funnel plot and an Egger test for outcomes with a
minimum of 10 studies included [29].

s

Outcome Definition and Data Synthesis

A template was developed to extract relevant data from the
original studies. The authors independently extracted the data,
including the authors’ information, clinical setting, interven-
tion, comparator, sample size, demographics, and types of
study outcomes. The ECHO model was applied to categorize
outcomes. The interconnection of health dimensions may
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lead to some overlap and ambiguity, as some tools (eg,
Patient Health Questionnaire-9 and COPD Assessment Test)
inform both clinical decisions and patient perceptions [30-32].
This paper classified the economic outcomes referred to as
the total medical care costs of treatment options, typically
evaluated in the context of clinical or humanistic results
(eg, cost, quality-adjusted life year [QALY], and cost-utility
analysis). Clinical outcomes in this study represented health
events arising from the disease or its treatment (eg, hospital
admission, emergency room [ER] visit, and exacerbation),
while humanistic outcomes captured functional status or
quality of life assessed through self-reported measures (eg,
36-Item Short Form Health Survey and EQ-5D [EuroQol
5-Dimensions]) [7].

Studies reporting dyspnea symptoms using the mMRC
Dyspnea Scale, exercise capacity using the 6MWT, and
the total score from reported QoL using the COPD-specific
questionnaire of the SGRQ as primary outcomes were pooled
using a random effects model. Economic (QALY's and costs),
clinical (exacerbation, hospitalization, ER and clinic visits,
and mortality), and other humanistic outcomes (self-efficacy)
as the secondary outcomes were descriptively reported.

A meta-analysis was conducted for any of the outcomes
that were reported in 3 or more RCTs [6]. Results of
the expected outcomes were converted to effect sizes, and
point estimates were reported, such as mean, SD, SE,
and mean difference in both the intervention and control
groups. Statistical significance was defined as P<.05, and
sensitivity analysis was conducted to assess the robustness
of the primary outcomes. Heterogeneity was identified by
I statistics, with high heterogeneity interpreted for those
studies with values exceeding 50% [33]. Hedges g, a variation
of Cohen d for correcting possible bias, was used as the
standardized effect size [34]. Subgroups based on mHealth
type, sample size, duration of intervention, geographic
distribution, comparator, setting, and sex proportion were
subjected to parallel meta-regression in order to identify
the sources of heterogeneity in the patient primary out-
comes. Subgroup cutoffs for sample size and sex propor-
tion were defined using the median values: 106 (IQR 102;
range 72.5-174.5) patients and 62.75% (IQR 20.63; range
57.15-77.76) male. Analyses were performed with R software
(version 4.2.2; R Foundation for Statistical Computing) along
with the packages meta (version 7.0.0) and metafor (version
4.6.0) [35-37].

Results

Search Results

The initial search of the electronic databases yielded 3136
articles. After deleting duplicates and screening the titles and
abstracts, 130 full-text articles were assessed, resulting in 36
studies [38-73] deemed eligible to be included in the review
(see Figure 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram. mHealth: mobile health; RCT:

randomized controlled trial.

Identification of studies via databases and registers

Records identified from electronic databases (n=3136):
PubMed (n=314), Ovid Medline (n=213), Embase
(n=578), CINAHL (n=426), Web of Science (n=312),
Cochrane Database (n=691), and Scopus (n=602)

Records removed before screening:
Duplicate records removed (n=1226)
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Study Characteristics

This systematic review included 36 trials. Figure 2 shows the
geographic distribution of the studies, with 19 studies from
Europe [38-56], 10 studies from Asia and Australia [57-66],
and 7 studies from the United States and Canada [67-73].
The most significant number of studies was published in
2017 (8 studies [42-44,55,59,64,65,68]), and the least was
in 2019 (1 study [41]). There were 5606 patients involved in

these studies, 3774 (67%) of whom were men. Most RCTs
were conducted on a relatively small number of patients,
with 26 studies [39-42,47,48,50,51,53-59,61-66,68-70,72,73]
recruiting fewer than 100 patients in each group. Mainly,
the experiment settings were programmed as home-based
services encompassing 31/36 studies (86%; see Figure S1 in
Multimedia Appendix 2).

Figure 2. Distribution of chronic obstructive pulmonary disease mobile health studies based on the region and reported outcomes.
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(22/36, 61%) of studies used web-based and computer-
based interventions, such as websites, video conferences,
social media, and electronic diaries, which were connec-
ted to a television or tablet [38,41-4549-52,55,57-59.,64,
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67-73]. The clinical devices used included a pulse oxi-
meter, pedometer, spirometer, pulse wave monitor, and
a biometric sensor equipped with an alert system or
electronic health records. Most studies were categorized
as mHealth-based self-management with educational and
motivational materials, physical activities, rehabilitation
programs, symptom recording, feedback, and support. A
detailed summary of intervention components (eg, educa-
tion, monitoring, and feedback) for each study is available
in the Table S1 in Multimedia Appendix 2 [38-64,66-73].
Most studies (31/36, 86%) used control groups that received
usual or conventional care [38,40-43,70,71,73], with slight
differences in whether a study applied PR or not (see Figure
S1 in Multimedia Appendix 2).

Involvement of Health Care Professionals

Health care providers played roles in delivering, assess-
ing, and evaluating the self-management programs. Overall,
13 of 36 studies (36%) reviewed were delivered

Table 1. Characteristics of included randomized controlled trials (n=36).

Prawesti et al

by physiotherapists [38-40,42,50,51,53,55,56,59,61,64-66],
while proportions of treatment delivered by physicians
[43-45,52,67-69,71,73] and nurses [41,46,54,57,58,60,62,
70] were almost the same at 9/36 studies (25%; Fig-
ure S1 in Multimedia Appendix 2). Only 6 studies
involved health care providers’ in-home visits or monitor-
ing [43,4548,52,59,65], while 9 studies included smok-
ing cessation programs [4243,4647,59,62,63,72,73] and
9 studies focused on breathing techniques [42,43,49,54,57,
59,61,70,73]. Most studies were categorized as PR and
consisted of physical exercises and walking tests, inhaler
use, health coaching, and education. A total of 29 trials
provided patients the ability to enter data related to COPD
symptoms, clinical signs, and amount of exercise activi-
ties by themselves or receive feedback from health care
professionals or educators [39-41,43-49,51-53,55,58-61,63-
73]. Detailed characteristics of the included studies are
listed in Table 1.

Duration
(intervention;
Author, year Country Intervention study) Sample size, n Study outcomes (ECHO?)
IGP CG®
Web-based and computer-based programs
Arbillaga-Etxarri et al Spain Web-based exercise via phone 12 months; 12 132 148 Exercise capacity, exacerbation,
[38],2018 call and text message. months QoLd, and dyspnea.
Benzo et al [70], 2021 The United Web-based PR® via tablet, activity 2 months; 72 74 Adherence, QoL, and self-
States monitor, and pulse oximeter. management.
6 months
Benzo et al [71], 2022 The United Web-based PR via tablet, activity 3 months; 188 187 QoL, self-management, daily
States monitor, and pulse oximeter. 3 months physical activity, anxiety, and
dyspnea.
Boer et al [41],2019 The Netherlands Web-based program with a 12 months; 43 44 Exacerbation, QoL, and self-
touchscreen mobile phone. 12 months efficacy.
Bourne et al [42],2017 The United Web-based PR. 1.5 months; 64 26 Exercise capacity, QoL, and
Kingdom 1.5 months dyspnea.
Chan et al [57],2016 Taiwan Computer-based breathing 3 months; 36 35 Self-efficacy and QoL.
technique education.
3 months
Farmer et al [43], 2017 The United Computer-based program with 12 months; 110 56 QoL, hospitalization, death,
Kingdom Bluetooth-enabled pulse oximeter exacerbation, and cost.
. 12 months
and videos.
Ho et al [58],2016 Taiwan Telemonitoring program with 2 months; 53 53 Rehospitalization
clinical devices and an online
. 6 months
diary.
Kessler et al [49], 2018 France Web-based program and 12 months; 157 162 Hospitalization, exacerbation,
telephone. 12 months exercise capacity, and QoL.
Moy et al [67],2016 The United Web-based walking program with 4 months; 154 84 QoL, daily steps, and dyspnea.
States an automated pedometer.
12 months
Rixon et al [44],2017 The United Home-based telemonitoring with 4 months; 334 244 QoL
Kingdom clinical devices. 12 months
Robinson et al [72],2021  The United Web-based self-management and 6 months; 75 78 Exercise capacity, physical
States a pedometer. 6 months activity, QoL, dyspnea, and
knowledge.
Saleh et al [50], 2023 Norway Telemedicine video consultation 2 weeks; 57 57 Readmission, QoL, anxiety, and
via tablet with a web camera and 12 months depression.

microphone.
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and environmental alerts.

Duration
(intervention;
Author, year Country Intervention study) Sample size, n Study outcomes (ECHO?)
IGP CG®

Stamenova et al [73],2020 Canada Computer-based self-monitoring 6 months; 41 40 Self-management, QoL,
program with emails, calls, and 6 months knowledge, exacerbation, and
clinical devices. hospitalization.

Tsai et al [64],2017 Australia Home-based real-time 2 months; 19 17 Lung function, exercise capacity,
te-lerehabilitatio-n using 2 months QoL, and dyspnea.
videoconferencing software.

Vasilopoulou et al [55], Greece Tablet and web-based platform. 2 months; 47 50 Lung function and functional

2017 capacity assessment, physical

14 ths
months activity, QoL, and adherence.
Vianello et al [52], 2016 Italy Home-based telehealth with 12 months; 230 104 QoL, hospitalization, and death.
alarm, website, and phone calls. .
12 months
Walker et al [45],2018 The United Computer-based telemonitoring 9 months; 154 158 Hospitalization, exacerbation, and
Kingdom and an electronic diary. 9 months QoL.
Wan et al [68],2017 The United Web-based educational program, 3 months; 57 52 Daily steps, exercise capacity,
States online community forum, and exercise self-efficacy, QoL, and
3 months
pedometers dyspnea knowledge.
Wan et al [69], 2020 The United Web-based educational program, 3 months; 57 52 Acute exacerbations, daily steps,
States online community forum, and . exercise capacity, exercise self-
15 months .
pedometers. efficacy, and QoL.

Wang et al [59], 2017 China Web-based coaching program 12 months; 55 65 Lung function, QoL, dyspnea, and

with electronic health records and . exercise capacity.

12 months
messages.
Zanaboni et al [51],2023  Norway, Computer-based exercise training 24 months; 40 40 Hospitalization and EDf
Denmark, and at home with videoconference 24 months presentation, exercise capacity,
Australia supervision. dyspnea, QoL, anxiety and
depression, and self-efficacy
Telephone-based program

Holland et al [65], 2017 Australia Home-based PR with structured 2 months; 80 86 Exercise capacity, QoL, and
phone calls. 12 months dyspnea.

Jolly et al [66],2018 The United Telephone-based coaching session 12 months; 289 288 QoL, dyspnea, self-efficacy, and

Kingdom with written materials, a hospitalization.
! 12 months
pedometer, and a diary.

Varas et al [39],2018 Spain Telephone-based exercise 2 months; 21 19 Daily steps, exercise capacity,
program with a pedometer and a 12 months QoL, dysPnea, and number of
diary. exacerbations.

Wootton et al [66],2018 Australia Telephone-based walking 2 months; 49 46 QoL and exercise capacity.
program, pedometers, and a diary. 14 months

Smartphone app-based program

Bi [60], 2021 China Instant communication platform 3 months; 3 100 100 Exercise frequency, QoL, and
with education material and voice months FEV'%
conference

Cerdan-De-las-Heras et al Denmark Mobile app with biometric sensor, 2 months; 8 27 27 Exercise capacity, QoL, anxiety,

[53],2022 video, e-learning packages, and months FEV|, and FVC".
physical training regimens.

Crooks et al [47], 2020 The United Online application with education, 3 months; 3 29 31 QoL, self-efficacy, and

Kingdom self-monitoring, and self- months exacerbation
management functions.

Jiang et al [61], 2020 China Mobile app-based PR with 3 months; 53 53 QoL, self-efficacy, and dyspnea.
modules and chat features.

6 months

Jimenez-Reguera [40], Spain Mobile app-based program with 12 months; 17 19 Treatment adherence, QoL, and

2020 education and online support aid. 12 months exercise capacity.

Loeckx et al [56], 2023 Belgium Semiautomated coaching 6 months; 12 37 36 Physical activity, dyspnea, and
application and step counter. months QoL.

North et al [48], 2020 The United Digital application with 3 months; 3 20 21 QoL, anxiety and depression,

Kingdom education, PR program, video, months hospitalization, and dyspnea.
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Duration
(intervention;
Author, year Country Intervention study) Sample size, n Study outcomes (ECHO?)
IGP CG*
Park et al [63], 2020 South Korea A smartphone app-based program 6 months; 22 20 Dyspnea, exercise capacity, QoL,
with a pedometer, recorder, and self-efficacy, and hospitalization.
. . 6 months
video clips.
Spielmanns et al [54], Germany and App-based exercise training 6 months; 6 33 34 Daily steps, exercise capacity,
2023 Switzerland program and regular telephone months QoL, health status, and
calls exacerbation.
Wang et al [62], 2021 China Mobile app-based program with 12 months; 12 39 39 QoL and self-management
modules months behavior.

#ECHO: economic-clinical-humanistic outcome
YIG: intervention group.

°CG: control group.

dQoL: quality of life.

°PR: pulmonary rehabilitation.

fED: emergency department.

8FEV 1: forced expiratory volume in 1 second.
MEVC: forced vital capacity.

Figure 3 presents the diversity of outcomes and instruments in
studies based on the ECHO model. The majority of studies
reported the clinical domain as the primary or secondary
outcome, which included clinical outcomes (eg, hospital
admission, clinic or ER visits, and mortality), symptom
detection (eg, COPD Assessment Test, dyspnea scale,
Hospital Anxiety and Depression Scale, and exacerbation),

and others. All reported humanistic outcomes were derived
from questionnaire responses or distinctive scales to assess
various parameters (eg, self-efficacy, QoL, and adherence).
Only 2 articles revealed economic outcomes. The numbers in
the brackets illustrate the number of articles that used these
instruments/outcomes, and detailed outcomes are reported in
Tables S3-S5 in Multimedia Appendix 3 [38-64,66-73].

Figure 3. Analysis of outcomes of included studies based on the ECHO model. Other clinical outcomes include BDI-2 (Beck Depression
Inventory-II), COTE (COPD-specific Comorbidity Test), number of exacerbation-free, STAI-6 (Brief State Trait Anxiety Inventory), and UCSD
SOBQ (University of California, San Diego Shortness of Breath Questionnaire). Other humanistic outcomes include BMQ (Belief on Medication
Question naire), BPAQ (Baecke Physical Activity Questionnaire), CAP-FISIO (a respiratory physiotherapy adherence self-report), Exa-Self-efficacy
(Exacerbation-related self-efficacy), MARS (Medication Adherence Rating Scale), MLHRQ (Minnesota Living with Heart Failure Questionnaire),
Morisky Green, PIH (Partners in Health, Self-Manage ment), SCBI (Self-Care Behavior Inventory), SEMCD (Self-Efficacy for Managing Chronic
Disease 6-Item Scale), SF-12 (12-Item Short Form Health Survey), and Stanford SES (Stanford Self-efficacy Scale). BCKQ: Bristol COPD
Knowledge Questionnaire; CAT: COPD Assessment Test; CCQ: Clinical COPD Questionnaire; CRQ: Chronic Respiratory Disease Questionnaire;
CUA: cost-utility analysis; ESWT: endurance shuttle walking test; Exe-self efficacy: exercise self-efficacy; HADS: Hospital Anxiety and Depression
Scale; ISWT: incremental shuttle walk test; PHQ-9: Patient Health Questionnaire scores for each of the 9 Diagnostic and Statistical Manual of Mental

Disorders IV criteria; SF-36: 36-Item Short Form Health Survey.
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Risk-of-Bias and Publication Bias
Assessment

Figure 4 demonstrates the potential risk-of-bias evaluation. A
total of 5 studies were categorized as having low risk, 10 as
having some concerns, and 21 studies as having a high risk
of bias. The most common finding for a high risk of bias
was in the measurement of the outcome and deviations from

Prawesti et al

the domain of the intended interventions. This indicated the
lack of blinding patients, caregivers, the people delivering the
interventions, and the assessors involved. Publication bias is
evident in a funnel plot, and the Egger test of studies included
in the analysis of primary outcomes showed no significant
evidence, supporting the absence of publication bias (see
Figure 4B-D).

Figure 4. Risk-of-bias and publication bias results. (A) Risk-of-bias assessment. (B) Publication bias of studies reporting the modified Medical
Research Council (mMRC) Dyspnea Scale. (C) Publication bias of studies reporting the 6-minute walking test (6MWT). (D) Publication bias of
studies reporting St. George Respiratory Questionnaire (SGRQ) total scores [38-73].
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Figure 5 shows the results from the meta-analysis of dyspnea
symptoms by the mMRC Dyspnea Scale, exercise capacity
by the 6MWT, and QoL by the SGRQ total score. The
pooled mean differences in improvement of the mMRC

https://mhealth.jmir.org/2025/1/e74967

Dyspnea Scale and exercise capacity (6MWT) among patients
receiving mHealth interventions compared to control groups
were —0.65 (95% CI -1.14 to —0.16; P=.02) and 25.96 m
(95% CI 10.05 m to 41.87 m; P<.01), respectively, indicating
a statistically significant effect of the intervention. There was
no statistical difference in the total SGRQ scores between
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the groups (mean difference —3.56, 95% CI -7.39 to 0.27,
P=.07).
Figure 5. Forest plot of studies to observe the effectiveness of mobile health interventions on the (A) mMRC (modified Medical Research Council)

Dyspnea Scale [39,42,48,51,55,59,61,64,71,72], (B) 6MWT (modified Medical Research Council) [38,40,42,43,46,48,49,53,55,59,61,66-68,72], and
(C) the total scores of the SGRQ (St. George Respiratory Questionnaire) [39,40,42,43,46,48.49,53,55,59,61,66-68,72].
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Heterogeneity (I?) exceeded 50% across the studies for the
primary outcomes, implying high variability in effect sizes. A
summary of health-related outcome findings from the studies
reported as the mean (SD) in both groups is described in
Table S6 in Multimedia Appendix 4 [38-64,66-73]. Possi-
ble heterogeneity among studies might have been influenced
by different types of mHealth used in the self-manage-
ment programs, patient severity levels, sample sizes, and
follow-up durations. Sensitivity analysis was conducted using
the leave-one-out method. There are no abnormal values
discovered for the mMRC dyspnea scale and 6MWT score
(see Figures S2-S4 in Multimedia Appendix 5 [38-64,66-
73]). However, the SGRQ total score reveals varying results,
suggesting that the overall effect estimate was sensitive to the
inclusion of Cerdan-De-las-Heras et al [53] with a P=.049
and Kessler et al [49] with a P=.037. The results changed
to statistically significant when these studies were eliminated.
The revised forest plots, excluding this study, are provided in
Figures S5-S7 in Multimedia Appendix 5 [38-64,66-73].

Prawesti et al

Subgroup studies indicated that mMRC might be linked
to computer-based mHealth therapies, those without a PR
comparator, and a home-based setting group. Meanwhile,
6MWT seemed to benefit from interventions in computer-
based mHealth therapies, smaller sample sizes, shorter
durations of intervention, studies conducted in Europe
and Australia, home-based setting, without PR comparator,
and studies with a lower male proportion. Additionally,
a significant improvement in quality of life (SGRQ) was
observed in the shorter-duration and community setting
subgroup. All detailed statistical analysis results can be found
in the Figures S8-S28 in Multimedia Appendix 5 [38-64.,66-
73]. The origins of heterogeneity were further investigated
using meta-regression analysis. The 6MWT was the only
outcome showing significant differences across comparator
subgroups (Table 2 and Figure 6), whereas the mHealth type
showed a borderline effect on the mMRC dyspnea scale. The
complete results of the subgroup analysis can be found in
Table S7 in Multimedia Appendix 5 [38-64,66-73].

Table 2. Summary of main findings and subgroup analyses on the effectiveness of mobile health interventions for modified Medical Research

Council Dyspnea Scale, 6-minute walking test, and St. George Respiratory Questionnaire total score.

Main Meta
Mean difference outcome, P regression,  Effects
Subgroup Number of studies (95% CI) value Heterogeneity P value model
? (%) P value
mMRCK Dyspnea 10 [39,42,48,51,55,59,61,64,71,72] —0.65 (-1.14 to -0.16) 020 92 <.001 /€ Random
Scale
Type of mHealth intervention
Computer 7[42,51,55,59,64,71,72] —0.93 (-1.52 to -0.35) 008> 93 <.001 094 Random
Smartphone app 2 [48,61] 0.02 (-0.72 t0 0.76) 78 0° .65 Random
Telephone 1[39] -0.2 (=052 t0 0.12) 22 / / / _f
Setting
Home-based 8 [48,51,55,59,61,64,71,72] —-0.61 (-1.18 to —0.03) 040 925 <.001 71 Random
Community 2 [3942] —-0.83 (-9.08 to 7.43) 42 93.7 <.001 Random
Hospital-based ~ / / / / / / —f
6MWT$ (meters) 14 [38.,40,42,49,51,53,55,56,59,63,64,66,68, 2596 (10.05t041.87) .004 81 <.001 / Random
72]
Comparator
Usual care 7[38,40,42,51,53,56,63] 16.56 (-2.29t0 35.38) .08 53 05 <001h Random
Without PRI 5 [49,55,59,64,66] 51.19 (3049 to 71.89) 0020 49¢ 10 Random
Written material 2 [68,72] -7.89 (-63.61 to 32 0¢ 53 Random
and a pedometer 47.83)
SGRQj total score 15[39,40,42,43,46,48,49,53,55,59,61,66-68, —3.56(=7.39 to 0.27) 07 91 <.001 / Random
72]
Continent
Asia 2 [59,61] -13.83 (-124.37 to .36 97 <.001 054 Random
96.72)
Australia 1 [66] —6.00 (=10.25 to 006 / / —
-1.75)
Europe 9 [39,40,42,43,46,48,49,53,55] -2.22 (-6.38 to 1.95) 26 87 <.001 Random
North America 3 [67,68,72] -0.36 (-3.73t0 3.01) .69 0¢ .65 Random

4mMRC: modified Medical Research Council.
PThe P value, along with the CI, indicates a statistically significant result.
“Indicates that meta-regression was not performed.

dThe meta-regression results indicate borderline significance for both analyses: P=.09 suggests that the type of mHealth intervention may

moderate its effectiveness on the mMRC Dyspnea Scale, while P=.05 indicates that geographic location (grouped by continent) may influence
the intervention’s effectiveness on St. George Respiratory Questionnaire quality of life.
®Heterogeneity within this subgroup was low, with an 2 value <50%
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"Not available.

86MWT: 6-minute walking test.
"Meta-regression results indicate that the comparator type significantly moderated the effect of mHealth interventions on the 6 MWT outcome

(P<.001).
'PR: pulmonary rehabilitation.

JSGRQ: St. George Respiratory Questionnaire.

Figure 6. Forest plot of subgroup analysis (A) by the type of mobile health on mMRC (modified Medical Research Council) Dyspnea Scale
[39,42,48,51,55,59,61,64,71,72], (B) by the setting on mMRC Dyspnea Scale [39,42.48,51,55,59,61,64,71,72], (C) by the comparator on 6MWT
(6-minute walking test) [38,40,42,49,51,53,55,56,59,63,64,66,68,72], and (D) by the continent on SGRQ (St. George Respiratory Questionnaire) total
score [39,40,42.43,46,48.,49,53,55,59,61,66-68,72].
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Figure 7 shows the secondary economic, clinical, and
humanistic outcomes, which are detailed in Tables S3-S5 in
Multimedia Appendix 3 [38-64,66-73].
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Boumne et al, 2017 16.3000 18,0916 —T 16.30 (-19.161051.76) 62% 37
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Figure 7. Effects of mobile health interventions on other economic, clinical, and humanistic outcomes. COPD: chronic obstructive pulmonary
disease; ER: emergency room; PRAISE: Pulmonary Rehabilitation Adapted Index of Self-Efficacy; QALY: quality-adjusted life year; SEMCD:
Self-Efficacy for Managing Chronic Disease 6-Item Scale; Stanford SES: Stanford Self-Efficacy Scale.
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Economic Secondary Outcomes

A total of 2 economic studies reported costs and QALY
[43,45]. Walker et al [45] reported that the mean cost per
patient in the intervention group was lower than in the control
group, except for the severe or very severe COPD subgroup.
In a comparison of the intervention with the control group,
there was a possible statistically significant decrease in the
mean cost per patient (€3547 vs €4831, US $4118.4 VS US
$5609.24; P=.01), but no statistically significant difference in
QALYs (0485 vs 0.491; P=.73) [45].

Clinical Secondary Outcomes

Figure 7 shows that 11 research articles from the clinical
domain reported hospital admissions using various scale
measures [43,45,46,49-52,55,58,63,73]. The majority of the
assessment scales applied (7 outcomes) generated a signif-
icant reduction in the mHealth-treated group compared to
the control group [45,51,52,55,58]. mHealth also prolonged
the time to first readmission for COPD exacerbation [58].
A total of 3 studies reported mortality, and only 1 showed
a significant decrease in the mortality rate [49]. Among

https://mhealth.jmir.org/2025/1/e74967

Not Significant

12 studies reporting exacerbation [38,39.41,43.45.47-49,54-
56,73], only a single study showed a significant improvement
in exacerbation frequencies for patients who used telerehabili-
tation compared to usual treatment [55].

Humanistic Secondary Outcomes

A total of 9 studies reported data relating to self-efficacy
using the general self-efficacy index, including the PRAISE
[57,64,65], Stanford Self-Efficacy Scale [46], Self-Efficacy
for Managing Chronic Disease 6-Item Scale [63], exer-
cise self-efficacy index [61,68,69], and exacerbation-related
self-efficacy [41]. Only a single study reported a significant
improvement in the PRAISE score in the mHealth treatment
group compared to the control [64].

Discussion

Principal Findings

This systematic review included 36 RCTs from 5 databa-
ses evaluating mHealth interventions’ impact on COPD,
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including clinical, humanistic, and economic outcomes. It
offers a thorough perspective by integrating studies from
various geographical regions, clinical settings, forms of
intervention, types of control groups, the health care provider
involvement, and outcome metrics. mHealth interventions
demonstrated promising results in supporting self-manage-
ment among patients with COPD. They enhance symptom
control and improve exercise capacity, which are key targets
in PR. Improvements in other clinical domains were also
observed, but their economic and humanistic impacts remain
comparatively limited. However, the pooled analysis for
QoL did not demonstrate statistically significant effects,
although some individual study results showed potential.
These findings highlight clinical benefits, including better
access, early symptom detection, fewer hospitalizations,
more sustained exercise, and rehabilitation effects, despite
variations in delivery methods, study sizes, and mHealth
tools.

This review offers a key strength by providing comprehen-
sive data on the global distribution of research on mHealth
interventions and highlighting inequalities in digital infra-
structure for patients with COPD. Most of the studies were
from Europe, the United States, Canada, and, to a lesser
extent, Asia and Australia, indicating that the findings are
broadly applicable to high-income health care settings, with
limited representation from Africa and other regions of
Asia [74-76]. While evidence demonstrated the emerging
potential of digital health interventions, the primary chal-
lenge in resource-limited developing countries is obtaining
sufficient funding for their implementation and long-term
sustainability [77]. Furthermore, there are inequalities in
digital infrastructure, a lack of technical expertise, undevel-
oped regulatory frameworks, and limited implementation
capacity, encompassing technology ownership, privacy, and
security concerns. These are significant obstacles to adopt-
ing digital health in less-developed countries [78,79]. Efforts
to address these challenges should align with the WHO’s
global strategy for digital health, which optimizes data use to
achieve better well-being and sustainable development goals
related to health [9].

This meta-analysis revealed a majority of positive
outcomes observed in the clinical domain. The results appear
to have clinical relevance when compared to the established
minimal clinically important differences for the mMRC
Dyspnea Scale (-0.5 to -1.0 points) and 6MWT (25-33 m)
[80-83]. While previous studies reported contradictory results
regarding dyspnea symptoms and exercise capacity [14,16,
19,20,24], the findings from this meta-analysis demonstra-
ted clear, statistically significant, and clinically meaning-
ful improvements in both measures. Symptom reduction
was identified as a primary treatment goal in the latest
GOLD report, with PR recommended as a nonpharmacolog-
ical intervention to enhance exercise capacity [8]. These
encouraging findings may support the provision of mHealth-
facilitated PR to increase patient access, capacity, uptake, and
clinical effectiveness [84-87].

This review also raised the possibility of favorable critical
clinical outcomes, including decreased hospital admission
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rates, prolonged times to first readmission, reduced mortality
rates, and lower exacerbation frequencies, as evidenced by
several studies [45,49,51,52,55,58]. At the same time, one of
the included studies reported a potential reduction in health
care costs [45]. This observation is in line with the vision
outlined in the WHO global strategy on digital health, which
emphasizes the potential of digitalization to enhance the
efficiency and cost-effectiveness in the health sector, while
supporting innovative business models in service delivery
[9]. Inocencio et al [88] and Stecher et al [89] indicate
that cost reductions result from mechanisms such as remote
monitoring, timely feedback, therapy optimization, improved
adherence, lower hospital admission costs, and exacerba-
tion events. However, robust evidence on the clinical and
economic impacts of mHealth care use remains scarce and
of low quality, underscoring the need for more rigorous and
comprehensive research. While the findings appear favorable,
they must be viewed in light of the study design weaknesses,
particularly the high risk of bias in most included trials.

The GOLD report recognizes self-management as a
strategy to improve QoL, with technological advancements
offering benefits to both patients and health care professio-
nals. Individual studies included in the analysis demonstrated
that patient adherence and the content of the intervention
program influenced the effectiveness of the mHealth-based
self-management program. These are noteworthy factors for
maintaining short-term training advantages over time [39,55,
59,66]. Building on earlier research by Shaw et al [18]
and Janjua et al [90], which reported uncertain outcomes
regarding self-efficacy, our review presents early evidence
that PRAISE scores for self-efficacy may improve, and this
deserves further investigation [64]. According to the study’s
pooled analysis, the SGRQ total score did not show a
significant effect of mHealth treatments for self-management
in patients with COPD. Likewise, the result did not meet
the minimal clinically important differences for the SGRQ
total score, which is 4 units [91,92]. It is generally challeng-
ing to show a substantial improvement in SGRQ scores, as
earlier reviews pointed out [14,19,24,93]. When considerable
effects of QoL are seen, they are typically documented in
studies that used a variety of questionnaires [94] and have
brief observation periods (<6 months) [14]. As a self-reported
tool, the SGRQ score is often influenced by baseline group
characteristics and patient engagement with the intervention
[14,43,46,67,68].

The emergence of digital health technologies in clinical
practice has demonstrated impacts across the ECHO model,
as reflected in numerous studies [45,75,94]. The COPD
mHealth technologies clearly improved clinical outcomes,
including mMRC and 6 MWT. Current mHealth evalu-
ations in COPD lack robust economic data and show
limited humanistic effects. Their multidimensional impact
highlights the need for comprehensive outcome studies in
the future. This reinforces the relevance of the ECHO
model for real-world evaluation, as it captures benefits that
extend beyond symptom reduction, including health care use,
patient experience, and broader system-level value. Consis-
tent with WHO’s Global Strategy on Digital Health, using
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ECHO-based approaches can strengthen decisions on policy
adoption, reimbursement, and scale-up of COPD mHealth
programs [9].

The study’s findings should be interpreted with caution.
The sensitivity analysis revealed that the pooled SGRQ
result was sensitive to the inclusion of individual studies,
particularly Cerddn-De-las-Heras et al [53] and Kessler
et al [49]. This indicates limited robustness of the find-
ings. However, the initial SGRQ forest plot revealed a
borderline significant effect (P=.07), with several individual
studies showing promising trends in favor of the interven-
tion. Furthermore, meta-regression revealed that comparator
type significantly moderated 6MWT outcomes (P<.001),
indicating its influence on observed exercise capacity effects.
Most studies exhibited a high risk of bias, small sample
sizes (<100), and variability in outcome measures, resulting
in high heterogeneity that limited the generalizability of
efficacy findings. Additionally, the majority of interventions
were delivered over a relatively short duration (<6 months),
which may have affected the ability to observe sustained
clinical outcomes. The inability to blind patients, caregivers,
and service providers as a natural aspect of digital health
research [50] led to a high risk of bias in most of the studies
included. In addition, the risk-of-bias assessment relies on
partly subjective tools that depend heavily on the evaluator’s
judgment. The instruments used across studies were also
heterogeneous (eg, 36-Item Short Form Health Survey and
EuroQol-5D to measure quality of life), limiting comparabil-
ity of outcomes between studies. The study’s limitations also
include the absence of mHealth-specific reporting standards
such as the WHO-recommended mHealth Evidence Report-
ing and Assessment checklist [95], as well as the lack
of assessment of app quality [96] and its impact on user
health outcomes. In the future, this represents an opportunity
to conduct studies that adhere to more specific mHealth
reporting and evaluation standards. Overall, there was a
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lack of studies evaluating the broader impacts of mHealth
on COPD, including medication adherence and cost-effective-
ness [97-99].

The safety considerations in the use of mHealth self-
management interventions must also be addressed. Several
potential adverse effects of mHealth interventions include
the misinterpretation of self-reported data, challenges related
to privacy and data security, and the risk of overreliance
on technology, which may delay emergency interventions
[100-103]. Furthermore, excessive dependence on technology
could negatively impact mental health and unintentionally
strain the patient-provider relationship by reducing human
interactions [104]. Therefore, while mHealth offers promis-
ing benefits, it is crucial to address these psychological and
personal aspects in the design of mHealth interventions,
ensuring the support, rather than replacement, of holistic and
balanced health care practices. In addition, future studies
are encouraged to explore long-term interventions to better
understand the sustainable impact of mHealth in patients with
COPD.

Conclusions

Findings of this review align with the GOLD 2025 rec-
ommendation, suggesting that mHealth interventions can
serve as supplementary resources in clinical practice [8].
Their practical implementation necessitates comprehensive
patient education, adherence to ethical guidelines, mainte-
nance of confidentiality, and acquisition of the patient’s
informed consent. Further high-quality, large-scale research
is needed to develop accessible mHealth tools that offer
virtual education and active feedback, use standardized
outcome measures, and are tailored to diverse age groups,
disease severities, and socioeconomic backgrounds. Carefully
designed studies are required to comprehensively evaluate the
efficacy of mHealth across economic, clinical, and humanistic
domains, while also assessing its long-term safety.

Acknowledgments

We gratefully acknowledge the support of the Taipei Medical University Library for helping with the literature search. We also
extend our appreciation to Yu-Cheng Chang, Fang-Yung Chang, and Jen-Kai Cheng for their contributions to the screening
process, statistical consultation, and figure drafting. Generative artificial intelligence was not used in any portion of the
manuscript writing.

Funding

No external financial support or grants were received from any public, commercial, or not-for-profit entities for the research,
authorship, or publication of this article.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors’ Contributions

PL, MAS, and HYC contributed to the conceptualization and methodology process. GNP, PL, and MAS contributed to
data investigation, data curation, software, formal analysis, validation, and visualization. GNP, MAS, and HYC contributed
to writing the original draft, review, and editing. All authors revised and approved the final manuscript. All authors take
responsibility for the accuracy of the contents of the final manuscript.

Conflicts of Interest
None declared.

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 174967 | p. 14

(page number not for citation purposes)


https://mhealth.jmir.org/2025/1/e74967

JMIR MHEALTH AND UHEALTH Prawesti et al

Multimedia Appendix 1

Search strategy.
[DOCX File (Microsoft Word File), 29 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Characteristics of studies using mobile health interventions for patients with chronic obstructive pulmonary disease.
[DOCX File (Microsoft Word File), 133 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Summary of health-related outcomes instruments.
[DOCX File (Microsoft Word File), 42 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Summary of the main findings for health outcomes.
[DOCX File (Microsoft Word File), 24 KB-Multimedia Appendix 4]

Multimedia Appendix 5

The results of sensitivity and subgroup analysis.
[DOCX File (Microsoft Word File), 5319 KB-Multimedia Appendix 5]

Checklist 1

PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) 2020 checklist.
[DOCX File (Microsoft Word File), 29 KB-Checklist 1]

References

1. Yang F, Wang Y, Yang C, Hu H, Xiong Z. Mobile health applications in self-management of patients with chronic
obstructive pulmonary disease: a systematic review and meta-analysis of their efficacy. BMC Pulm Med. Sep 4,
2018;18(1):147. [doi: 10.1186/s12890-018-0671-z] [Medline: 30180835]

2. Rush KL, Hatt L, Janke R, Burton L, Ferrier M, Tetrault M. The efficacy of telehealth delivered educational approaches
for patients with chronic diseases: a systematic review. Patient Educ Couns. Aug 2018;101(8):1310-1321. [doi: 10.1016/
j.pec.2018.02.006] [Medline: 29486994]

3. Slevin P, Kessie T, Cullen J, Butler MW, Donnelly SC, Caulfield B. Exploring the potential benefits of digital health
technology for the management of COPD: a qualitative study of patient perceptions. ERJ Open Res. Apr
2019;5(2):00239-2018. [doi: 10.1183/23120541.00239-2018] [Medline: 31111039]

4. Hillebregt CF, Vlonk AJ, Bruijnzeels MA, van Schayck OC, Chavannes NH. Barriers and facilitators influencing self-
management among COPD patients: a mixed methods exploration in primary and affiliated specialist care. Int J Chron
Obstruct Pulmon Dis. 2017;12:123-133. [doi: 10.2147/COPD.S103998] [Medline: 28096666]

5. Effing TW, Bourbeau J, Vercoulen J, et al. Self-management programmes for COPD: moving forward. Chron Respir
Dis. Feb 2012;9(1):27-35. [doi: 10.1177/1479972311433574] [Medline: 22308551]

6. Deng ZJ, Gui L, Chen J, Peng SS, Ding YF, Wei AH. Clinical, economic and humanistic outcomes of medication
therapy management services: a systematic review and meta-analysis. Front Pharmacol. 2023;14:1143444. [doi: 10.
3389/fphar.2023.1143444] [Medline: 37089963]

7. Kozma CM, Reeder CE, Schulz RM. Economic, clinical, and humanistic outcomes: a planning model for
pharmacoeconomic research. Clin Ther. 1993;15(6):1121-1132. [Medline: 8111809]
8. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease (2025 report).

GOLD; 2025. URL: https://goldcopd.org/wp-content/uploads/2024/11/GOLD-2025-Report-v1.0-15Nov2024 WMV .pdf
[Accessed 2025-11-26]

9. Global strategy on digital health. World Health Organization; 2025. URL: https://www.who.int/docs/default-source/
documents/gs4dhdaa2a9f352b0445bafbc79ca799dcedd.pdf [Accessed 2025-11-26]

10.  CruzJ, Brooks D, Marques A. Home telemonitoring effectiveness in COPD: a systematic review. Int J Clin Pract. Mar
2014;68(3):369-378. [doi: 10.1111/ijcp.12345] [Medline: 24472009]

11.  Ulrik CS, Lombholt Gregersen T, Green A, Frausing E, Ringbzk T, Brgndum E. Do telemedical interventions improve
quality of life in patients with COPD? A systematic review. COPD. 809. [doi: 10.2147/COPD.S96079]

12. Hong Y, Lee SH. Effectiveness of tele-monitoring by patient severity and intervention type in chronic obstructive
pulmonary disease patients: a systematic review and meta-analysis. Int J Nurs Stud. Apr 2019;92(1-15):1-15. [doi: 10.
1016/j.ijnurstu.2018.12.006] [Medline: 30690162]

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 1 e74967 | p. 15
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app1.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app1.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app2.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app2.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app3.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app3.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app4.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app4.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app5.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app5.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app6.docx
https://jmir.org/api/download?alt_name=mhealth_v13i1e74967_app6.docx
https://doi.org/10.1186/s12890-018-0671-z
http://www.ncbi.nlm.nih.gov/pubmed/30180835
https://doi.org/10.1016/j.pec.2018.02.006
https://doi.org/10.1016/j.pec.2018.02.006
http://www.ncbi.nlm.nih.gov/pubmed/29486994
https://doi.org/10.1183/23120541.00239-2018
http://www.ncbi.nlm.nih.gov/pubmed/31111039
https://doi.org/10.2147/COPD.S103998
http://www.ncbi.nlm.nih.gov/pubmed/28096666
https://doi.org/10.1177/1479972311433574
http://www.ncbi.nlm.nih.gov/pubmed/22308551
https://doi.org/10.3389/fphar.2023.1143444
https://doi.org/10.3389/fphar.2023.1143444
http://www.ncbi.nlm.nih.gov/pubmed/37089963
http://www.ncbi.nlm.nih.gov/pubmed/8111809
https://goldcopd.org/wp-content/uploads/2024/11/GOLD-2025-Report-v1.0-15Nov2024_WMV.pdf
https://www.who.int/docs/default-source/documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf
https://www.who.int/docs/default-source/documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf
https://doi.org/10.1111/ijcp.12345
http://www.ncbi.nlm.nih.gov/pubmed/24472009
https://doi.org/10.2147/COPD.S96079
https://doi.org/10.1016/j.ijnurstu.2018.12.006
https://doi.org/10.1016/j.ijnurstu.2018.12.006
http://www.ncbi.nlm.nih.gov/pubmed/30690162
https://mhealth.jmir.org/2025/1/e74967

JMIR MHEALTH AND UHEALTH Prawesti et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lundell S, Holmner A, Rehn B, Nyberg A, Wadell K. Telehealthcare in COPD: a systematic review and meta-analysis
on physical outcomes and dyspnea. Respir Med. Jan 2015;109(1):11-26. [doi: 10.1016/j.rmed.2014.10.008] [Medline:
25464906]

Dai Y, Huang H, Zhang Y, He N, Shen M, Li H. The effects of telerehabilitation on physiological function and disease
symptom for patients with chronic respiratory disease: a systematic review and meta-analysis. BMC Pulm Med.
2024;24(1):305. [doi: 10.1186/s12890-024-03104-8]

Martinez-Garcia M del M, Ruiz-Cérdenas JD, Rabinovich RA. Effectiveness of smartphone devices in promoting
physical activity and exercise in patients with chronic obstructive pulmonary disease: a systematic review. COPD: J
Chronic Obstr Pulm. Sep 3, 2017;14(5):543-551. [doi: 10.1080/15412555.2017.1358257]

Song CY, Liu X, Wang YQ, et al. Effects of home-based telehealth on the physical condition and psychological status of
patients with chronic obstructive pulmonary disease: a systematic review and meta-analysis. Int J Nurs Pract. Jun
2023;29(3):e13062. [doi: 10.1111/ijn.13062] [Medline: 35545098]

Polisena J, Coyle D, Coyle K, McGill S. Home telehealth for chronic disease management: a systematic review and an
analysis of economic evaluations. Int J Technol Assess Health Care. Jul 2009;25(3):339-349. [doi: 10.1017/
S50266462309990201] [Medline: 19619353]

Shaw G, Whelan ME, Armitage LC, Roberts N, Farmer AJ. Are COPD self-management mobile applications effective?
A systematic review and meta-analysis. NPJ Prim Care Respir Med. Apr 1,2020;30(1):11. [doi: 10.1038/s41533-020-
0167-1] [Medline: 32238810]

Zhang X, Jia G, Zhang L, Liu Y, Wang S, Cheng L. Effect of internet-based pulmonary rehabilitation on physical
capacity and health-related life quality in patients with chronic obstructive pulmonary disease-a systematic review and
meta-analysis. Disabil Rehabil. Apr 2024;46(8):1450-1458. [doi: 10.1080/09638288.2023.2196095] [Medline:
37036029]

OraJ, Prendi E, Attina ML, Cazzola M, Calzetta L, Rogliani P. Efficacy of respiratory tele-rehabilitation in COPD
patients: systematic review and meta-analysis. Monaldi Arch Chest Dis. Jan 27, 2022;92(4). [doi: 10.4081/monaldi.
2022.2105] [Medline: 35086329]

Pedone C, Lelli D. Systematic review of telemonitoring in COPD: an update. Adv Respir Med. 2015;83(6):476-484.
[doi: 10.5603/PiAP.2015.0077]

Sanchez-Morillo D, Fernandez-Granero MA, Leon-Jimenez A. Use of predictive algorithms in-home monitoring of
chronic obstructive pulmonary disease and asthma: a systematic review. Chron Respir Dis. Aug 2016;13(3):264-283.
[doi: 10.1177/1479972316642365] [Medline: 27097638]

Alwashmi M, Hawboldt J, Davis E, Marra C, Gamble JM, Abu Ashour W. The effect of smartphone interventions on
patients with chronic obstructive pulmonary disease exacerbations: a systematic review and meta-analysis. JMIR
Mhealth Uhealth. Sep 1,2016;4(3):e105. [doi: 10.2196/mhealth.5921] [Medline: 27589898]

Chung C, Lee JW, Lee SW, Jo MW. Clinical efficacy of mobile app-based, self-directed pulmonary rehabilitation for
patients with chronic obstructive pulmonary disease: systematic review and meta-analysis. JMIR mHealth uHealth. Jan
4,2024;12:¢41753. [doi: 10.2196/41753] [Medline: 38179689]

Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for
reporting systematic reviews. BMJ. Mar 29, 2021;372:n160. [doi: 10.1136/bmj.n160] [Medline: 33781993]

Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO framework to improve searching PubMed
for clinical questions. BMC Med Inform Decis Mak. Jun 15, 2007;7(1):16. [doi: 10.1186/1472-6947-7-16] [Medline:
17573961]

The global health observatory: explore a world of health data. World Health Organization. 2015. URL: https:/www.
who.int/data/gho/indicator-metadata-registry/imr-details/4774 [Accessed 2025-06-18]

Higgins JPT, Altman DG, Ggtzsche PC, et al. The Cochrane Collaboration’s tool for assessing risk of bias in
randomised trials. BMJ. Oct 18, 2011;343(7829):d5928. [doi: 10.1136/bmj.d5928] [Medline: 22008217]

Sterne JAC, Sutton AJ, Ioannidis JPA, et al. Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ. Jul 22, 2011;343:d4002. [doi: 10.1136/bmj.d4002] [Medline:
21784880]

Velentgas P, Dreyer NA, Wu AW. Outcome definition and measurement. In: Developing A Protocol for Observational
Comparative Effectiveness Research: A User’s Guide. Agency for Healthcare Research and Quality (US); 2013:71-92.
[Medline: 23469377]

Valenca-Feitosa F, Carvalho GAC, Alcantara TS, Quintans-Junior LJ, Alves-Conceicao V, Lyra-Jr DP. Identifying
health outcomes of pharmaceutical clinical services in patients with cancer: a systematic review. Res Social Adm Pharm.
Apr 2023;19(4):591-598. [doi: 10.1016/j.sapharm.2022.12.009] [Medline: 36604226]

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 174967 | p. 16

(page number not for citation purposes)


https://doi.org/10.1016/j.rmed.2014.10.008
http://www.ncbi.nlm.nih.gov/pubmed/25464906
https://doi.org/10.1186/s12890-024-03104-8
https://doi.org/10.1080/15412555.2017.1358257
https://doi.org/10.1111/ijn.13062
http://www.ncbi.nlm.nih.gov/pubmed/35545098
https://doi.org/10.1017/S0266462309990201
https://doi.org/10.1017/S0266462309990201
http://www.ncbi.nlm.nih.gov/pubmed/19619353
https://doi.org/10.1038/s41533-020-0167-1
https://doi.org/10.1038/s41533-020-0167-1
http://www.ncbi.nlm.nih.gov/pubmed/32238810
https://doi.org/10.1080/09638288.2023.2196095
http://www.ncbi.nlm.nih.gov/pubmed/37036029
https://doi.org/10.4081/monaldi.2022.2105
https://doi.org/10.4081/monaldi.2022.2105
http://www.ncbi.nlm.nih.gov/pubmed/35086329
https://doi.org/10.5603/PiAP.2015.0077
https://doi.org/10.1177/1479972316642365
http://www.ncbi.nlm.nih.gov/pubmed/27097638
https://doi.org/10.2196/mhealth.5921
http://www.ncbi.nlm.nih.gov/pubmed/27589898
https://doi.org/10.2196/41753
http://www.ncbi.nlm.nih.gov/pubmed/38179689
https://doi.org/10.1136/bmj.n160
http://www.ncbi.nlm.nih.gov/pubmed/33781993
https://doi.org/10.1186/1472-6947-7-16
http://www.ncbi.nlm.nih.gov/pubmed/17573961
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/4774
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/4774
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/pubmed/21784880
http://www.ncbi.nlm.nih.gov/pubmed/23469377
https://doi.org/10.1016/j.sapharm.2022.12.009
http://www.ncbi.nlm.nih.gov/pubmed/36604226
https://mhealth.jmir.org/2025/1/e74967

JMIR MHEALTH AND UHEALTH Prawesti et al

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Bungay KM, Sanchez LA. Types of economic and humanistic outcomes assessments. In: Barnette D, Bressler L, Brouse
S, editors. Updates in Therapeutics: The Pharmacotherapy Preparatory Course. American College of Clinical Pharmacys;
2008:303-350.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. Sep 6,
2003;327(7414):557-560. [doi: 10.1136/bmj.327.7414.557] [Medline: 12958120]

Lin L, Aloe AM. Evaluation of various estimators for standardized mean difference in meta-analysis. Stat Med. Jan 30,
2021;40(2):403-426. [doi: 10.1002/sim.8781] [Medline: 33180373]

R: The R Project for Statistical Computing. URL: https://www .R-project.org [Accessed 2025-06-18]

Balduzzi S, Riicker G, Schwarzer G. How to perform a meta-analysis with R: a practical tutorial. Evid Based Ment
Health. Nov 2019;22(4):153-160. [doi: 10.1136/ebmental-2019-300117] [Medline: 31563865]

Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat Softw. Aug 2010;36(3):1-48. URL:
https://www.jstatsoft.org/article/view/v036i03 [Accessed 2025-11-26] [doi: 10.18637/jss.v036.i03]

Arbillaga-Etxarri A, Gimeno-Santos E, Barberan-Garcia A, et al. Long-term efficacy and effectiveness of a behavioural
and community-based exercise intervention (urban training) to increase physical activity in patients with COPD: a
randomised controlled trial. Eur Respir J. Oct 2018;52(4):1800063. [doi: 10.1183/13993003.00063-2018] [Medline:
30166322]

Varas AB, Cordoba S, Rodriguez-Andonaegui I, Rueda MR, Garcia-Juez S, Vilaré J. Effectiveness of a community-
based exercise training programme to increase physical activity level in patients with chronic obstructive pulmonary
disease: a randomized controlled trial. Physiother Res Int. Oct 2018;23(4):e1740. [doi: 10.1002/pri.1740] [Medline:
30168228]

Jiménez-Reguera B, Maroto Lépez E, Fitch S, et al. Development and preliminary evaluation of the effects of an
mHealth web-based platform (HappyAir) on adherence to a maintenance program after pulmonary rehabilitation in
patients with chronic obstructive pulmonary disease: randomized controlled trial. JMIR Mhealth Uhealth. Jul 31,
2020;8(7):e18465. [doi: 10.2196/18465] [Medline: 32513646]

Boer L, Bischoff E, van der Heijden M, et al. A smart mobile health tool versus a paper action plan to support self-
management of chronic obstructive pulmonary disease exacerbations: randomized controlled trial. JMIR mHealth
uHealth. Oct 9,2019;7(10):e14408. [doi: 10.2196/14408] [Medline: 31599729]

Bourne S, DeVos R, North M, et al. Online versus face-to-face pulmonary rehabilitation for patients with chronic
obstructive pulmonary disease: randomised controlled trial. BMJ Open. Jul 17,2017;7(7):e014580. [doi: 10.1136/
bmjopen-2016-014580] [Medline: 28716786]

Farmer A, Williams V, Velardo C, et al. Self-management support using a digital health system compared with usual
care for chronic obstructive pulmonary disease: randomized controlled trial. J] Med Internet Res. May 3,
2017;19(5):e144. [doi: 10.2196/jmir.7116] [Medline: 28468749]

Rixon L, Hirani SP, Cartwright M, et al. A RCT of telehealth for COPD patient’s quality of life: the whole system
demonstrator evaluation. Clin Respir J. Jul 2017;11(4):459-469. [doi: 10.1111/crj.12359] [Medline: 26260325]

Walker PP, Pompilio PP, Zanaboni P, et al. Telemonitoring in chronic obstructive pulmonary disease (CHROMED). A
randomized clinical trial. Am J Respir Crit Care Med. Sep 1, 2018;198(5):620-628. [doi: 10.1164/rccm.201712-
24040C] [Medline: 29557669]

Jolly K, Sidhu MS, Hewitt CA, et al. Self management of patients with mild COPD in primary care: randomised
controlled trial. BMJ. Jun 13, 2018;361:k2241. [doi: 10.1136/bmj.k2241] [Medline: 29899047]

Crooks MG, Elkes J, Storrar W, et al. Evidence generation for the clinical impact of myCOPD in patients with mild,
moderate and newly diagnosed COPD: a randomised controlled trial. ERJ Open Res. Oct 2020;6(4):1-10. [doi: 10.1183/
23120541.00460-2020] [Medline: 33263052]

North M, Bourne S, Green B, et al. A randomised controlled feasibility trial of E-health application supported care vs
usual care after exacerbation of COPD: the RESCUE trial. NPJ Digit Med. 2020;3(1):145. [doi: 10.1038/s41746-020-
00347-7] [Medline: 33145441]

Kessler R, Casan-Clara P, Koehler D, et al. COMET: a multicomponent home-based disease-management programme
versus routine care in severe COPD. Eur Respir J. Jan 2018;51(1):29326333. [doi: 10.1183/13993003.01612-2017]
[Medline: 29326333]

Saleh S, Skeie S, Grundt H. Re-admission and quality of life among patients with chronic obstructive pulmonary disease
after telemedicine video nursing consultation - a randomized study. Multidiscip Respir Med. Jan 17, 2023;18(1):918.
[doi: 10.4081/mrm.2023.918] [Medline: 37753200]

Zanaboni P, Dinesen B, Hoaas H, et al. Long-term telerehabilitation or unsupervised training at home for patients with

chronic obstructive pulmonary disease: a randomized controlled trial. Am J Respir Crit Care Med. Apr 1,
2023;207(7):865-875. [doi: 10.1164/rccm.202204-06430C] [Medline: 36480957]

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 174967 | p. 17

(page number not for citation purposes)


https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1002/sim.8781
http://www.ncbi.nlm.nih.gov/pubmed/33180373
https://www.R-project.org
https://doi.org/10.1136/ebmental-2019-300117
http://www.ncbi.nlm.nih.gov/pubmed/31563865
https://www.jstatsoft.org/article/view/v036i03
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1183/13993003.00063-2018
http://www.ncbi.nlm.nih.gov/pubmed/30166322
https://doi.org/10.1002/pri.1740
http://www.ncbi.nlm.nih.gov/pubmed/30168228
https://doi.org/10.2196/18465
http://www.ncbi.nlm.nih.gov/pubmed/32513646
https://doi.org/10.2196/14408
http://www.ncbi.nlm.nih.gov/pubmed/31599729
https://doi.org/10.1136/bmjopen-2016-014580
https://doi.org/10.1136/bmjopen-2016-014580
http://www.ncbi.nlm.nih.gov/pubmed/28716786
https://doi.org/10.2196/jmir.7116
http://www.ncbi.nlm.nih.gov/pubmed/28468749
https://doi.org/10.1111/crj.12359
http://www.ncbi.nlm.nih.gov/pubmed/26260325
https://doi.org/10.1164/rccm.201712-2404OC
https://doi.org/10.1164/rccm.201712-2404OC
http://www.ncbi.nlm.nih.gov/pubmed/29557669
https://doi.org/10.1136/bmj.k2241
http://www.ncbi.nlm.nih.gov/pubmed/29899047
https://doi.org/10.1183/23120541.00460-2020
https://doi.org/10.1183/23120541.00460-2020
http://www.ncbi.nlm.nih.gov/pubmed/33263052
https://doi.org/10.1038/s41746-020-00347-7
https://doi.org/10.1038/s41746-020-00347-7
http://www.ncbi.nlm.nih.gov/pubmed/33145441
https://doi.org/10.1183/13993003.01612-2017
http://www.ncbi.nlm.nih.gov/pubmed/29326333
https://doi.org/10.4081/mrm.2023.918
http://www.ncbi.nlm.nih.gov/pubmed/37753200
https://doi.org/10.1164/rccm.202204-0643OC
http://www.ncbi.nlm.nih.gov/pubmed/36480957
https://mhealth.jmir.org/2025/1/e74967

JMIR MHEALTH AND UHEALTH Prawesti et al

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Vianello A, Fusello M, Gubian L, et al. Home telemonitoring for patients with acute exacerbation of chronic obstructive
pulmonary disease: a randomized controlled trial. BMC Pulm Med. Nov 22,2016;16(1):157. [doi: 10.1186/s12890-016-
0321-2] [Medline: 27876029]

Cerdéan-de-las-Heras J, Balbino F, Lgkke A, Catalan-Matamoros D, Hilberg O, Bendstrup E. Effect of a new tele-
rehabilitation program versus standard rehabilitation in patients with chronic obstructive pulmonary disease. JCM.
2022;11(1):11. [doi: 10.3390/jcm11010011]

Spielmanns M, Gloeckl R, Jarosch I, et al. Using a smartphone application maintains physical activity following
pulmonary rehabilitation in patients with COPD: a randomised controlled trial. Thorax. May 2023;78(5):442-450. [doi:
10.1136/thoraxjnl-2021-218338] [Medline: 35450945]

Vasilopoulou M, Papaioannou Al, Kaltsakas G, et al. Home-based maintenance tele-rehabilitation reduces the risk for
acute exacerbations of COPD, hospitalisations and emergency department visits. Eur Respir J. May
2017;49(5):1602129. [doi: 10.1183/13993003.02129-2016] [Medline: 28546268]

Loeckx M, Rodrigues FM, Blondeel A, et al. Sustaining training effects through physical activity coaching (STEP): a
randomized controlled trial. Int J Behav Nutr Phys Act. Oct 10, 2023;20(1):121. [doi: 10.1186/s12966-023-01519-w]
[Medline: 37814266]

Chan HY, Dai YT, Hou IC. Evaluation of a tablet-based instruction of breathing technique in patients with COPD. Int J
Med Inform. Oct 2016;94(263-70):263-270. [doi: 10.1016/j.ijmedinf.2016.06.018] [Medline: 27573335]

Ho TW, Huang CT, Chiu HC, et al. Effectiveness of telemonitoring in patients with chronic obstructive pulmonary
disease in taiwan-a randomized controlled trial. Sci Rep. Mar 31, 2016;6(23797):23797. [doi: 10.1038/srep23797]
[Medline: 27029815]

Wang L, He L, Tao Y, et al. Evaluating a web-based coaching program using electronic health records for patients with
chronic obstructive pulmonary disease in China: randomized controlled trial. ] Med Internet Res. Jul 21,
2017;19(7):e264. [doi: 10.2196/jmir.6743] [Medline: 28733270]

BiJ, Yang W, Hao P, et al. WeChat as a platform for Baduanjin intervention in patients with stable chronic obstructive
pulmonary disease in China: retrospective randomized controlled trial. JIMIR mHealth uHealth. Feb 2,
2021;9(2):€23548. [doi: 10.2196/23548] [Medline: 33528369]

Jiang Y, Liu F, Guo J, et al. Evaluating an intervention program using WeChat for patients with chronic obstructive
pulmonary disease: randomized controlled trial. ] Med Internet Res. Apr 21, 2020;22(4):e17089. [doi: 10.2196/17089]
[Medline: 32314971]

Wang L, Guo Y, Wang M, Zhao Y. A mobile health application to support self-management in patients with chronic
obstructive pulmonary disease: a randomised controlled trial. Clin Rehabil. Jan 2021;35(1):90-101. [doi: 10.1177/
0269215520946931]

Park SK, Bang CH, Lee SH. Evaluating the effect of a smartphone app-based self-management program for people with
COPD: a randomized controlled trial. Appl Nurs Res. Apr 2020;52:151231. [doi: 10.1016/j.apnr.2020.151231]
[Medline: 31955942]

Tsai LLY, McNamara RJ, Moddel C, Alison JA, McKenzie DK, McKeough ZJ. Home-based telerehabilitation via real-
time videoconferencing improves endurance exercise capacity in patients with COPD: the randomized controlled TeleR
Study. Respirology. May 2017;22(4):699-707. [doi: 10.1111/resp.12966] [Medline: 27992099]

Holland AE, Mahal A, Hill CJ, et al. Home-based rehabilitation for COPD using minimal resources: a randomised,
controlled equivalence trial. Thorax. Jan 2017;72(1):57-65. [doi: 10.1136/thoraxjnl-2016-208514] [Medline: 27672116]
Wootton SL, McKeough Z, Ng CLW, et al. Effect on health-related quality of life of ongoing feedback during a 12-
month maintenance walking programme in patients with COPD: a randomized controlled trial. Respirology. Jan
2018;23(1):60-67. [doi: 10.1111/resp.13128] [Medline: 28758320]

Moy ML, Martinez CH, Kadri R, et al. Long-term effects of an internet-mediated pedometer-based walking program for
chronic obstructive pulmonary disease: randomized controlled trial. ] Med Internet Res. Aug 8,2016;18(8):e215. [doi:
10.2196/jmir.5622] [Medline: 27502583]

Wan ES, Kantorowski A, Homsy D, et al. Promoting physical activity in COPD: insights from a randomized trial of a
web-based intervention and pedometer use. Respir Med. Sep 2017;130(102-10):102-110. [doi: 10.1016/j.rmed.2017.07.
057] [Medline: 29206627]

Wan ES, Kantorowski A, Polak M, et al. Long-term effects of web-based pedometer-mediated intervention on COPD
exacerbations. Respir Med. Feb 2020;162:105878. [doi: 10.1016/j.rmed.2020.105878] [Medline: 32056676]

Benzo RP, Ridgeway J, Hoult JP, et al. Feasibility of a health coaching and home-based rehabilitation intervention with
remote monitoring for COPD. Respir Care. Jun 2021;66(6):960-971. [doi: 10.4187/respcare.08580] [Medline:
33906954]

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 1 e74967 | p. 18

(page number not for citation purposes)


https://doi.org/10.1186/s12890-016-0321-2
https://doi.org/10.1186/s12890-016-0321-2
http://www.ncbi.nlm.nih.gov/pubmed/27876029
https://doi.org/10.3390/jcm11010011
https://doi.org/10.1136/thoraxjnl-2021-218338
http://www.ncbi.nlm.nih.gov/pubmed/35450945
https://doi.org/10.1183/13993003.02129-2016
http://www.ncbi.nlm.nih.gov/pubmed/28546268
https://doi.org/10.1186/s12966-023-01519-w
http://www.ncbi.nlm.nih.gov/pubmed/37814266
https://doi.org/10.1016/j.ijmedinf.2016.06.018
http://www.ncbi.nlm.nih.gov/pubmed/27573335
https://doi.org/10.1038/srep23797
http://www.ncbi.nlm.nih.gov/pubmed/27029815
https://doi.org/10.2196/jmir.6743
http://www.ncbi.nlm.nih.gov/pubmed/28733270
https://doi.org/10.2196/23548
http://www.ncbi.nlm.nih.gov/pubmed/33528369
https://doi.org/10.2196/17089
http://www.ncbi.nlm.nih.gov/pubmed/32314971
https://doi.org/10.1177/0269215520946931
https://doi.org/10.1177/0269215520946931
https://doi.org/10.1016/j.apnr.2020.151231
http://www.ncbi.nlm.nih.gov/pubmed/31955942
https://doi.org/10.1111/resp.12966
http://www.ncbi.nlm.nih.gov/pubmed/27992099
https://doi.org/10.1136/thoraxjnl-2016-208514
http://www.ncbi.nlm.nih.gov/pubmed/27672116
https://doi.org/10.1111/resp.13128
http://www.ncbi.nlm.nih.gov/pubmed/28758320
https://doi.org/10.2196/jmir.5622
http://www.ncbi.nlm.nih.gov/pubmed/27502583
https://doi.org/10.1016/j.rmed.2017.07.057
https://doi.org/10.1016/j.rmed.2017.07.057
http://www.ncbi.nlm.nih.gov/pubmed/29206627
https://doi.org/10.1016/j.rmed.2020.105878
http://www.ncbi.nlm.nih.gov/pubmed/32056676
https://doi.org/10.4187/respcare.08580
http://www.ncbi.nlm.nih.gov/pubmed/33906954
https://mhealth.jmir.org/2025/1/e74967

JMIR MHEALTH AND UHEALTH Prawesti et al

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Benzo R, Hoult J, McEvoy C, et al. Promoting chronic obstructive pulmonary disease wellness through remote
monitoring and health coaching: a clinical trial. Ann Am Thorac Soc. Nov 2022;19(11):1808-1817. [doi: 10.1513/
AnnalsATS .202203-2140C] [Medline: 35914215]

Robinson SA, Cooper JA Jr, Goldstein RL, et al. A randomised trial of a web-based physical activity self-management
intervention in COPD. ERJ Open Res. Jul 2021;7(3):00158-2021. [doi: 10.1183/23120541.00158-2021] [Medline:
34476247]

Stamenova V, Liang K, Yang R, et al. Technology-enabled self-management of chronic obstructive pulmonary disease
with or without asynchronous remote monitoring: randomized controlled trial. ] Med Internet Res. Jul 30,
2020;22(7):e18598. [doi: 10.2196/18598] [Medline: 32729843]

Jayadevan CM, Trung Hoang N. Healthcare spending in high-income and upper-middle-income countries: a cross-
country analysis. Discov Health Systems. 2024;3(1):37. [doi: 10.1007/s44250-024-00099-1]

Schrijver J, Lenferink A, Brusse-Keizer M, et al. Self-management interventions for people with chronic obstructive
pulmonary disease. Cochrane Database Syst Rev. Jan 10, 2022;1(1):CD002990. [doi: 10.1002/14651858.CD002990.
pub4] [Medline: 35001366]

World Bank country and lending groups. The World Bank. 2025. URL: https://datahelpdesk.worldbank.org/
knowledgebase/articles/906519-world-bank-country-and-lending-groups [Accessed 2025-01-14]

Fareed A, Saleem F. Digital health challenges in the south: towards better integration of digital health practices. 2023.
URL: https://www.southcentre.int/category/publications/southviews [Accessed 2025-01-14]

Bhushan I, Anandampillai K, Agarwal S. Navigating complexities: agile digital health initiatives in developing
countries. Oxf Open Digit Health. 2024;2:0qae032. [doi: 10.1093/00dh/0ogae032] [Medline: 40230973]

McCool J, Dobson R, Muinga N, et al. Factors influencing the sustainability of digital health interventions in low-
resource settings: lessons from five countries. J Glob Health. Dec 2020;10(2):020396. [doi: 10.7189/jogh.10.020396]
[Medline: 33274059]

de Torres JP, Pinto-Plata V, Ingenito E, et al. Power of outcome measurements to detect clinically significant changes in
pulmonary rehabilitation of patients with COPD. Chest. Apr 2002;121(4):1092-1098. [doi: 10.1378/chest.121.4.1092]
[Medline: 11948037]

Aratjo Oliveira AL, Andrade L, Marques A. Minimal clinically important difference and predictive validity of the
mMRC and mBorg in acute exacerbations of COPD. European Respiratory Journal. Sep 2017. [doi: 10.1183/1393003.
congress-2017.PA4705]

Holland AE, Spruit MA, Troosters T, et al. An official European Respiratory Society/American Thoracic Society
technical standard: field walking tests in chronic respiratory disease. Eur Respir J. Dec 2014;44(6):1428-1446. [doi: 10.
1183/09031936.00150314]

Vitacca M, Paneroni M, Spanevello A, et al. Effectiveness of pulmonary rehabilitation in individuals with chronic
obstructive pulmonary disease according to inhaled therapy: the Maugeri study. Respir Med. Oct 2022;202:106967. [doi:
10.1016/j.rmed.2022.106967] [Medline: 36115316]

Gloeckl R, Spielmanns M, Stankeviciene A, et al. Smartphone application-based pulmonary rehabilitation in COPD: a
multicentre randomised controlled trial. Thorax. Mar 18, 2025;80(4):209-217. [doi: 10.1136/thorax-2024-221803]
[Medline: 39706685]

Rochester CL, Vogiatzis I, Holland AE, et al. An official American Thoracic Society/European Respiratory Society
policy statement: enhancing implementation, use, and delivery of pulmonary rehabilitation. Am J Respir Crit Care Med.
Dec 1,2015;192(11):1373-1386. [doi: 10.1164/rccm.201510-1966ST] [Medline: 26623686]

Morgan M. Expanding pulmonary rehabilitation capacity. One size won’t fit all. Thorax. Jan 2017;72(1):4-5. [doi: 10.
1136/thoraxjnl-2016-209345] [Medline: 27807017]

Hug S, Cavalheri V, Gucciardi DF, Hill K. An evaluation of factors that influence referral to pulmonary rehabilitation
programs among people with COPD. CHEST. Jul 2022;162(1):82-91. [doi: 10.1016/j.chest.2022.01.006] [Medline:
35032478]

Inocencio TJ, Sterling KL, Sayiner S, Minshall ME, Kaye L, Hatipoglu U. Budget impact analysis of a digital
monitoring platform for COPD. Cost Eff Resour Alloc. Jun 4, 2023;21(1):36. [doi: 10.1186/s12962-023-00443-x]
[Medline: 37271821]

Stecher C, Linnemayr S, Reaven P, Cloonan S, Huckfeldt P. Cost savings from an mHealth tool for improving
medication adherence. Am J Manag Care. Oct 1, 2024;30(10):e289-e296. URL: https://www.ajmc.com/publications/
issue/2024-vol30-n10 [doi: 10.37765/ajmc.2024.89621] [Medline: 39467173]

Janjua S, Banchoff E, Threapleton CJ, Prigmore S, Fletcher J, Disler RT. Digital interventions for the management of
chronic obstructive pulmonary disease. Cochrane Database Syst Rev. Apr 19, 2021;4(4):CD013246. [doi: 10.1002/
14651858.CD013246.pub2] [Medline: 33871065]

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 1 €74967 | p. 19

(page number not for citation purposes)


https://doi.org/10.1513/AnnalsATS.202203-214OC
https://doi.org/10.1513/AnnalsATS.202203-214OC
http://www.ncbi.nlm.nih.gov/pubmed/35914215
https://doi.org/10.1183/23120541.00158-2021
http://www.ncbi.nlm.nih.gov/pubmed/34476247
https://doi.org/10.2196/18598
http://www.ncbi.nlm.nih.gov/pubmed/32729843
https://doi.org/10.1007/s44250-024-00099-1
https://doi.org/10.1002/14651858.CD002990.pub4
https://doi.org/10.1002/14651858.CD002990.pub4
http://www.ncbi.nlm.nih.gov/pubmed/35001366
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://www.southcentre.int/category/publications/southviews
https://doi.org/10.1093/oodh/oqae032
http://www.ncbi.nlm.nih.gov/pubmed/40230973
https://doi.org/10.7189/jogh.10.020396
http://www.ncbi.nlm.nih.gov/pubmed/33274059
https://doi.org/10.1378/chest.121.4.1092
http://www.ncbi.nlm.nih.gov/pubmed/11948037
https://doi.org/10.1183/1393003.congress-2017.PA4705
https://doi.org/10.1183/1393003.congress-2017.PA4705
https://doi.org/10.1183/09031936.00150314
https://doi.org/10.1183/09031936.00150314
https://doi.org/10.1016/j.rmed.2022.106967
http://www.ncbi.nlm.nih.gov/pubmed/36115316
https://doi.org/10.1136/thorax-2024-221803
http://www.ncbi.nlm.nih.gov/pubmed/39706685
https://doi.org/10.1164/rccm.201510-1966ST
http://www.ncbi.nlm.nih.gov/pubmed/26623686
https://doi.org/10.1136/thoraxjnl-2016-209345
https://doi.org/10.1136/thoraxjnl-2016-209345
http://www.ncbi.nlm.nih.gov/pubmed/27807017
https://doi.org/10.1016/j.chest.2022.01.006
http://www.ncbi.nlm.nih.gov/pubmed/35032478
https://doi.org/10.1186/s12962-023-00443-x
http://www.ncbi.nlm.nih.gov/pubmed/37271821
https://www.ajmc.com/publications/issue/2024-vol30-n10
https://www.ajmc.com/publications/issue/2024-vol30-n10
https://doi.org/10.37765/ajmc.2024.89621
http://www.ncbi.nlm.nih.gov/pubmed/39467173
https://doi.org/10.1002/14651858.CD013246.pub2
https://doi.org/10.1002/14651858.CD013246.pub2
http://www.ncbi.nlm.nih.gov/pubmed/33871065
https://mhealth.jmir.org/2025/1/e74967

JMIR MHEALTH AND UHEALTH Prawesti et al

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Checkley W, Yang M, Robertson NM, et al. Population-based screening for chronic obstructive pulmonary disease using
the St. George’s respiratory questionnaire in resource-limited settings. Am J Respir Crit Care Med. Mar 11,
2025;211(5):779-788. [doi: 10.1164/rccm.202409-18620C] [Medline: 40068167]

Jones PW. St. George’s Respiratory Questionnaire: MCID. COPD: Journal of Chronic Obstructive Pulmonary Disease.
Jan 2005;2(1):75-79. [doi: 10.1081/COPD-200050513]

Sul AR, Lyu DH, Park DA. Effectiveness of telemonitoring versus usual care for chronic obstructive pulmonary disease:
a systematic review and meta-analysis. J Telemed Telecare. May 2020;26(4):189-199. [doi: 10.1177/
1357633X18811757] [Medline: 30541375]

McCabe C, McCann M, Brady AM. Computer and mobile technology interventions for self-management in chronic
obstructive pulmonary disease. Cochrane Database Syst Rev. May 23, 2017;5(5):CD011425. [doi: 10.1002/14651858.
CDO011425 .pub2] [Medline: 28535331]

Agarwal S, LeFevre AE, Lee J, et al. Guidelines for reporting of health interventions using mobile phones: mobile health
(mHealth) evidence reporting and assessment (mERA) checklist. BMJ. Mar 17,2016;352:i11174. [doi: 10.1136/bmj.
11174] [Medline: 26988021]

Baumel A, Faber K, Mathur N, Kane JM, Muench F. Enlight: a comprehensive quality and therapeutic potential
evaluation tool for mobile and web-based eHealth interventions. J] Med Internet Res. Mar 21, 2017;19(3):e82. [doi: 10.
2196/jmir.7270] [Medline: 28325712]

Udsen FW, Hejlesen O, Ehlers LH. A systematic review of the cost and cost-effectiveness of telehealth for patients
suffering from chronic obstructive pulmonary disease. J Telemed Telecare. Jun 2014;20(4):212-220. [doi: 10.1177/
1357633X14533896] [Medline: 24803277]

Rahi MS, Thilagar B, Balaji S, et al. The impact of anxiety and depression in chronic obstructive pulmonary disease.
Adv Respir Med. Mar 10, 2023;91(2):123-134. [doi: 10.3390/arm91020011] [Medline: 36960961 ]

Machado B, Quimbaya P, Bustos RH, et al. Assessment of medication adherence using mobile applications in chronic
obstructive pulmonary disease: a scoping review. Int J Environ Res Public Health. Sep 24, 2024;21(10):1265. [doi: 10.
3390/ijerph21101265] [Medline: 39457240]

Muehlensiepen F, Bruch D, Seifert F, et al. mHealth apps for hypertension self-management: interview study among
patient-users. JMIR Form Res. Sep 27, 2024;8:¢56162. [doi: 10.2196/56162] [Medline: 39331954]

Haimi M. The tragic paradoxical effect of telemedicine on healthcare disparities- a time for redemption: a narrative
review. BMC Med Inform Decis Mak. May 16, 2023;23(1):95. [doi: 10.1186/s12911-023-02194-4] [Medline:
37193960]

Gajarawala SN, Pelkowski JN. Telehealth benefits and barriers. J Nurse Pract. Feb 2021;17(2):218-221. [doi: 10.1016/].
nurpra.2020.09.013] [Medline: 33106751]

Giebel GD, Speckemeier C, Abels C, et al. Problems and barriers related to the use of digital health applications:
scoping review. J Med Internet Res. May 12,2023;25:e43808. [doi: 10.2196/43808] [Medline: 37171838]

Sherer J. Technology addictions: social media, online gaming, and more. American Psychiatric Association. URL: https:
//[www .psychiatry.org/patients-families/technology-addictions-social-media-and-more#:~:text=When%20a%20person%

20is%?20addicted ,people %20with%20substance %20use %20disorders [Accessed 2025-01-21]

Abbreviations

6MWT: 6-minute walking test

COPD: chronic obstructive pulmonary disease

ECHO: economic, clinical, and humanistic outcomes

EQ-5D: EuroQol-5 Dimensions

GOLD: Global Initiative for Chronic Obstructive Lung Disease

MeSH: Medical Subject Headings

mHealth: mobile health

mMRC: modified Medical Research Council

PR: pulmonary rehabilitation

PRAISE: Pulmonary Rehabilitation Adapted Index of Self-Efficacy
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews
QALY: quality-adjusted life year

QoL: quality of life

RCT: randomized controlled trial

SGRQ: St. George Respiratory Questionnaire

WHO: World Health Organization

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 1 e74967 | p. 20

(page number not for citation purposes)


https://doi.org/10.1164/rccm.202409-1862OC
http://www.ncbi.nlm.nih.gov/pubmed/40068167
https://doi.org/10.1081/COPD-200050513
https://doi.org/10.1177/1357633X18811757
https://doi.org/10.1177/1357633X18811757
http://www.ncbi.nlm.nih.gov/pubmed/30541375
https://doi.org/10.1002/14651858.CD011425.pub2
https://doi.org/10.1002/14651858.CD011425.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28535331
https://doi.org/10.1136/bmj.i1174
https://doi.org/10.1136/bmj.i1174
http://www.ncbi.nlm.nih.gov/pubmed/26988021
https://doi.org/10.2196/jmir.7270
https://doi.org/10.2196/jmir.7270
http://www.ncbi.nlm.nih.gov/pubmed/28325712
https://doi.org/10.1177/1357633X14533896
https://doi.org/10.1177/1357633X14533896
http://www.ncbi.nlm.nih.gov/pubmed/24803277
https://doi.org/10.3390/arm91020011
http://www.ncbi.nlm.nih.gov/pubmed/36960961
https://doi.org/10.3390/ijerph21101265
https://doi.org/10.3390/ijerph21101265
http://www.ncbi.nlm.nih.gov/pubmed/39457240
https://doi.org/10.2196/56162
http://www.ncbi.nlm.nih.gov/pubmed/39331954
https://doi.org/10.1186/s12911-023-02194-4
http://www.ncbi.nlm.nih.gov/pubmed/37193960
https://doi.org/10.1016/j.nurpra.2020.09.013
https://doi.org/10.1016/j.nurpra.2020.09.013
http://www.ncbi.nlm.nih.gov/pubmed/33106751
https://doi.org/10.2196/43808
http://www.ncbi.nlm.nih.gov/pubmed/37171838
https://www.psychiatry.org/patients-families/technology-addictions-social-media-and-more#:~:text=When%20a%20person%20is%20addicted,people%20with%20substance%20use%20disorders
https://www.psychiatry.org/patients-families/technology-addictions-social-media-and-more#:~:text=When%20a%20person%20is%20addicted,people%20with%20substance%20use%20disorders
https://www.psychiatry.org/patients-families/technology-addictions-social-media-and-more#:~:text=When%20a%20person%20is%20addicted,people%20with%20substance%20use%20disorders
https://mhealth.jmir.org/2025/1/e74967

JMIR MHEALTH AND UHEALTH Prawesti et al

Edited by Lorraine Buis; peer-reviewed by Emmanuel Oluwagbade, lan Yang, Mohammad Eghbal Heidari; submitted
26.Mar.2025; final revised version received 17 .Nov.2025; accepted 17.Nov.2025; published 29.Dec.2025

Please cite as:

Prawesti GN, Lo P, Sarasmita MA, Chen HY

Effectiveness of Mobile Health—Based Self-Management Programs on Health-Related Outcomes in Patients With Chronic
Obstructive Pulmonary Disease: Systematic Review and Meta-Analysis

JMIR Mhealth Uhealth 2025;13:¢74967

URL: hitps://mhealth jmir.org/2025/1/e74967

doi: 10.2196/74967

© Galuh Nawang Prawesti, Pinyi Lo, Made Ary Sarasmita, Hsiang Yin Chen. Originally published in JMIR mHealth and
uHealth (https://mhealth.jmir.org), 29.Dec.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The
complete bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and
license information must be included.

https://mhealth.jmir.org/2025/1/e74967 JMIR Mhealth Uhealth 2025 | vol. 13 1 e74967 | p. 21
(page number not for citation purposes)


https://mhealth.jmir.org/2025/1/e74967
https://doi.org/10.2196/74967
https://mhealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://mhealth.jmir.org/
https://mhealth.jmir.org/2025/1/e74967

	Effectiveness of Mobile Health–Based Self-Management Programs on Health-Related Outcomes in Patients With Chronic Obstructive Pulmonary Disease: Systematic Review and Meta-Analysis
	Introduction
	Methods
	Study Design and Search Strategy
	Screening Process of the Studies
	Risk-of-Bias and Publication Bias Assessments
	Outcome Definition and Data Synthesis

	Results
	Search Results
	Study Characteristics
	Type of mHealth Interventions
	Involvement of Health Care Professionals
	Risk-of-Bias and Publication Bias Assessment
	Outcomes Measures

	Discussion
	Principal Findings
	Conclusions



