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Abstract
Background: Pulmonary rehabilitation (PR) is a cornerstone for the management of chronic obstructive pulmonary disease
(COPD), yet global uptake remains low due to geographic and resource barriers. Digital health technologies, specifically
smartphone apps, offer a promising platform for delivering accessible home-based PR. In addition, music-assisted interven-
tions not only offer unique physiological and psychological benefits but may also serve as an innovative approach to enhancing
patient engagement and improving the effectiveness of rehabilitation in home settings.
Objective: This study aimed to evaluate the effectiveness of a smartphone app–based, music-facilitated multicomponent PR
program (integrating rhythm-guided walking [RW] and singing) for improving exercise capacity and other clinical outcomes in
patients with COPD compared with usual care (UC).
Methods: This 3-arm, parallel-group, multicenter randomized controlled trial included 70 participants in China. Participants
were randomized into a multimodule training (MT) group, which included a multicomponent PR program integrating RW and
singing training (n=25); a RW group, which included RW training (n=23); or a UC group (n=22). The MT and RW groups
received 12-week asynchronous home-based training via a smartphone app, and all arms received structured patient education.
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The primary outcome was the distance achieved in the incremental shuttle walking test (ISWT) at 12 weeks. The secondary
outcomes included dyspnea, quality of life, and pulmonary function.
Results: The modified intention-to-treat principle was used to analyze the 70 study patients. At 12 weeks, the ISWT distance
was significantly greater in the MT group than in the UC group (mean difference [MD] 56.35 m, 95% CI 6.66-106.04 m;
P=.03; Cohen d=0.30). Significant improvements were observed in the MT group compared with the UC group in the modified
Medical Research Council dyspnea scale (mMRC) score (MD −0.44, 95% CI −0.80 to −0.08; P=.02), COPD Assessment Test
score (MD −3.23, 95% CI −6.18 to −0.29; P=.03), Hospital Anxiety and Depression Scale-anxiety subscale score (MD −2.31,
95% CI −3.99 to −0.63; P=.008), and inspiratory capacity (MD 15.98% predicted, 95% CI 4.76 to 27.21; P=.01). However, no
significant differences were found between the RW and UC groups in primary or secondary outcomes. Compared with RW,
MT was significantly better at decreasing the mMRC score (P=.03).
Conclusions: The findings of this study demonstrate that our smartphone app–based music-facilitated multicomponent PR
program (including tempo-guided walking and singing) caused clinically meaningful improvements in exercise capacity among
patients with COPD compared to UC. Moreover, secondary outcomes, including dyspnea, quality of life, psychological status,
and inspiratory capacity, showed better improvements with MT than with UC.
Trial Registration: ClinicalTrials.gov NCT05832814; https://clinicaltrials.gov/study/NCT05832814

J Med Internet Res 2026;28:e81707; doi: 10.2196/81707
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Introduction
Background
Chronic obstructive pulmonary disease (COPD) represents
a major global public health challenge, which is character-
ized by persistent respiratory symptoms, progressive airflow
limitation, and systemic manifestations, resulting in reduced
physical activity, deteriorating quality of life, and psycholog-
ical symptoms [1,2]. Despite advances in pharmacotherapy,
many patients continue to experience substantial symptom
burden and functional limitation [3]. This highlights the need
for comprehensive nonpharmacological interventions, with
pulmonary rehabilitation (PR) established as a cornerstone,
supported by robust evidence of improved clinical outcomes
[4,5]. However, traditional center-based PR remains critically
underutilized globally, with only 2%‐4% of eligible patients
with COPD accessing programs, and completion rates
frequently below 50% [6-8]. Access is limited by multi-
ple barriers, including a shortage of therapists, long travel
distances, high treatment costs, exercise-induced dyspnea,
and the monotony of conventional training [8,9].

To address these implementation gaps, digital health
technologies—such as mobile health (mHealth) rehabilita-
tion, video-based telerehabilitation, and web-based platform
rehabilitation—have emerged as promising alternatives or
supplements to traditional PR [10-13]. Among these, mHealth
rehabilitation offers greater flexibility and reduces human
resource demands compared with other modalities while
simultaneously enhancing accessibility, patient engagement,
and long-term adherence [14,15]. Recent reviews and
randomized controlled trials (RCTs) have indicated that
smartphone app–based PR programs can sustainably improve
symptom scores, health-related quality of life (HRQoL), and
daily physical activity levels [14-18]. However, evidence
regarding objective exercise capacity remains inconsistent
[14-19]. For instance, one study found that a 12-week
app-based PR program significantly improved 1-minute

sit-to-stand test results in patients with COPD [14], whereas
another study reported no significant effect of a 12-week
app-guided PR program on 6-minute walk distance in patients
with chronic respiratory disease [19]. Additionally, simply
digitizing the delivery of PR leaves certain patient-related
barriers unaddressed. Conventional training, which primarily
focuses on physical exercise, often induces fear and resist-
ance to rehabilitation among patients with COPD owing
to exertional dyspnea and fatigue. Moreover, patients often
struggle to adhere because the training is perceived as
monotonous and physically demanding [9].

Recent studies have identified the incorporation of music
into rehabilitation training as a promising approach to
address this challenge [20-25]. Receptive music can serve
as a distractive auditory stimulus during aerobic exercise,
facilitating auditory-motor coupling and neural entrainment
to reduce perceived dyspnea and improve endurance [26,27].
Analogous to respiratory training in PR, singing or play-
ing wind instruments promotes controlled expiratory flow,
reduces dynamic hyperinflation, and strengthens respiratory
muscles such as the diaphragm [28,29]. Furthermore, the
inherent appeal of music itself can benefit adherence [24,25].
Nevertheless, previous research has primarily been conduc-
ted in outpatient or community care settings, with limited
studies in a home-based setting [20,23,30,31]. Most stud-
ies have focused on the effects of individual music inter-
ventions, which may not adequately address the complex
pathophysiological changes in COPD, including weakness of
the skeletal muscles, pulmonary hyperinflation, anxiety, and
depression [20,23,30-33]. The best practices for smartphone
apps supporting a composite music-facilitated PR program
are not yet well established.

We conducted a multicenter, 3-arm, parallel, pilot RCT
to explore the preliminary efficacy and feasibility of a
smartphone app–based music-facilitated multicomponent PR
program with regard to clinical health outcomes in patients
with COPD (COPDMELODY [Music Therapy for COPD
Rehabilitation]). Prior to this study, a smartphone app (Qiyue)
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was developed by our research team to deliver the online
music-facilitated PR program. The program integrates core
PR components, including tempo-guided walking (aerobic
exercise), structured singing training (respiratory training),
and systematic education. Appropriate audio accompaniments
and songs were carefully preselected by qualified music
therapists and preinstalled in the corresponding training
modules of the app. Additionally, to ensure usability and
technical feasibility, the app underwent preliminary testing
and feedback collection at the lead study center among a
small group of patients with COPD who had prior experi-
ence with outpatient PR. The scientific rationale and detailed
methodology of this music-facilitated smartphone app–based
rehabilitation approach have been previously outlined in our
study protocol [34].

Objective
The objective of our study was to investigate the effective-
ness of a smartphone app–based music-facilitated multicom-
ponent PR program (incorporating rhythm-guided walking
[RW] and singing) with regard to exercise capacity (primary
outcome), and dyspnea, HRQoL, psychological status, and
pulmonary function (secondary outcomes) in patients with
COPD, compared with usual care (UC). Additionally, as an
exploratory aim, we assessed the potential added benefits of
combining singing training with RW versus RW alone.

Methods
Study Design
COPDMELODY was a multicenter, pragmatic, 3-arm,
parallel-group, single-blind pilot RCT. The study proto-
col was registered at ClinicalTrials.gov (NCT05832814).
Participants with moderate to severe stable COPD were
randomized into 1 of the following 3 groups: multimod-
ule training (MT), RW, and UC. Online training sessions
were delivered over 12 weeks after randomization. Out-
comes were assessed at baseline, 4 weeks, 8 weeks, and 12
weeks at hospital sites. The clinical trial protocol is presen-
ted in Multimedia Appendix 1. The CONSORT (Consolida-
ted Standards of Reporting Trials) checklist is provided in
Checklist 1.
Participants
Participants were recruited from 5 hospitals across 3
administrative regions in China (Figure S3 and Table
S11 in Multimedia Appendix 2). Participants were consid-
ered eligible if they met the following criteria: age 40-75
years, diagnosis of COPD, postbronchodilator percentage of
predicted forced expiratory volume in 1 second (FEV1) lower
than 80%, and FEV1 to forced vital capacity ratio lower
than 0.7. Participants were required to have stable symptoms
for at least 2 weeks and to be able to independently use
a smartphone, as judged by their ability to perform mobile
payments and use the WeChat app (Tencent). Participants
were excluded if they had unstable angina or acute myocar-
dial infarction within the past 4 weeks or had other comorbid-
ities that would preclude participation in exercise training.

Recruitment advertisements were placed in the respi-
ratory outpatient departments of each participating hospi-
tal, allowing interested patients to contact the research
team directly. Additionally, study information leaflets were
distributed to hospital medical staff, who could then refer
potential candidates to the study team. Potential eligible
patients who expressed interest in participation were invited
to an introductory meeting—either face-to-face or via
telephone—where the research team explained the study
details and addressed any questions. Participation in this
study was completely voluntary. Detailed descriptions of the
recruitment strategies, screening process, and inclusion/exclu-
sion criteria are provided in the study protocol [34].
Randomization, Allocation Concealment,
and Masking
Once written consent was received, a trial register form
was completed, and the participant was assigned an ID
number. Participants were randomly assigned to 1 of 3
groups in a 1:1:1 ratio, using a random number table
generated in the SPSS statistical package (IBM Corp) by an
independent statistical analyst. Randomization was conduc-
ted with permuted blocks, stratified by site. Group allo-
cation information was stored in opaque envelopes and
remained concealed until randomization occurred following
the baseline assessment. Assessors and statisticians were
blinded to group allocation throughout the trial; however,
participants could not be blinded owing to the nature of the
interventions.
Interventions
Participants in the MT and RW groups underwent a 12-
week multicomponent PR program on an individual basis
at their homes through the Qiyue smartphone app. This
app was specially developed for this study to deliver the
PR program, including a RW module, a singing training
module, and an educational module. Each module incorpo-
rated carefully preselected songs chosen by qualified music
therapists to guide the corresponding training (Table S1 in
Multimedia Appendix 2). The PR program for the MT group
included three 30-minute RW sessions (aerobic exercise)
and three 25-minute singing sessions (respiratory training)
per week (total of 6 sessions per week), in addition to a
standardized educational program. The PR program for the
RW group only included three 30-minute RW sessions per
week, in addition to the standardized educational program.
The intervention was primarily asynchronous and delivered
via prerecorded modules in the app, allowing patients to train
at their convenience. However, the study team held a video
conference with each patient during the first training session
to ensure proper technique and protocol fidelity. Participants
in the MT and RW groups were provided with a smartphone
preinstalled with the Qiyue app, earphones, and a sports
wristwatch. All devices were retrieved at the end of the
12-week intervention period.

Participants in the UC group were not provided with a
smartphone (having no access to the app), but they received
the same educational program as the intervention groups
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through WeChat messages from the research team during the
study period. After the 12-week assessment, patients in the
UC group were also offered an individualized PR program
(a waiting list control group). Participants continued their
prescribed medications (eg, inhaled drugs) throughout the
study. The study team did not intervene in any physical
activities the participants engaged in autonomously as part
of their daily routines.
RW Training
During RW training, patients performed RW while synchro-
nizing their steps to music tracks with fixed tempos delivered
by the Qiyue app. The intensity of walking was individualized
and recalculated at baseline, week 4, and week 8, using the
incremental shuttle walking test (ISWT). The calculation of
the target music tempo followed a four-step process (Table
1):

1. The target walking speed was set at 75% of the
maximum speed achieved during the ISWT, as
recommended by the American Thoracic Society/Euro-
pean Respiratory Society (ATS/ERS) guidelines [4,5,
35-38].

2. Individual step length was determined from the ISWT
data. During the test, patients wore a camcorder to
record the number of steps per shuttle. Step length was
calculated by dividing the distance per shuttle (ie, 10 m)
by the steps per shuttle.

3. The target step frequency was then calculated based on
the target walking speed and the individual step length.

4. The music tempo was set equal to the target step
frequency to guide walking.

Table 1. Equations for calculating individualized rhythm-guided walking tempo.
Step Equation
1 Target walking speed (km·h−1) = 0.75 × peak speed in the incremental shuttle walking test (km·h−1)
2 Step length (m·step−1) = The distance per shuttle (m) ÷ the steps per shuttle
3 Target step frequency (steps·min−1) = Target walking speed (km·h−1) × 1000 ÷ step length (m·step−1) ÷ 60
4 Music tempo (beats·min−1) = Target step frequency (steps·min−1)

After completing the ISWT assessment, the Qiyue app
automatically calculated the target tempo for each patient
using the ISWT parameters and generated a personalized
walking prescription (eg, three 30-minute sessions per week
at a target tempo of 105 beats/min for 4 weeks). Upon
returning home, participants logged into their personal
account in the app to access their individualized weekly
training schedule. When they opened the walking module,
a series of music tracks with fixed tempos was played,
and participants were instructed to walk in real time while
synchronizing each step with the musical beat. Participants
also wore a sports wristwatch connected to the app, which
provided real-time feedback on steps, distance covered, and
heart rate (Figure S1 in Multimedia Appendix 2).
Singing Training
The singing training program consisted of 3 parts: a 5-minute
video-guided breathing exercise, a 10-minute audio-guided
vocal warm-up, and a 15-minute singing session. During the
singing session, audio tracks of various songs were played,
allowing patients to sing along in real time (Figure S2 in
Multimedia Appendix 2). This structure was designed based
on the latest consensus statement for Singing for Lung Health
[22]. Patients’ vocals were picked up by the earphones and
reported to the app when they sang.

Completed sessions, including both walking training
(steps, duration, distance covered, and frequency) and singing
training (vocals, duration, and frequency), were automatically
recorded by the app, and aggregated data were provided to
the study team to monitor and assess compliance with the
intervention.

Educational Program
The educational program covered key topics, including
medication adherence, smoking cessation, maintaining
physical activity, and vaccination. Participants in the MT and
RW groups received 1 themed push notification per week
through the Qiyue app, while those in the UC group received
the same content via weekly WeChat messages sent by the
study team.
Primary Outcome
The primary outcome was the distance achieved in the ISWT,
a widely recognized and frequently used measure of exercise
capacity in patients with COPD. The ISWT was performed
at baseline, 4 weeks, 8 weeks, and 12 weeks, according
to the ATS/ERS technical standard. At each assessment, 2
tests were conducted, and the best distance was recorded to
minimize the learning effect [35,39]. The primary endpoint
was ISWT distance at 12 weeks after randomization. The
minimal clinically important difference (MCID) for the ISWT
is 35 meters [40].
Secondary Outcomes
Several secondary outcomes were assessed. First, dysp-
nea symptoms were assessed using the modified Medical
Research Council dyspnea scale (mMRC) at baseline and
4, 8, and 12 weeks (MCID=0.5) [41]. Second, the COPD
Assessment Test (CAT) score, which indicates how symp-
toms impact daily life, was measured at baseline and 4,
8, and 12 weeks (MCID=1.6) [42]. Third, HRQoL was
measured using the St. George’s Respiratory Questionnaire
(SGRQ) and EQ-5D-5L [43]. The MCID for the SGRQ
is 4 points [44]. Fourth, anxiety and depression were
evaluated with the Hospital Anxiety and Depression Scale
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(HADS), which comprises anxiety (HADS-A) and depres-
sion (HADS-D) subscales (MCID=1.3 for the HADS-A
and MCID=1.5 for the HADS-D) [45]. Fifth, lung func-
tion measurements were obtained at baseline and 12 weeks
[46]. Sixth, respiratory muscle function was assessed by
measuring the maximal inspiratory pressure and maximal
expiratory pressure using the Gio Digital Pressure Gauge
(GaleMed) [47]. Seventh, participant adherence (MT and RW
groups only) was measured as the percentage of sessions
completed (derived using app data) versus sessions planned
[10]. Patients who completed ≥75% of the planned sessions
for ≥75% of the weeks were defined as adherent users.
Eighth, patient satisfaction with the app was assessed at the
12-week follow-up using a single-item global satisfaction
question (“Overall, how satisfied are you with the app?”)
rated on 5 levels ranging from “very dissatisfied” to “very
satisfied.” Finally, adverse events, including exacerbations,
exercise-related injuries, and falls, were recorded during the
study period. Reliability, validity, and responsiveness of the
measures have been presented in the study protocol [34].
Sample Size
The details of the sample size calculation and statistical
analysis are presented in Multimedia Appendix 2 [34].
Given the absence of previous studies exploring the effect
of smartphone app–based music-facilitated multicomponent
PR programs (integrating music-guided aerobic exercise
and singing training), the sample size for this pilot study
was calculated based on relevant studies applying similar
rehabilitation interventions [48,49]. The sample size was
based on the change in our primary outcome (ie, ISWT
distance) from baseline to week 12. As suggested by similar
studies [48,49], we tested for mean changes of 40 m, 27
m, and −15 m with combined SDs of 35 m, 38 m, and 40
m in the MT, RW, and UC groups, respectively. A sample
size of 9 patients per group would yield a power of 90% at
a 2-sided significance level of 5% with ANOVA. Previous
RCTs evaluating outpatient training interventions reported
relatively high dropout rates, ranging from 45% to 63%
[12,50,51]. Therefore, assuming a conservative dropout rate
of 50%, enrollment of up to 54 participants was expected
(18 participants per study group). For practical purposes,
considering multicenter recruitment feasibility and resource
constraints, we initially planned to enroll up to 75 partici-
pants. However, due to substantial recruitment difficulties
at several participating centers and limitations in time and
funding (exacerbated by the COVID-19 pandemic), we were
unable to enroll the originally planned number of patients in
our protocol [34]. Enrollment was terminated after randomiz-
ing the 70th participant.
Statistical Analysis
The primary analysis followed the modified intention-to-treat
(mITT) principle, such that comparisons were according to
the randomized group, irrespective of compliance. Categori-
cal variables have been presented as number (percentage),
and continuous variables have been presented as mean (SD).
Between-group comparisons of baseline characteristics were
performed using 1-way ANOVA for continuous variables

and the chi-square test or Fisher exact test for categorical
variables, as appropriate.

The primary outcome was evaluated by a linear mixed
model (LMM) incorporating all time points, and a com-
pound-symmetry covariance structure for the residuals was
used. A single model was used for the analysis, and the
primary endpoint was reported by pairwise comparisons of
estimated marginal means of the 3 groups at week 12.
The model included treatment group, time point of measure-
ment, treatment by time point interaction, age, gender, BMI,
and ISWT distance at baseline as fixed effects. The model
included the recruitment site as a random effect. To detect
differences in the proportions of participants achieving the
MCID of the ISWT in the 3 groups, we also used a gen-
eralized LMM that included the same factors as the LMM
described above. Evaluation of the secondary outcomes was
performed analogously to the evaluation described above
for the ISWT. Two sensitivity analyses were performed
to evaluate the robustness of the primary analysis. One
analysis excluded participants who did not complete the
follow-up. A second analysis used multiple imputation to
evaluate sensitivity for missing data under the assumption
that data were missing at random. An iterative Markov chain
Monte Carlo method was used to simulate 5 imputed values
from the posterior predictive distribution of a multivariate
normal model. To explore the predictors of clinical response
and attrition, we performed 2 separate multivariable logistic
regression models: one examining the baseline characteristics
associated with achieving the MCID for ISWT distance, and
another examining the factors associated with dropping out
during follow-up. All statistical tests were performed at a
2-sided 5% significance level. We did not correct for multiple
testing in this exploratory study. All analyses were performed
in R (version 4.4.2; R Core Team).
Ethical Considerations
This study was conducted in accordance with the Declara-
tion of Helsinki. Ethical approval was granted by the Ethics
Review Committee of the China-Japan Friendship Hospital
(approval number: 2022-KY-024) and by the ethics commit-
tees of all participating centers. Written informed consent
was obtained from all participants prior to enrollment. To
protect participant privacy and confidentiality, all data were
deidentified before analysis and storage. No financial or other
compensation was provided to participants.

Results
Recruitment and Baseline Characteristics
Recruitment began in January 2023, with the first randomiza-
tion occurring on February 7, 2023, and the final follow-up
completed on October 23, 2023. Of the 102 patients screened,
16 were not eligible (7 failed lung function requirements; 5
had their diagnosis revised to asthma; and 4 were excluded
due to unstable angina, recent exacerbation, or low digital
literacy). Moreover, 16 patients did not participate in the
trial for various reasons, such as “not interested” and “had
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no time.” Finally, 70 patients met the inclusion and exclu-
sion criteria and were randomized into the MT, RW, or UC
groups. Data from all 70 patients were included in the mITT
analysis (Figure 1; Table S11 in Multimedia Appendix 2).
The randomized patients with COPD had a mean age of 64.3
(SD 6.7) years and had moderate airflow obstruction, with

a mean percentage of predicted FEV1 of 54.5% (SD 14.7%;
Table 2). Of the 70 participants, 55 (79%) completed the
12-week follow-up. Attrition was higher in the UC group
(8/22, 36%) than in the MT group (5/25, 20%) and RW group
(2/23, 9%).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. mITT: modified intention-to-treat; MT: multimodule training; RW:
rhythm-guided walking; UC: usual care.

Table 2. Baseline characteristics of the study participants (N=70).
Variable MTa group (n=25) RWb group (n=23) UCc group (n=22) P valued

Male, n (%) 20 (80) 16 (70) 19 (86) .43
Age (years), mean (SD) 65.6 (5.3) 64.6 (5.3) 62.7 (9.0) .33
BMI, mean (SD) 24.6 (3.5) 25.2 (4.4) 25.6 (2.6) .65
Smoking history, n (%) .79
  Currently smoking 5 (20) 6 (26) 5 (23)
  Previously smoked 12 (48) 10 (44) 13 (59)
  Never smoked 8 (32) 7 (30) 4 (18)
FEV1e (%pred), mean (SD) 52.5 (14.2) 57.2 (12.6) 53.9 (17.5) .53
GOLDf classification, n (%) .64
  Class 2 16 (64) 16 (70) 12 (55)
  Class 3 7 (28) 7 (30) 8 (36)
  Class 4 2 (8) 0 (0) 2 (9)
ISWTg distance (m), mean (SD) 384.7 (126.6) 365.0 (123.5) 367.7 (111.6) .83
mMRCh score, mean (SD) 1.7 (0.9) 1.2 (0.4) 1.2 (0.7) .02i

CATj score, mean (SD) 14.0 (6.6) 12.4 (8.1) 12.5 (5.6) .65
Medication, n (%) .09
  LAMAk 7 (28) 11 (48) 2 (9)
  LABAl + LAMA 5 (20) 3 (13) 4 (18)
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Variable MTa group (n=25) RWb group (n=23) UCc group (n=22) P valued

  ICSm + LABA 6 (24) 7 (30) 10 (46)
  ICS + LABA + LAMA 7 (28) 2 (9) 6 (27)

aMT: multimodule training.
bRW: rhythm-guided walking.
cUC: usual care.
dP values represent overall comparisons across the 3 groups (chi-square test or Fisher exact test for categorical variables; ANOVA for continuous
variables).
eFEV1: forced expiratory volume in 1 second.
fGOLD: Global Initiative for Chronic Obstructive Lung Disease.
gISWT: incremental shuttle walking test.
hmMRC: modified Medical Research Council dyspnea scale.
iP<.05 (significant).
jCAT: COPD (chronic obstructive pulmonary disease) Assessment Test.
kLAMA: inhaled long-acting muscarinic antagonist.
lLABA: inhaled long-acting β2-agonist.
mICS: inhaled corticosteroid.

Exercise Capacity
Changes in exercise capacity as measured by the ISWT
over the 12-week period across the 3 groups are presented
in Table 3 and Figure 2. At 12 weeks, the ISWT distance
differed significantly among the 3 groups. Pairwise compari-
sons showed that the ISWT distance was significantly greater
in the MT group than in the UC group (mean difference
[MD] 56.35 m, 95% CI 6.66-106.04 m; P=.03; Cohen d=0.3),
with the difference being clinically meaningful (Table 3;
Table S2 in Multimedia Appendix 2). Although the RW
group (the other intervention arm) showed a trend toward
a greater ISWT distance compared with the UC group, the

difference did not reach statistical significance (MD 38.91 m,
95% CI −10.91 to 88.74 m; P=.13). There was no significant
difference in the ISWT distance between the MT and RW
groups (P=.45; Table 3; Table S2 in Multimedia Appendix
2). The ISWT distance increased significantly from baseline
to 12 weeks in both the MT group (P<.001) and RW group
(P=.005) but not in the UC group (P=.39; Table 4). Addition-
ally, the proportion of patients meeting the ISWT responder
criteria was higher in the MT group (13/20, 65%) and RW
group (13/21, 62%) than in the UC group (4/14, 29%; Table
5).

Table 3. Comparison of the ISWTa distance among the MTb, RWc, and UCd groups at weeks 4, 8, and 12 (modified intention-to-treat population)e.
Variable Mean estimates (N=70) MT group vs UC group MT group vs RW group RW group vs UC group

MT group
(n=25)

RW group
(n=23)

UC group
(n=22)

Mean differencef
(95% CI）

P
valueg

Mean differencef
(95% CI）

P
valueg

Mean differencef
(95% CI）

P valueg

ISWT distance (m)
  4 weeks 377.4 371.9 374.8 2.55 (−46.78 to

51.88)
.92 5.46 (−38.11 to

49.04)
.81 −2.29 (−52.22 to

46.39)
.91

  8 weeks 422.3 408.4 411.5 10.82 (−38.87 to
60.51)

.67 13.92 (−30.34 to
58.18)

.54 −3.10 (−52.40 to
46.20)

.90

  12 weeks 445.2 427.7 388.8 56.35 (6.66 to 106.04) .03h 17.44 (−27.35 to
62.23)

.45 38.91 (−10.91 to
88.74)

.13

aISWT: incremental shuttle walking test.
bMT: multimodule training.
cRW: rhythm-guided walking.
dUC: usual care.
eThe linear mixed model included treatment group, time point of measurement, treatment by time point interaction, age, gender, BMI, and ISWT at
baseline (fixed effects), and site (random effect).
fDifferences at weeks 4, 8, and 12 between the groups are based on the differences in the marginal means of the linear mixed model.
gP values represent pairwise comparisons from the linear mixed model.
hP<.05 (significant).

JOURNAL OF MEDICAL INTERNET RESEARCH Shi et al

https://www.jmir.org/2026/1/e81707 J Med Internet Res 2026 | vol. 28 | e81707 | p. 7
(page number not for citation purposes)

https://www.jmir.org/2026/1/e81707


Figure 2. Changes in the primary outcome (incremental shuttle walking test [ISWT] distance) over 12 weeks in the multimodule training (MT),
rhythm-guided walking (RW), and usual care (UC) groups. Data points show means, and error bars represent 95% CIs. *P<.05 (MT group vs UC
group).

Table 4. Changes in primary and secondary outcomes from baseline to 12 weeks in the MTa, RWb, and UCc groups (N=70)d.
Variable MT group (n=25) RW group (n=23) UC group (n=22)
Exercise capacity
  ISWTe distance (m)
   Baseline, meanf (SD) 370.5 (16.1) 365.4 (16.3) 365.7 (17.4)
   Follow-up at 12 weeks, meanf (SD) 445.2 (18.0) 427.7 (16.9) 388.8 (21.3)
   Change from baselineg, mean (95% CI) 74.69 (31.96 to 117.42)h 62.35 (19.51 to 105.18)h 23.08 (−25.54 to 71.70)
Dyspnea
  mMRCi score
   Baseline, meanf (SD) 1.5 (0.2) 1.3 (0.2) 1.3 (0.2)
   Follow-up at 12 weeks, meanf (SD) 0.7 (0.2) 1.1 (0.2) 1.2 (0.2)
   Change from baselineg, mean (95% CI) −0.73 (−1.04 to −0.42)h −0.21 (−0.52 to 0.10) −0.15 (−0.50 to 0.20)
Quality of life
  CATj score
   Baseline, meanf (SD) 13.0 (1.2) 12.8 (1.2) 12.8 (1.3)
   Follow-up at 12 weeks, meanf (SD) 7.4 (1.3) 9.9 (1.3) 10.6 (1.5)
   Change from baselineg, mean (95% CI) −5.65 (−8.18 to −3.12)h −2.87 (−5.41 to −0.33)h −2.21 (−5.10 to 0.67)
  SGRQk score
   Baseline, meanf (SD) 37.8 (3.1) 37.0 (3.1) 36.2 (3.3)
   Follow-up at 12 weeks, meanf (SD) 27.5 (3.3) 26.9 (3.2) 30.1 (3.7)
   Change from baselineg, mean (95% CI) −10.30 (−16.23 to −4.37)h −10.07 (−16.03 to −4.11)h −6.02 (−12.78 to 0.74)
  EQ-5D-5L
   Baseline, meanf (SD) 0.16 (0.02) 0.14 (0.02) 0.13 (0.03)
   Follow-up at 12 weeks, meanf (SD) 0.04 (0.03) 0.05 (0.03) 0.07 (0.03)
   Change from baselineg, mean (95% CI) −0.12 (−0.19 to −0.06)h −0.09 (−0.15 to −0.03)h −0.05 (−0.13 to 0.02)
Mental condition
  HADS-Al score
   Baseline, meanf (SD) 4.3 (0.7) 4.1 (0.7) 4.0 (0.7)
   Follow-up at 12 weeks, meanf (SD) 2.7 (0.7) 3.9 (0.7) 5.0 (0.8)
   Change from baselineg, mean (95% CI) −1.61 (−3.05 to −0.17)h −0.21 (−1.66 to 1.24) 1.00 (−0.64 to 2.64)
  HADS-Dm score
   Baseline, meanf (SD) 4.7 (0.7) 4.6 (0.7) 4.1 (0.8)
   Follow-up at 12 weeks, meanf (SD) 2.8 (0.8) 3.9 (0.7) 4.3 (0.9)
   Change from baselineg, mean (95% CI) −1.91 (−3.50 to −0.31)h −0.69 (−2.29 to 0.91) 0.18 (−1.63 to 2.00)
Respiratory muscle function
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Variable MT group (n=25) RW group (n=23) UC group (n=22)
  MIPn (cmH2O)
   Baseline, meanf (SD) 79.5 (4.2) 82.5 (4.3) 79.2 (4.5)
   Follow-up at 12 weeks, meanf (SD) 92.2 (4.7) 82.3 (4.4) 85.5 (5.5)
   Change from baselineg, mean (95% CI) 12.76 (2.14 to 23.38)h −0.12 (−10.78 to 10.55) 6.37 (−5.73 to 18.48)
  MEPo (cmH2O)
   Baseline, meanf (SD) 85.7 (5.0) 89.1 (5.0) 82.3 (5.4)
   Follow-up at 12 weeks, meanf (SD) 102.6 (5.5) 87.3 (5.2) 95.8 (6.5)
   Change from baselineg, mean (95% CI) 16.87 (4.33 to 29.40)h −1.80 (−14.39 to 10.79) 13.53 (−0.76 to 27.82)

aMT: multimodule training.
bRW: rhythm-guided walking.
cUC: usual care.
dThe linear mixed model included treatment group, time point of measurement, treatment by time point interaction, age, gender, BMI, and ISWT at
baseline (fixed effects), and site (random effect).
eISWT: incremental shuttle walking test.
fMeans at baseline and week 12 are marginal means of the linear mixed model.
gDifferences between week 12 and baseline within each group are based on the differences in the marginal means of the linear mixed model.
hP<.05 (significant); the P value comparison is for the outcome at baseline vs that at week 12 within each group.
imMRC: modified Medical Research Council dyspnea scale.
jCAT: COPD (chronic obstructive pulmonary disease) Assessment Test.
kSGRQ: St. George’s Respiratory Questionnaire.
lHADS-A: Hospital Anxiety and Depression Scale-anxiety subscale.
mHADS-D: Hospital Anxiety and Depression Scale-depression subscale.
nMIP: maximal inspiratory pressure.
oMEP: maximal expiratory pressure.

Table 5. Proportion of participants in the MTa, RWb, and UCc groups achieving the MCIDd for the primary and secondary outcomes at week 12e.
Variable Participants (N=55), n (%) MT group vs UC group MT group vs RW group RW group vs UC group

MT group
(n=20)

RW group
(n=21)

UC group
(n=14)

Relative risk (95%
CI)

P value Relative risk (95%
CI)

P value Relative risk (95%
CI)

P value

ISWTf 13 (65) 13 (62) 4 (29) 6.72 (1.19‐38.16) .03 1.14 (0.26‐4.99) .86 5.87 (1.00‐34.60) .05
mMRCg 14 (70) 6 (29) 4 (29) 5.63 (1.02‐31.08) .048 4.47 (0.95‐21.01) .06 1.26 (0.21‐7.59) .80
CATh 14 (70) 12 (57) 10 (71) 1.99 (1.97‐2.00) <.001 2.15 (2.12‐2.18) <.001 0.92 (0.92‐0.93) <.001
SGRQi 14 (70) 13 (62) 7 (50) 4.34 (0.64‐29.33) .13 1.17 (0.22‐6.28) .85 3.71 (0.52‐26.47) .19
HADS-Aj 10 (50) 7 (33) 3 (21) 3.23 (0.43‐24.11) .25 2.78 (0.46‐16.73) .26 1.16 (0.12‐10.97) .90
HADS-Dk 11 (55) 8 (38) 5 (36) 3.59 (0.45‐28.90) .23 4.72 (0.65‐34.43) .13 0.76 (0.09‐6.10) .80
MIPl 5 (25) 2 (10) 4 (29) 1.04 (0.15‐7.25) .97 2.23 (0.22‐22.39) .49 0.46 (0.05‐4.52) .51

aMT: multimodule training.
bRW: rhythm-guided walking.
cUC: usual care.
dMCID: minimal clinically important difference.
eThe generalized linear mixed model included treatment group, time point of measurement, treatment by time point interaction, age, gender, BMI,
and baseline values (fixed effects), and site (random effect).
fISWT: incremental shuttle walking test.
gmMRC: modified Medical Research Council dyspnea scale.
hCAT: COPD (chronic obstructive pulmonary disease) Assessment Test.
iSGRQ: St. George’s Respiratory Questionnaire.
jHADS-A: Hospital Anxiety and Depression Scale-anxiety subscale.
kHADS-D: Hospital Anxiety and Depression Scale-depression subscale.
lMIP: maximal inspiratory pressure.

Dyspnea
At 12 weeks, the mMRC score was significantly lower in the
MT group than in the UC group (MD −0.44, 95% CI −0.80
to −0.08; P=.02) and RW group (MD −0.36, 95% CI −0.69
to −0.03; P=.03), indicating a reduced symptom burden in
the MT group. However, there was no significant difference
between the RW and UC groups (P=.64; Table 6; Figure 3).

The mMRC score decreased significantly from baseline to 12
weeks in the MT group only (P<.001; Table 4). Additionally,
the proportion of patients achieving the MCID was higher
in the MT group (14/20, 70%) than in the RW group (6/21,
29%) and UC group (4/14, 29%; Table 5). However, there
was no significant difference between the RW and UC groups
(P=.80).
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Table 6. Comparison of the secondary outcomes among the MTa, RWb, and UCc groups at week 12 (modified intention-to-treat population)d.
Variable Mean estimates (N=70) MT group vs UC group MT group vs RW group RW group vs UC group

MT
group
(n=25)

RW
group
(n=23)

UC
group
(n=22)

Mean differencee
(95% CI)

P
valuef

Mean differencee
(95% CI)

P
valuef

Mean differencee
(95% CI)

P
valuef

Dyspnea
  mMRCg 0.7 1.1 1.2 −0.44 (−0.80 to

−0.08)
.02h −0.36 (−0.69 to

−0.03)
.03h −0.09 (−0.44 to 0.27) .64

Quality of life
  CATi 7.4 9.9 10.6 −3.23 (−6.18 to

−0.29)
.03h −2.54 (−5.21 to 0.12) .06 −0.69 (−3.66 to 2.28) .65

  SGRQj 27.5 26.9 30.1 −2.67 (−9.59 to 4.24) .45 0.54 (−5.70 to 6.77) .87 −3.21 (−10.14 to
3.72)

.37

  EQ-5D-5L 0.04 0.05 0.07 −0.04 (−0.11 to 0.04) .33 −0.01 (−0.08 to 0.05) .68 −0.02 (−0.09 to 0.05) .55
Mental condition
  HADS-Ak 2.7 3.9 5.0 −2.31 (−3.99 to

−0.63)
.008h −1.27 (−2.79 to 0.24) .10 −1.04 (−2.72 to

−0.65)
.23

  HADS-Dl 2.8 3.9 4.3 −1.44 (−3.29 to 0.42) .13 −1.08 (−2.76 to 0.59) .21 −0.35 (−2.21 to 1.51) .71
Respiratory muscle function
  MIPm (cmH2O) 92.2 82.3 85.5 6.70 (−5.68 to 19.07) .29 9.90 (−1.28 to 21.07) .08 −3.20 (−15.64 to

9.24)
.61

  MEPn (cmH2O) 102.6 87.3 95.8 6.73 (−7.91 to 21.38) .37 15.24 (2.06 to 28.42) .02h −8.51 (−23.25 to
6.24)

.26

Prebronchodilator lung function (%pred)
  FEV1o 62.4 59.8 61.0 1.41 (−3.74 to 6.55) .59 2.62 (−1.98 to 7.23) .27 −1.22 (−6.48 to 4.04) .65
  FVCp 92.3 91.4 86.9 5.35 (−0.39 to 11.10) .07 0.82 (−4.24 to 5.87) .75 4.54 (−1.25 to 10.33) .13
  FEV1/FVC 51.9 50.8 48.4 3.42 (−0.81 to 7.65) .12 1.06 (−2.74 to 4.86) .59 2.36 (−1.94 to 6.66) .29
  PEFq 68.1 62.0 59.9 8.23 (−0.19 to 16.65) .06 6.06 (−1.52 to 13.64) .12 2.16 (−6.44 to 10.77) .62
  ICr 95.7 89.0 79.7 15.98 (4.76 to 27.21) .01h 6.66 (−2.48 to 15.79) .16 9.33 (−2.19 to 20.84) .12
  RVs 106.5 107.3 100.7 5.83 (−12.56 to

24.22)
.54 −0.80 (−17.14 to

15.53)
.92 6.63 (−12.11 to

25.38)
.49

  FRCt 101.3 102.5 106.0 −4.71 (−15.90 to
6.47)

.41 −1.16 (−11.53 to
9.22)

.83 −3.56 (−14.84 to
7.72)

.54

  TLCu 92.0 88.0 86.8 5.18 (−2.55 to 12.91) .19 4.02 (−2.97 to 11.01) .26 1.16 (−6.71 to 9.02) .77
aMT: multimodule training.
bRW: rhythm-guided walking.
cUC: usual care.
dThe linear mixed model included treatment group, time point of measurement, treatment by time point interaction, age, gender, BMI, and baseline
values (fixed effects), and site (random effect).
eDifferences at week 12 between the groups are based on the differences in the marginal means of the linear mixed model.
fP values represent pairwise comparisons from the linear mixed model.
gmMRC: modified Medical Research Council dyspnea scale.
hP<.05 (significant).
iCAT: COPD (chronic obstructive pulmonary disease) Assessment Test.
jSGRQ: St. George’s Respiratory Questionnaire.
kHADS-A: Hospital Anxiety and Depression Scale-anxiety subscale.
lHADS-D: Hospital Anxiety and Depression Scale-depression subscale.
mMIP: maximal inspiratory pressure.
nMEP: maximal expiratory pressure.
oFEV1: forced expiratory volume in 1 second.
pFVC: forced vital capacity.
qPEF: peak expiratory flow.
rIC: inspiratory capacity.
sRV: residual volume.
tFRC: functional residual capacity.
uTLC: total lung capacity.
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Figure 3. Changes in the key secondary outcomes over 12 weeks in the multimodule training (MT), rhythm-guided walking (RW), and usual care
(UC) groups: (A) dyspnea symptoms (modified Medical Research Council dyspnea scale [mMRC] score), (B) quality of life (COPD Assessment Test
[CAT] score), (C) anxiety symptoms (Hospital Anxiety and Depression Scale [HADS] Anxiety score), and (D) inspiratory capacity. Data points show
means, and error bars represent 95% CIs. *P<.05 (MT group vs UC group), **P<.05 (MT group vs RW group).

Assessment of HRQoL
For the SGRQ and EQ-5D-5L scores, no significant
differences were observed among the 3 groups at 12 weeks
(all P≥.05; Table 6). Nevertheless, clinically meaningful
improvements from baseline to 12 weeks were observed in
both the MT group (SGRQ: P<.001; EQ-5D-5L: P<.001) and
RW group (SGRQ: P=.001; EQ-5D-5L: P=.004); however,
changes in the UC group were not significant (SGRQ: P=.10;
EQ-5D-5L: P=.14; Table 4). The proportion of participants
achieving the MCID for the SGRQ did not differ significantly
among the 3 groups (Table 5). For the CAT scores at 12
weeks, a significant improvement exceeding the MCID was
observed in the MT group compared with the UC group (MD
−3.23, 95% CI −6.18 to −0.29; P=.03; Table 6; Figure 3).
However, there was no significant difference between the RW
and UC groups (P=.65) or between the MT and RW groups
(P=.06). In terms of the change in each group from baseline
to 12 weeks, the CAT score improved significantly in both
the MT group (P<.001) and RW group (P=.03) but not in the
UC group (P=.19; Table 4).
Anxiety and Depression
Regarding anxiety symptoms, pairwise comparisons revealed
statistically significant differences among the 3 groups at 12
months of follow-up (Table 6; Figure 3). Specifically, the MT
group demonstrated significantly greater reductions in anxiety
compared with the UC group (MD −2.31, 95% CI −3.99
to −0.63; P=.008). There were no significant differences

between the RW and UC groups (P=.23) or between the
MT and RW groups (P=.10). The HADS-A score improved
significantly from baseline to 12 weeks in the MT group
(P=.03) but not in the RW group (P=.80) or UC group
(P=.24; Table 4). The proportion of patients achieving the
MCID for the HADS-A score was higher in both the MT
group (10/20, 50%) and RW group (7/21, 33%) than in the
UC group (3/14, 21%). However, these differences did not
reach statistical significance (MT vs UC: P=.23; RW vs UC:
P=.80; Table 5). A similar trend was observed for depression
scores, though the difference across the 3 groups did not
reach statistical significance (Tables 5 and 6).
Lung Function Measurements
Among all pulmonary function parameters assessed at 12
weeks, only inspiratory capacity (IC) showed a statistically
significant difference in pairwise comparisons among the 3
groups. Specifically, IC was significantly higher in the MT
group than in the UC group (MD 15.98% predicted, 95% CI
4.76%-27.21%; P=.007). However, no significant differences
were observed between the RW and UC groups (P=.12) or
between the MT and RW groups (P=.16; Table 6; Figure 3).
The MT group also tended to be better at increasing the peak
expiratory flow compared with the UC group at 12 weeks,
though the difference was not statistically significant (P=.06;
Table 6).
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App Adherence and Satisfaction
During the 12 weeks, except for patients who dropped
out midway, all patients in the 2 intervention groups who
completed the 12-week follow-up remained adherent users
(MT: 20/25, 80%; RW: 21/23, 91%). The mean training
session completion rate was 96.1% (SD 7.1%) in the MT
group and 97.1% (SD 4.3%) in the RW group (Table S9 in
Multimedia Appendix 2). Patient satisfaction with the app
was very high. Except for patients who dropped out mid-
way, all patients in the 2 intervention groups who completed
the 12-week follow-up (MT: 20/25, 80%; RW: 21/23, 91%)
were satisfied or very satisfied with the app (Table S10 in
Multimedia Appendix 2). No participant withdrew from this
study due to unresolved technical issues.
Sensitivity Analysis
Sensitivity analyses for missing data did not show marked
differences from the primary analyses (Table S6 in Multime-
dia Appendix 2). From the per-protocol analysis, the ISWT
distance was significantly higher among participants adhering
to MT than among participants receiving UC at 12 weeks
(P=.03). There was no significant difference between the RW
and UC groups (P=.61) or between the MT and RW groups
(P=.46; Table S4 in Multimedia Appendix 2). The results for
secondary outcomes were also similar to the findings of the
mITT analysis (Table S5 in Multimedia Appendix 2).

No significant correlations were identified between
baseline characteristics or other factors and achieving the
MCID for the ISWT (all P≥.05; Table S7 in Multimedia
Appendix 2). Additionally, there were no clear predictors of
noncompletion among the collected characteristics (Table S8
in Multimedia Appendix 2).

Discussion
Principal Findings
Our study demonstrated that the use of a 12-week music-
facilitated PR program (including tempo-guided walking and
singing) based on mHealth technology resulted in clini-
cally meaningful improvements in exercise capacity among
patients with COPD compared to UC, with a moderate effect
size [52]. Secondary outcomes also showed benefits with MT
compared to UC, including improved dyspnea, quality of life,
psychological status, and IC.

Our findings align with recent research on music interven-
tions for COPD [20,22,23,30-32,53]. However, the findings
are not directly comparable as previous studies involved
outpatient settings or community care, and the intervention
was delivered to individuals or small groups by qualified
music therapists and physiotherapists [24,25]. In COPDMEL-
ODY, music-facilitated PR was home-based and provided
through predesigned online programs with a smartphone
app. The consistent findings suggest that home-based music
interventions may be as effective as hospital- or community-
based interventions targeting COPD, aided by well-designed
training sessions and remote technology. This might help with

the great imbalance between the large COPD population and
restricted rehabilitation resources.

Following the Medical Research Council framework, the
MT program represents a multicomponent complex interven-
tion where various elements interact to produce clinical
benefits [54]. The foundation of this intervention is aero-
bic exercise through tempo-guided walking. Within this
framework, music added to exercise serves as a critical
distractive auditory stimulus, shifting the patient’s focus away
from an attention-demanding sensation (dyspnea) toward an
external one (listening to music), which enables them to
reach and maintain target exercise intensities more stably [20,
21]. Singing acts as a key “active ingredient” specifically
targeting respiratory mechanics. By controlling expiratory
flow, lowering operating lung volumes, and doming the
diaphragm to support exhalation, singing is more effective
in reducing dyspnea symptoms [29]. This was supported by
analyses of lung function indicating that MT was superior to
UC at decreasing pulmonary hyperinflation, which is one of
the main causes of dyspnea in COPD [55,56]. Furthermore,
the intervention’s context was optimized through mHealth
technology. The integration of smartphone apps and wearable
wristwatches has been shown to reduce the complexity of
delivering MT in a home setting while ensuring high protocol
fidelity [14,19]. From a behavioral perspective, the inher-
ent enjoyment and pleasure derived from the music-based
program enhanced motivation and adherence [57-59], which
was supported by the training data objectively measured by
the app.

In contrast, RW failed to significantly improve clini-
cal outcomes compared to UC, despite causing significant
within-group improvements from baseline to 12 weeks in
exercise capacity (ISWT distance) and quality of life (CAT
and SGRQ scores). The findings do not align with previous
studies suggesting that tempo-guided walking alone could
improve exercise capacity [20,53], a discrepancy that may be
attributed to the fact that the duration of walking training in
those studies was substantially longer than that in our trial.
Consequently, these findings suggest that the duration and
frequency of walking sessions in our trial may need to be
increased or supplemented with other active training modules.

Regarding the difference between MT and RW, MT
demonstrated a potentially greater benefit in alleviating
dyspnea compared to RW. This likely reflects the additive
value of singing as a critical “active ingredient” within the
complex intervention framework [22,29]. Such a multimodule
approach appears to address the compound pathophysiologi-
cal changes in COPD more comprehensively; however, these
preliminary observations warrant further validation in future
studies with adequate statistical power. We also explored the
baseline predictors of achieving the MCID for the ISWT
distance and those of study dropout. These exploratory
analyses were conducted to identify which patients are most
likely to benefit from smartphone app–based music-facilitated
PR and which patients are at the greatest risk of attrition—
key questions in the field. No significant predictors were
identified in either analysis. The absence of clear predictors
in our sample may reflect the relatively modest sample size,
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the homogeneity of our stable COPD cohort, and the lack
of music-related personal characteristics collected. However,
several previous PR studies have demonstrated that high
adherence is the strongest driver of achieving the MCID for
the 6-Minute Walk Test, whereas current smoking, poor lung
function, and high symptom burden are associated with an
increased risk of dropout [23,60]. These findings highlight the
need for larger-scale and more refined future studies to better
identify patient subgroups that are most likely to benefit from
this kind of PR program.
Strengths and Limitations
Our research has several advantages. COPDMELODY is the
translation of research evidence for music-facilitated exercise
and singing training from a hospital or community context
to a home context. Most studies focus on a single kind of
intervention, while an optimal rehabilitation program relies on
diverse components targeting compound pathophysiological
changes in COPD [33]. Following the framework for complex
interventions, we innovatively leveraged the synergistic
effects of combining receptive and active music interventions,
enabling patients to receive the maximum benefit. Prede-
signed music used to guide training was provided by qualified
music therapists and experienced clinicians. The training time
and intensity of each patient were captured by the app and
wristwatch. Besides a face-to-face course on how to perform
tempo-guided walking and singing, patients had a video-
conference with us during their first training session. This
approach helped our trial achieve high intervention protocol
fidelity [61]. To ensure the personalization and incrementality
of PR, we performed the ISWT for each patient every 4
weeks [35]. Finally, this study will inform a larger trial in
terms of methodology, eligibility criteria, recruitment process,
sample size, randomization procedure, data collection, and
data analysis process. The trial will allow for a review of
the case definitions of primary outcomes, an overview of
participant retention rates, and the identification of unantici-
pated challenges that can be addressed when preparing for a
larger trial.

Our study also has some limitations. Our study was a
proof-of-concept study on the impact of home-based music-
facilitated PR. This trial was limited by its design and small
sample size, and it lacked adequate power to demonstrate

significant effects for all measured outcomes. The study made
multiple comparisons between arms, which can lead to a false
inference. However, as this was a pilot study, the results will
not be used to make treatment decisions, but the findings
can be used to generate hypotheses in subsequent, adequately
powered trials. Although the final sample size exceeded the
minimum target calculated in the sample size estimation,
enrollment was terminated earlier than originally planned
in the protocol due to practical constraints. In addition,
the outcomes were evaluated over a relatively short period;
thus, the intervention effect and its sustainability need to be
validated in future studies. During the follow-up, the ISWT
distance increased steadily among participants in the MT
group but showed a fluctuating trend among participants
in the UC group, whose exercise capacity might be influ-
enced by autonomous physical activities [62]. Other clinical
outcomes, including subjective and objective outcomes,
supported the benefits of our PR program. Furthermore, the
study population was limited to smartphone users, potentially
excluding those with lower digital literacy. However, with the
continuously growing number of smartphone users globally,
our program has the potential to provide a supplement to
or substitute (according to individual needs) for traditional
center-based PR [63]. The music tracks and songs were
predefined rather than based on individual choice. Although
we curated “golden oldies” (1950s to 1970s) and popular hits
from Chinese streaming platforms, the lack of personaliza-
tion may have influenced engagement. Future research could
further enhance this model by allowing participants to select
music to maximize the benefits of the program.
Conclusions
The findings of this study demonstrate that our smartphone
app–based music-facilitated multicomponent PR program,
involving RW and singing, has a positive effect on physiolog-
ical and psychological outcomes among patients with COPD
compared to UC. Specifically, exercise capacity, dyspnea,
quality of life, anxiety, and IC showed significantly better
improvements with MT than with UC. There is a need for
further longitudinal, multicenter studies with fully powered
samples to confirm sustained benefits and identify additional
statistically significant events.

Acknowledgments
We acknowledge CHIC Health Technology (Shanghai, China) for their technical support in the design and development of
the mini-program in the Qiyue app used in our study. We thank the research staff of the COPDMELODY (Music Therapy for
COPD Rehabilitation) research group for their dedication.
Funding
This study was supported by the Noncommunicable Chronic Diseases-National Science and Technology Major Project
(2023ZD0506003), the CAMS Innovation Fund for Medical Sciences (CIFMS) (2021-I2M-1-049, 2022-I2M-C&T-B-107),
and research projects of China-Japan Friendship Hospital (2022-HX-16, ZRJY2024-GG06).
Data Availability
Data may be made available according to the data sharing policy of local partners and ethics committees upon reasonable
request to the corresponding author.
Authors’ Contributions

JOURNAL OF MEDICAL INTERNET RESEARCH Shi et al

https://www.jmir.org/2026/1/e81707 J Med Internet Res 2026 | vol. 28 | e81707 | p. 13
(page number not for citation purposes)

https://www.jmir.org/2026/1/e81707


M.S. and S.Q. conceived and designed the study. X.B., J.Z., K.L., J.W., Y.Z., J.L., S.W., W.L., X.T., J.Y. and Y.P. contributed
significantly to data collection, analysis and interpretation. K.H., T.Y. and C.W. supervised the study and critically revised the
manuscript for important intellectual content. K.H. and T.Y. contributed equally as co-corresponding authors.
Conflicts of Interest
None declared.
Multimedia Appendix 1
Clinical trial protocol.
[DOC File (Microsoft Word File), 473 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Additional material to support the study.
[DOCX File (Microsoft Word File), 6963 KB-Multimedia Appendix 2]

Checklist 1
CONSORT checklist.
[DOC File (Microsoft Word File), 224 KB-Checklist 1]
References
1. Momtazmanesh S, Moghaddam SS, Ghamari SH. Global burden of chronic respiratory diseases and risk factors,

1990-2019: an update from the Global Burden of Disease Study 2019. EClinicalMedicine. May 2023;59:101936. [doi:
10.1016/j.eclinm.2023.101936] [Medline: 37229504]

2. Wang C, Xu J, Yang L, et al. Prevalence and risk factors of chronic obstructive pulmonary disease in China (the China
Pulmonary Health [CPH] study): a national cross-sectional study. Lancet. Apr 28, 2018;391(10131):1706-1717. [doi: 10.
1016/S0140-6736(18)30841-9] [Medline: 29650248]

3. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease. Global
Initiative for Chronic Obstructive Lung Disease, Inc; 2026. URL: https://goldcopd.org/wp-content/uploads/2026/01/
GOLD-REPORT-2026-v1.3-8Dec2025_WMV2.pdf [Accessed 2026-04-15]

4. Spruit MA, Singh SJ, Garvey C, et al. An official American Thoracic Society/European Respiratory Society statement:
key concepts and advances in pulmonary rehabilitation. Am J Respir Crit Care Med. Oct 15, 2013;188(8):e13-64. [doi:
10.1164/rccm.201309-1634ST] [Medline: 24127811]

5. Rochester CL, Alison JA, Carlin B, et al. Pulmonary rehabilitation for adults with chronic respiratory disease: an official
American Thoracic Society clinical practice guideline. Am J Respir Crit Care Med. Aug 15, 2023;208(4):e7-e26. [doi:
10.1164/rccm.202306-1066ST] [Medline: 37581410]

6. Lindenauer PK, Stefan MS, Pekow PS, et al. Association between initiation of pulmonary rehabilitation after
hospitalization for COPD and 1-year survival among Medicare beneficiaries. JAMA. May 12, 2020;323(18):1813-1823.
[doi: 10.1001/jama.2020.4437] [Medline: 32396181]

7. Press VG, Nici L. Improving pulmonary rehabilitation participation: it’s time to examine the system. Annals ATS. Dec
2024;21(12):1655-1656. [doi: 10.1513/AnnalsATS.202410-1003ED]

8. 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]

9. Keating A, Lee A, Holland AE. What prevents people with chronic obstructive pulmonary disease from attending
pulmonary rehabilitation? A systematic review. Chron Respir Dis. 2011;8(2):89-99. [doi: 10.1177/1479972310393756]
[Medline: 21596892]

10. Uzzaman MN, Agarwal D, Chan SC, et al. Effectiveness of home-based pulmonary rehabilitation: systematic review and
meta-analysis. Eur Respir Rev. Sep 30, 2022;31(165):220076. [doi: 10.1183/16000617.0076-2022] [Medline: 36130789]

11. 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]

12. Hansen H, Bieler T, Beyer N, et al. Supervised pulmonary tele-rehabilitation versus pulmonary rehabilitation in severe
COPD: a randomised multicentre trial. Thorax. May 2020;75(5):413-421. [doi: 10.1136/thoraxjnl-2019-214246]
[Medline: 32229541]

13. Cox NS, Dal Corso S, Hansen H, et al. Telerehabilitation for chronic respiratory disease. Cochrane Database Syst Rev.
Jan 29, 2021;1(1):CD013040. [doi: 10.1002/14651858.CD013040.pub2] [Medline: 33511633]

JOURNAL OF MEDICAL INTERNET RESEARCH Shi et al

https://www.jmir.org/2026/1/e81707 J Med Internet Res 2026 | vol. 28 | e81707 | p. 14
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=jmir_v28i1e81707_app1.doc
https://jmir.org/api/download?alt_name=jmir_v28i1e81707_app1.doc
https://jmir.org/api/download?alt_name=jmir_v28i1e81707_app2.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e81707_app2.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e81707_app3.doc
https://jmir.org/api/download?alt_name=jmir_v28i1e81707_app3.doc
https://doi.org/10.1016/j.eclinm.2023.101936
http://www.ncbi.nlm.nih.gov/pubmed/37229504
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.1016/S0140-6736(18)30841-9
http://www.ncbi.nlm.nih.gov/pubmed/29650248
https://goldcopd.org/wp-content/uploads/2026/01/GOLD-REPORT-2026-v1.3-8Dec2025_WMV2.pdf
https://goldcopd.org/wp-content/uploads/2026/01/GOLD-REPORT-2026-v1.3-8Dec2025_WMV2.pdf
https://doi.org/10.1164/rccm.201309-1634ST
http://www.ncbi.nlm.nih.gov/pubmed/24127811
https://doi.org/10.1164/rccm.202306-1066ST
http://www.ncbi.nlm.nih.gov/pubmed/37581410
https://doi.org/10.1001/jama.2020.4437
http://www.ncbi.nlm.nih.gov/pubmed/32396181
https://doi.org/10.1513/AnnalsATS.202410-1003ED
https://doi.org/10.1164/rccm.201510-1966ST
http://www.ncbi.nlm.nih.gov/pubmed/26623686
https://doi.org/10.1177/1479972310393756
http://www.ncbi.nlm.nih.gov/pubmed/21596892
https://doi.org/10.1183/16000617.0076-2022
http://www.ncbi.nlm.nih.gov/pubmed/36130789
https://doi.org/10.2196/mhealth.5921
http://www.ncbi.nlm.nih.gov/pubmed/27589898
https://doi.org/10.1136/thoraxjnl-2019-214246
http://www.ncbi.nlm.nih.gov/pubmed/32229541
https://doi.org/10.1002/14651858.CD013040.pub2
http://www.ncbi.nlm.nih.gov/pubmed/33511633
https://www.jmir.org/2026/1/e81707


14. 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]

15. 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]

16. 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:e41753. [doi: 10.2196/41753] [Medline: 38179689]

17. Zhuang M, Hassan II, W Ahmad WMA, et al. Effectiveness of digital health interventions for chronic obstructive
pulmonary disease: systematic review and meta-analysis. J Med Internet Res. May 26, 2025;27:e76323. [doi: 10.2196/
76323] [Medline: 40418567]

18. 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. Jun 28,
2024;24(1):305. [doi: 10.1186/s12890-024-03104-8] [Medline: 38943129]

19. Chung C, Kim DK, Lee JK, et al. Smartphone app-guided pulmonary rehabilitation in chronic respiratory diseases:
randomized controlled trial. JMIR Mhealth Uhealth. Aug 25, 2025;13:e64884. [doi: 10.2196/64884] [Medline:
40854157]

20. Lee AL, Desveaux L, Goldstein RS, Brooks D. Distractive auditory stimuli in the form of music in individuals with
COPD: a systematic review. Chest. Aug 2015;148(2):417-429. [doi: 10.1378/chest.14-2168] [Medline: 25741661]

21. Lee AL, Dolmage TE, Rhim M, Goldstein RS, Brooks D. The impact of listening to music during a high-intensity
exercise endurance test in people with COPD. Chest. May 2018;153(5):1134-1141. [doi: 10.1016/j.chest.2017.12.001]
[Medline: 29253555]

22. Lewis A, Cave P, Stern M, et al. Singing for Lung Health-a systematic review of the literature and consensus statement.
NPJ Prim Care Respir Med. Dec 1, 2016;26:16080. [doi: 10.1038/npjpcrm.2016.80] [Medline: 27906158]

23. Kaasgaard M, Rasmussen DB, Andreasson KH, et al. Use of Singing for Lung Health as an alternative training modality
within pulmonary rehabilitation for COPD: a randomised controlled trial. Eur Respir J. May 2022;59(5):2101142. [doi:
10.1183/13993003.01142-2021] [Medline: 34625480]

24. Feng X, Gao Y, Hu H, et al. The effects of music therapy on patients with chronic obstructive pulmonary disease: a
systematic review and meta-analysis. Physiother Theory Pract. Jul 2025;41(7):1478-1494. [doi: 10.1080/09593985.2024.
2420010] [Medline: 39487969]

25. Huang J, Yuan X, Zhang N, Qiu H, Chen X. Music therapy in adults with COPD. Respir Care. Mar 2021;66(3):501-509.
[doi: 10.4187/respcare.07489] [Medline: 33144384]

26. Hernandez A, Bronas UG, Steffen AD, et al. Rhythmic auditory stimulation increases 6-minute walk distance in
individuals with COPD: a repeated measures study. Heart Lung. 2020;49(3):324-328. [doi: 10.1016/j.hrtlng.2020.01.
006] [Medline: 32067724]

27. Liang Z, Yip H, Sena Moore K, et al. Self-managed music-guided exercise intervention improved upper and lower
extremity muscle strength for ICU survivors-a pilot randomized controlled study. Biol Res Nurs. Apr
2022;24(2):145-151. [doi: 10.1177/10998004211050297] [Medline: 34738474]

28. Koelsch S. Brain correlates of music-evoked emotions. Nat Rev Neurosci. Mar 2014;15(3):170-180. [doi: 10.1038/
nrn3666] [Medline: 24552785]

29. Lewis A, Philip KEJ, Lound A, Cave P, Russell J, Hopkinson NS. The physiology of singing and implications for
“Singing for Lung Health” as a therapy for individuals with chronic obstructive pulmonary disease. BMJ Open Respir
Res. Nov 2021;8(1):e000996. [doi: 10.1136/bmjresp-2021-000996] [Medline: 34764199]

30. Liu H, Song M, Zhai ZH, Shi RJ, Zhou XL. Group singing improves depression and life quality in patients with stable
COPD: a randomized community-based trial in China. Qual Life Res. Mar 2019;28(3):725-735. [doi: 10.1007/s11136-
018-2063-5] [Medline: 30612266]

31. Hart MK, Stewardson E, Jamil AK, Tecson KM, Millard MW. Usefulness of harmonica playing to improve outcomes in
patients with chronic obstructive pulmonary disease. Proc (Bayl Univ Med Cent). Apr 2020;33(2):178-182. [doi: 10.
1080/08998280.2019.1704135] [Medline: 32313456]

32. Canga B, Azoulay R, Raskin J, Loewy J. AIR: Advances in Respiration - music therapy in the treatment of chronic
pulmonary disease. Respir Med. Dec 2015;109(12):1532-1539. [doi: 10.1016/j.rmed.2015.10.001] [Medline: 26522499]

33. Holland AE, Cox NS, Houchen-Wolloff L, et al. Defining modern pulmonary rehabilitation. an official American
Thoracic Society workshop report. Ann Am Thorac Soc. May 2021;18(5):e12-e29. [doi: 10.1513/AnnalsATS.202102-
146ST] [Medline: 33929307]

JOURNAL OF MEDICAL INTERNET RESEARCH Shi et al

https://www.jmir.org/2026/1/e81707 J Med Internet Res 2026 | vol. 28 | e81707 | p. 15
(page number not for citation purposes)

https://doi.org/10.1136/thorax-2024-221803
http://www.ncbi.nlm.nih.gov/pubmed/39706685
https://doi.org/10.1136/thoraxjnl-2021-218338
http://www.ncbi.nlm.nih.gov/pubmed/35450945
https://doi.org/10.2196/41753
http://www.ncbi.nlm.nih.gov/pubmed/38179689
https://doi.org/10.2196/76323
https://doi.org/10.2196/76323
http://www.ncbi.nlm.nih.gov/pubmed/40418567
https://doi.org/10.1186/s12890-024-03104-8
http://www.ncbi.nlm.nih.gov/pubmed/38943129
https://doi.org/10.2196/64884
http://www.ncbi.nlm.nih.gov/pubmed/40854157
https://doi.org/10.1378/chest.14-2168
http://www.ncbi.nlm.nih.gov/pubmed/25741661
https://doi.org/10.1016/j.chest.2017.12.001
http://www.ncbi.nlm.nih.gov/pubmed/29253555
https://doi.org/10.1038/npjpcrm.2016.80
http://www.ncbi.nlm.nih.gov/pubmed/27906158
https://doi.org/10.1183/13993003.01142-2021
http://www.ncbi.nlm.nih.gov/pubmed/34625480
https://doi.org/10.1080/09593985.2024.2420010
https://doi.org/10.1080/09593985.2024.2420010
http://www.ncbi.nlm.nih.gov/pubmed/39487969
https://doi.org/10.4187/respcare.07489
http://www.ncbi.nlm.nih.gov/pubmed/33144384
https://doi.org/10.1016/j.hrtlng.2020.01.006
https://doi.org/10.1016/j.hrtlng.2020.01.006
http://www.ncbi.nlm.nih.gov/pubmed/32067724
https://doi.org/10.1177/10998004211050297
http://www.ncbi.nlm.nih.gov/pubmed/34738474
https://doi.org/10.1038/nrn3666
https://doi.org/10.1038/nrn3666
http://www.ncbi.nlm.nih.gov/pubmed/24552785
https://doi.org/10.1136/bmjresp-2021-000996
http://www.ncbi.nlm.nih.gov/pubmed/34764199
https://doi.org/10.1007/s11136-018-2063-5
https://doi.org/10.1007/s11136-018-2063-5
http://www.ncbi.nlm.nih.gov/pubmed/30612266
https://doi.org/10.1080/08998280.2019.1704135
https://doi.org/10.1080/08998280.2019.1704135
http://www.ncbi.nlm.nih.gov/pubmed/32313456
https://doi.org/10.1016/j.rmed.2015.10.001
http://www.ncbi.nlm.nih.gov/pubmed/26522499
https://doi.org/10.1513/AnnalsATS.202102-146ST
https://doi.org/10.1513/AnnalsATS.202102-146ST
http://www.ncbi.nlm.nih.gov/pubmed/33929307
https://www.jmir.org/2026/1/e81707


34. Shi M, Yang L, Qumu S, et al. Efficacy and safety of a music-therapy facilitated pulmonary telerehabilitation program in
COPD patients: the COPDMELODY study protocol. Front Med (Lausanne). 2024;11:1361053. [doi: 10.3389/fmed.
2024.1361053] [Medline: 38523907]

35. Singh SJ, Morgan MD, Scott S, Walters D, Hardman AE. Development of a shuttle walking test of disability in patients
with chronic airways obstruction. Thorax. Dec 1992;47(12):1019-1024. [doi: 10.1136/thx.47.12.1019] [Medline:
1494764]

36. Endurance - lower limb. Australian Pulmonary Rehabilitation - Lung Foundation Australia. URL: https://
pulmonaryrehab.com.au/exercise-training/exercise-prescription/endurance-lower-limb [Accessed 2026-04-15]

37. Palermo P, Corrà U. Exercise prescriptions for training and rehabilitation in patients with heart and lung disease. Ann
Am Thorac Soc. Jul 2017;14(Supplement_1):S59-S66. [doi: 10.1513/AnnalsATS.201702-160FR] [Medline: 28719753]

38. Singh SJ, Morgan MD, Hardman AE, Rowe C, Bardsley PA. Comparison of oxygen uptake during a conventional
treadmill test and the shuttle walking test in chronic airflow limitation. Eur Respir J. Nov 1994;7(11):2016-2020.
[Medline: 7875275]

39. 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] [Medline: 25359355]

40. Evans RA, Singh SJ. Minimum important difference of the incremental shuttle walk test distance in patients with COPD.
Thorax. Oct 2019;74(10):994-995. [doi: 10.1136/thoraxjnl-2018-212725] [Medline: 31147399]

41. Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha JA. Usefulness of the Medical Research Council
(MRC) dyspnoea scale as a measure of disability in patients with chronic obstructive pulmonary disease. Thorax. Jul
1999;54(7):581-586. [doi: 10.1136/thx.54.7.581] [Medline: 10377201]

42. Dodd JW, Hogg L, Nolan J, et al. The COPD assessment test (CAT): response to pulmonary rehabilitation. A
multicentre, prospective study. Thorax. May 2011;66(5):425-429. [doi: 10.1136/thx.2010.156372] [Medline: 21398686]

43. Rutten-van Mölken M, Oostenbrink JB, Tashkin DP, Burkhart D, Monz BU. Does quality of life of COPD patients as
measured by the generic EuroQol five-dimension questionnaire differentiate between COPD severity stages? Chest. Oct
2006;130(4):1117-1128. [doi: 10.1378/chest.130.4.1117] [Medline: 17035446]

44. Xu W, Collet JP, Shapiro S, et al. Validation and clinical interpretation of the St George’s Respiratory Questionnaire
among COPD patients, China. Int J Tuberc Lung Dis. Feb 2009;13(2):181-189. [Medline: 19146745]

45. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression Scale. an updated
literature review. J Psychosom Res. Feb 2002;52(2):69-77. [doi: 10.1016/s0022-3999(01)00296-3] [Medline: 11832252]

46. Miller MR, Crapo R, Hankinson J, et al. General considerations for lung function testing. Eur Respir J. Jul
2005;26(1):153-161. [doi: 10.1183/09031936.05.00034505] [Medline: 15994402]

47. Laveneziana P, Albuquerque A, Aliverti A, et al. ERS statement on respiratory muscle testing at rest and during exercise.
Eur Respir J. Jun 2019;53(6):1801214. [doi: 10.1183/13993003.01214-2018] [Medline: 30956204]

48. Leung RWM, McKeough ZJ, Peters MJ, Alison JA. Short-form Sun-style t’ai chi as an exercise training modality in
people with COPD. Eur Respir J. May 2013;41(5):1051-1057. [doi: 10.1183/09031936.00036912]

49. Wang CH, Chou PC, Joa WC, et al. Mobile-phone-based home exercise training program decreases systemic
inflammation in COPD: a pilot study. BMC Pulm Med. Aug 30, 2014;14(1):142. [doi: 10.1186/1471-2466-14-142]
[Medline: 25175787]

50. Alghamdi SM, Rajah AMA, Aldabayan YS, Aldhahir AM, Alqahtani JS, Alzahrani AA. Chronic obstructive pulmonary
disease patients’ acceptance in e-health clinical trials. Int J Environ Res Public Health. May 14, 2021;18(10):5230. [doi:
10.3390/ijerph18105230] [Medline: 34069028]

51. Spielmanns M, Fuchs-Bergsma C, Winkler A, Fox G, Krüger S, Baum K. Effects of oxygen supply during training on
subjects with COPD who are normoxemic at rest and during exercise: a blinded randomized controlled trial. Respir Care.
Apr 2015;60(4):540-548. [doi: 10.4187/respcare.03647] [Medline: 25516993]

52. Kinney AR, Eakman AM, Graham JE. Novel effect size interpretation guidelines and an evaluation of statistical power
in rehabilitation research. Arch Phys Med Rehabil. Dec 2020;101(12):2219-2226. [doi: 10.1016/j.apmr.2020.02.017]
[Medline: 32272106]

53. Ho CF, Maa SH, Shyu YIL, Lai YT, Hung TC, Chen HC. Effectiveness of paced walking to music at home for patients
with COPD. COPD. Aug 2012;9(5):447-457. [doi: 10.3109/15412555.2012.685664] [Medline: 22643033]

54. Skivington K, Matthews L, Simpson SA, et al. A new framework for developing and evaluating complex interventions:
update of Medical Research Council guidance. BMJ. Sep 30, 2021;374:n2061. [doi: 10.1136/bmj.n2061] [Medline:
34593508]

JOURNAL OF MEDICAL INTERNET RESEARCH Shi et al

https://www.jmir.org/2026/1/e81707 J Med Internet Res 2026 | vol. 28 | e81707 | p. 16
(page number not for citation purposes)

https://doi.org/10.3389/fmed.2024.1361053
https://doi.org/10.3389/fmed.2024.1361053
http://www.ncbi.nlm.nih.gov/pubmed/38523907
https://doi.org/10.1136/thx.47.12.1019
http://www.ncbi.nlm.nih.gov/pubmed/1494764
https://pulmonaryrehab.com.au/exercise-training/exercise-prescription/endurance-lower-limb
https://pulmonaryrehab.com.au/exercise-training/exercise-prescription/endurance-lower-limb
https://doi.org/10.1513/AnnalsATS.201702-160FR
http://www.ncbi.nlm.nih.gov/pubmed/28719753
http://www.ncbi.nlm.nih.gov/pubmed/7875275
https://doi.org/10.1183/09031936.00150314
https://doi.org/10.1183/09031936.00150314
http://www.ncbi.nlm.nih.gov/pubmed/25359355
https://doi.org/10.1136/thoraxjnl-2018-212725
http://www.ncbi.nlm.nih.gov/pubmed/31147399
https://doi.org/10.1136/thx.54.7.581
http://www.ncbi.nlm.nih.gov/pubmed/10377201
https://doi.org/10.1136/thx.2010.156372
http://www.ncbi.nlm.nih.gov/pubmed/21398686
https://doi.org/10.1378/chest.130.4.1117
http://www.ncbi.nlm.nih.gov/pubmed/17035446
http://www.ncbi.nlm.nih.gov/pubmed/19146745
https://doi.org/10.1016/s0022-3999(01)00296-3
http://www.ncbi.nlm.nih.gov/pubmed/11832252
https://doi.org/10.1183/09031936.05.00034505
http://www.ncbi.nlm.nih.gov/pubmed/15994402
https://doi.org/10.1183/13993003.01214-2018
http://www.ncbi.nlm.nih.gov/pubmed/30956204
https://doi.org/10.1183/09031936.00036912
https://doi.org/10.1186/1471-2466-14-142
http://www.ncbi.nlm.nih.gov/pubmed/25175787
https://doi.org/10.3390/ijerph18105230
http://www.ncbi.nlm.nih.gov/pubmed/34069028
https://doi.org/10.4187/respcare.03647
http://www.ncbi.nlm.nih.gov/pubmed/25516993
https://doi.org/10.1016/j.apmr.2020.02.017
http://www.ncbi.nlm.nih.gov/pubmed/32272106
https://doi.org/10.3109/15412555.2012.685664
http://www.ncbi.nlm.nih.gov/pubmed/22643033
https://doi.org/10.1136/bmj.n2061
http://www.ncbi.nlm.nih.gov/pubmed/34593508
https://www.jmir.org/2026/1/e81707


55. de Freitas A, Belo LF, Martinez L, Hernandes NA, Pitta F. Use of the Borg dyspnea scale to identify dynamic
hyperinflation during the 6-minute walking test in individuals with moderate-severe COPD: a pilot study. Pulmonology.
2023;29(4):335-337. [doi: 10.1016/j.pulmoe.2023.02.003] [Medline: 36907815]

56. Philip KEJ, Owles H, McVey S, et al. An online breathing and wellbeing programme (ENO Breathe) for people with
persistent symptoms following COVID-19: a parallel-group, single-blind, randomised controlled trial. Lancet Respir
Med. Sep 2022;10(9):851-862. [doi: 10.1016/S2213-2600(22)00125-4] [Medline: 35489367]

57. Baker FA, Pac Soo V, Bloska J, et al. Home-based family caregiver-delivered music and reading interventions for people
living with dementia (HOMESIDE trial): an international randomised controlled trial. EClinicalMedicine. Nov
2023;65:102224. [doi: 10.1016/j.eclinm.2023.102224] [Medline: 38106552]

58. Gómez-Gallego M, Gómez-Gallego JC, Gallego-Mellado M, García-García J. Comparative efficacy of active group
music intervention versus group music listening in Alzheimer’s disease. Int J Environ Res Public Health. Jul 30,
2021;18(15):8067. [doi: 10.3390/ijerph18158067] [Medline: 34360360]

59. Terry PC, Karageorghis CI, Curran ML, Martin OV, Parsons-Smith RL. Effects of music in exercise and sport: a meta-
analytic review. Psychol Bull. Feb 2020;146(2):91-117. [doi: 10.1037/bul0000216] [Medline: 31804098]

60. Bamonti PM, Boyle JT, Goodwin CL, et al. Predictors of outpatient pulmonary rehabilitation uptake, adherence,
completion, and treatment response among male U.S. veterans with chronic obstructive pulmonary disease. Arch Phys
Med Rehabil. Jun 2022;103(6):1113-1121. [doi: 10.1016/j.apmr.2021.10.021] [Medline: 34856155]

61. Velez M, Lugo-Agudelo LH, Patiño Lugo DF, et al. Factors that influence the provision of home-based rehabilitation
services for people needing rehabilitation: a qualitative evidence synthesis. Cochrane Database Syst Rev. Feb 10,
2023;2(2):CD014823. [doi: 10.1002/14651858.CD014823] [Medline: 36780267]

62. Paixão C, Rocha V, Brooks D, Marques A. Unsupervised physical activity interventions for people with COPD: a
systematic review and meta-analysis. Pulmonology. 2024;30(1):53-67. [doi: 10.1016/j.pulmoe.2022.01.007] [Medline:
35151622]

63. 2026 tech trends and adults 50-plus. AARP Research; 2025. URL: https://www.aarp.org/content/dam/aarp/research/
topics/technology/internet-media-devices/2026-technology-trends-older-adults.doi.10.26419-2fres.01020.001.pdf
[Accessed 2026-04-15]

Abbreviations
ATS/ERS: American Thoracic Society/European Respiratory Society
CAT: COPD Assessment Test
CONSORT: Consolidated Standards of Reporting Trials
COPD: chronic obstructive pulmonary disease
COPDMELODY: Music Therapy for COPD Rehabilitation
FEV1: forced expiratory volume in 1 second
HADS: Hospital Anxiety and Depression Scale
HADS-A: Hospital Anxiety and Depression Scale-anxiety subscale
HADS-D: Hospital Anxiety and Depression Scale-depression subscale
HRQoL: health-related quality of life
IC: inspiratory capacity
ISWT: incremental shuttle walking test
LMM: linear mixed model
MCID: minimal clinically important difference
MD: mean difference
mHealth: mobile health
mITT: modified intention-to-treat
mMRC: modified Medical Research Council dyspnea scale
MT: multimodule training
PR: pulmonary rehabilitation
RCT: randomized controlled trial
RW: rhythm-guided walking
SGRQ: St. George’s Respiratory Questionnaire
UC: usual care

Edited by Amaryllis Mavragani; peer-reviewed by Linzy Houchen-Wolloff; submitted 01.Aug.2025; final revised version
received 17.Mar.2026; accepted 24.Mar.2026; published 27.Apr.2026

JOURNAL OF MEDICAL INTERNET RESEARCH Shi et al

https://www.jmir.org/2026/1/e81707 J Med Internet Res 2026 | vol. 28 | e81707 | p. 17
(page number not for citation purposes)

https://doi.org/10.1016/j.pulmoe.2023.02.003
http://www.ncbi.nlm.nih.gov/pubmed/36907815
https://doi.org/10.1016/S2213-2600(22)00125-4
http://www.ncbi.nlm.nih.gov/pubmed/35489367
https://doi.org/10.1016/j.eclinm.2023.102224
http://www.ncbi.nlm.nih.gov/pubmed/38106552
https://doi.org/10.3390/ijerph18158067
http://www.ncbi.nlm.nih.gov/pubmed/34360360
https://doi.org/10.1037/bul0000216
http://www.ncbi.nlm.nih.gov/pubmed/31804098
https://doi.org/10.1016/j.apmr.2021.10.021
http://www.ncbi.nlm.nih.gov/pubmed/34856155
https://doi.org/10.1002/14651858.CD014823
http://www.ncbi.nlm.nih.gov/pubmed/36780267
https://doi.org/10.1016/j.pulmoe.2022.01.007
http://www.ncbi.nlm.nih.gov/pubmed/35151622
https://www.aarp.org/content/dam/aarp/research/topics/technology/internet-media-devices/2026-technology-trends-older-adults.doi.10.26419-2fres.01020.001.pdf
https://www.aarp.org/content/dam/aarp/research/topics/technology/internet-media-devices/2026-technology-trends-older-adults.doi.10.26419-2fres.01020.001.pdf
https://www.jmir.org/2026/1/e81707


Please cite as:
Shi M, Qumu S, Bu X, Zhang J, Liu K, Wang J, Zhang Y, Lei J, Wang S, Li W, Tang X, Yan J, Peng Y, Wang C, Yang T,
Huang K
Smartphone App–Based Music-Facilitated Pulmonary Rehabilitation Program Integrating Rhythm-Guided Walking and
Singing for Patients With Chronic Obstructive Pulmonary Disease: Multicenter Randomized Controlled Trial
J Med Internet Res 2026;28:e81707
URL: https://www.jmir.org/2026/1/e81707
doi: 10.2196/81707

© Minghui Shi, Shiwei Qumu, Xiaoning Bu, Jie Zhang, Kai Liu, Jinxiang Wang, Yinan Zhang, Jieping Lei, Siyuan Wang,
Wei Li, Xingyao Tang, Jisong Yan, Yaodie Peng, Chen Wang, Ting Yang, Ke Huang. Originally published in the Journal
of Medical Internet Research (https://www.jmir.org), 27.Apr.2026. 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 the Journal of Medical Internet
Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original publication on
https://www.jmir.org/, as well as this copyright and license information must be included.

JOURNAL OF MEDICAL INTERNET RESEARCH Shi et al

https://www.jmir.org/2026/1/e81707 J Med Internet Res 2026 | vol. 28 | e81707 | p. 18
(page number not for citation purposes)

https://www.jmir.org/2026/1/e81707
https://doi.org/10.2196/81707
https://www.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://www.jmir.org/
https://www.jmir.org/2026/1/e81707

	Smartphone App–Based Music-Facilitated Pulmonary Rehabilitation Program Integrating Rhythm-Guided Walking and Singing for Patients With Chronic Obstructive Pulmonary Disease: Multicenter Randomized Controlled Trial
	Introduction
	Background
	Objective

	Methods
	Study Design
	Participants
	Randomization, Allocation Concealment, and Masking
	Interventions
	RW Training
	Singing Training
	Educational Program
	Primary Outcome
	Secondary Outcomes
	Sample Size
	Statistical Analysis
	Ethical Considerations

	Results
	Recruitment and Baseline Characteristics
	Exercise Capacity
	Dyspnea
	Assessment of HRQoL
	Anxiety and Depression
	Lung Function Measurements
	App Adherence and Satisfaction
	Sensitivity Analysis

	Discussion
	Principal Findings
	Strengths and Limitations
	Conclusions



