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ABSTRACT
Background Pulmonary rehabilitation (PR) is an 
essential element of chronic obstructive pulmonary 
disease (COPD) management. However, access to 
conventional face- to- face PR programmes is limited.
Methods This multicentre, randomised controlled trial 
recruited patients with COPD from 18 sites in Germany 
and Switzerland, aiming to evaluate the impact of 12 
weeks of a mobile app (intervention group; IVG) on 
quality of life, measured by COPD Assessment Test (CAT), 
and exercise capacity, assessed by 1- minute- sit- to- stand- 
test (1MSTST), compared with a control group (CTG) 
receiving ’enhanced standard- of- care’.
Results 278 patients were included in the study with 
a median age of 65 years (IQR 60–70) and forced 
expiratory volume in 1 s 48% predicted (IQR 37–60). In 
the intention- to- treat analysis at week 12, CAT improved 
from baseline by median −4 points versus −3 points in 
the IVG versus CTG groups, respectively (difference: 0 
points (95% CI: −1, 2); p=0.7); 1MSTST improved by 
1 vs 2 repetitions, respectively (difference: 1 repetition 
(95% CI: 0, 2); p=0.12)). In a subset of the IVG, with 
patients grouped by application adherence (≥3 days/
week for≥75% of the weeks), adherent users (40.4%) 
improved 1MSTST versus non- adherent users by median 
2 repetitions (95% CI: 1, 3]; p=0.006. Application use 
did not raise any safety concerns.
Conclusions Application- based PR improved outcomes 
in COPD compared with baseline, and adherent users 
improved exercise capacity more compared with non- 
adherent users. Although not statistically significant 
compared with enhanced standard- of- care, this study 
may support the use of this application for COPD 
management and addresses the healthcare challenge of 
access to PR interventions.
Trial registration number DRKS 00024390.

BACKGROUND
Pulmonary rehabilitation (PR) is an essential part 
of the management of chronic obstructive pulmo-
nary disease (COPD), comprising exercise training, 
education and behaviour modification. The 
evidence for traditional face- to- face PR in COPD 
is compelling, with beneficial effects on exercise 
capacity, muscle function, quality of life and symp-
toms.1 2 However, such programmes are limited by 
access, capacity and uptake,3–5 being used by fewer 

than 2% of eligible patients with COPD.6 Tele- PR 
has been proposed as an alternative strategy in 
COPD,7 8 although the term ‘tele- PR’ encompasses 
different models, including videoconferences, 
webpages or mobile apps, with varying telephone 
support and monitoring.9–11 A Cochrane review 
comparing tele- PR with conventional centre- 
based PR or no rehabilitation found that tele- PR 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Pulmonary rehabilitation (PR) is widely 
recognised as a cornerstone in managing 
chronic obstructive pulmonary disease (COPD). 
It offers significant benefits in terms of 
exercise capacity, quality of life and symptom 
control. However, traditional face- to- face PR 
programmes have limitations such as limited 
access, capacity constraints and low uptake 
rates. Tele- PR has emerged as a potential 
solution, encompassing various modalities 
such as videoconferencing, webpages or 
mobile applications. Although some studies 
have shown comparable outcomes between 
tele- PR and centre- based PR, the follow- up 
effects of tele- PR, particularly application- based 
applicationroaches, remain underexplored.

WHAT THIS STUDY ADDS
 ⇒ This multicentre randomised controlled trial 
aims to investigate the effectiveness of a 
fully automated, interactive smartphone 
application in improving symptoms and 
physical function in COPD. Unlike previous 
studies, which primarily focused on tele- PR via 
videoconferencing or web- based platforms, 
this trial specifically examines the impact 
of an application- based intervention. The 
application includes customised exercise 
training, educational material and breathing/
relaxation sessions, making it a comprehensive 
self- management tool for patients with COPD. 
This study enhances the existing literature by 
addressing the gap in knowledge regarding the 
effectiveness of application- based PR in COPD 
management, through the use of rigorous 
methodology and a large sample size across 
multiple centres.

  209Gloeckl R, et al. Thorax 2025;80:209–217. doi:10.1136/thorax-2024-221803

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

S
E

 &
 C

o
. K

G
at S

ch
o

n
 K

lin
ik B

erch
tesg

ad
en

er L
an

d
 

o
n

 M
arch

 25, 2025
 

h
ttp

://th
o

rax.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
20 D

ecem
b

er 2024. 
10.1136/th

o
rax-2024-221803 o

n
 

T
h

o
rax: first p

u
b

lish
ed

 as 

http://orcid.org/0000-0002-2741-2748
https://doi.org/10.1136/thorax-2024-221803
https://doi.org/10.1136/thorax-2024-221803
https://doi.org/10.1136/thorax-2024-221803
http://crossmark.crossref.org/dialog/?doi=10.1136/thorax-2024-221803&domain=pdf&date_stamp=2025-03-14
https://www.brit-thoracic.org.uk
http://thorax.bmj.com
http://thorax.bmj.com/


Rehabilitation

generated similar outcomes to centre- based PR in terms of exer-
cise capacity and quality of life, and was superior to no rehabil-
itation.12 However, the varying approaches, limited number of 
study participants, and few studies including post- intervention 
follow- up, mean that identifying the long- term effects of tele- PR 
is challenging. In particular, of the 15 tele- PR studies included 
in the Cochrane analysis, only one used an app- based approach. 
Given the minimal prior data, we conducted a trial to investigate 
the effectiveness of a fully automated, interactive, mobile app 
in improving symptoms and physical function in patients with 
COPD.

METHODS
Study design and participants
This multicentre randomised controlled trial (RCT) was 
conducted across 18 study centres in Germany and Switzer-
land, comprising six medical practices, five hospitals, five 
research institutions and two PR centres (Online supplemental 
e- table 1).

Participants were aged≥40 years, diagnosed with COPD, 
with post- bronchodilator forced expiratory volume in 1 s≥30% 
predicted, COPD Assessment Test (CAT) total score≥20, and 
receiving stable maintenance COPD treatment (ie, with no treat-
ment changes in the 4 weeks prior to entry). Additionally, they 
had a good understanding of German and were able to compre-
hend the study materials, assessments and smartphone apps in 
general. Patients with physical, cognitive or safety- related prob-
lems hindering their ability to participate, receiving long- term 
oxygen therapy at>3 L/min, or regularly using non- invasive 
ventilation were ineligible, as were those enrolled in another 
clinical trial involving an investigational medication/device 
within 30 days prior to enrolment, with prior experience of a 
COPD self- management app or web- based programme, or who 
intended to participate in a conventional PR programme during 
the study. The trial was registered with the German Clinical 
Trials Register (registered: 26 May 2021), and was conducted 
according to Good Clinical Practice and the Declaration of 
Helsinki.

Study procedure
The study intervention duration was 12 weeks, with additional 
follow- up after a total of 24 weeks. After enrolment, patients 
were randomised 1:1 using block randomisation (block size four) 
to an intervention group (IVG) receiving the app or a control 
group (CTG). A randomisation list was generated for each site, 
with treatment assignment concealed from the statistician during 
the final analysis (although not study staff and participants, due 
to the nature of the intervention). All participants were provided 
with a study smartphone, to protect patient privacy by not using 
personal smartphones, and entered patient- reported outcomes 
data on a website via this smartphone, with data securely trans-
mitted directly to the electronic case report form (eCRF) as elec-
tronic patient- reported outcomes (ePROs).

Intervention group
The study intervention was the multimodal personalised therapy 
app ‘Kaia COPD’ (Kaia Health Software, Munich, Germany). 
This consists of three therapy modules that are components 
of PR to promote self- management: individualised exercise 
training; educational content; and breathing/relaxation sessions 
(figure 1). The app dashboard presented participants with a daily 
choice of all three modules and encouraged them to complete 
one, two or all three at a convenient time, preferably daily. The 
use and completion of each module were automatically tracked 
by the app, with a weekly usage report provided to study sites. 
Inactive participants (<3 days of app usage per week) were 
contacted by study staff and were motivated to use the app.

The core component of the app, the exercise training 
programme, required minimal equipment (eg, a mat, chair, water 
bottles as weights or a resistance band). Exercise sessions lasted 
approximately 15–20 min, were completed in an unsupervised 
manner and consisted of exercises focusing on muscle strength-
ening, balance and mobility, with visual and verbal instructions 
provided by video tutorials and a countdown timer. A standard 
exercise session consisted of an automatic selection of five exer-
cises out of a pool of 64, with each exercise completed one to 
three times. After each session, patients rated the perceived diffi-
culty on a five- point scale (very easy to very hard). An algorithm 
then automatically increased or decreased the difficulty for the 
next training session according to the patients’ ratings, adapting 
the duration, intensity and exercise type to patients’ individual 
needs.

The educational content was based on the internationally 
validated ‘Living Well with COPD’ patient guideline13 supple-
mented with videos on correct inhaler use. The breathing/relax-
ation sessions included audio instructions on relaxation and/or 
breathing techniques, such as mindfulness or progressive muscle 
relaxation.

Control group
Patients allocated to the CTG received the ‘Living Well with 
COPD’ booklet containing disease management information 
and exercise instructions, and used a study smartphone to report 
outcomes, but did not have access to the app. At the request of 
the lead ethics committee, this group received additional support 
beyond the standard care to reduce potential psychological bias. 
This included education and encouragement to exercise, and 
a paper- based exercise diary. The CTG therefore received an 
‘enhanced standard of care’ rather than the usual care originally 
planned. Both CTG and IVG participants received telephone 
calls every 2 weeks from study staff to monitor for adverse events 
or other safety concerns. These calls did not include additional 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE 
OR POLICY

 ⇒ The study’s findings provide valuable insights into the role of 
mobile applications in COPD management and PR. Although 
the overall analysis did not show statistically significant 
differences between the application- using group and the 
enhanced standard of care group, the study highlights 
the potential benefits of application- based interventions, 
particularly for adherent users. Adherent application users 
showed improved exercise capacity, suggesting that the 
application could be a promising alternative for patients 
facing barriers to accessing centre- based rehabilitation 
(especially compared with the real- life situation where 
patients with COPD receive less support than in the enhanced 
standard of care group). Furthermore, the high patient 
satisfaction and safety profile of the Kaia COPD application 
highlight its potential as a viable option for addressing the 
challenges of access and adherence in PR interventions. 
These findings could guide future research directions, 
clinical guidelines and healthcare policies to enhance COPD 
management through innovative digital health solutions.
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encouragement to exercise for intervention group participants, 
as their exercise guidance was fully integrated into the app 
content.

OUTCOMES
The prespecified co- primary outcomes were differences between 
IVG and CTG at 12 weeks in terms of health status (assessed by 
CAT) and exercise capacity (measured by 1- minute sit- to- stand 
test (1MSTST) repetitions). The 1MSTS tests were performed 
remotely via a video appointment between the participant 

and the study site staff.14 Outcome assessors were not blinded 
to group allocation (as all outcomes except the 1MSTST were 
collected digitally via an email link).

Secondary ePROs at baseline, and after 12 and 24 weeks 
included levels of anxiety and depression (Hospital Anxiety and 
Depression Scale (HADS)), health- related quality of life and 
disease burden (Veterans RAND 12- item health survey (VR- 12)), 
patient engagement in healthcare (Patient Activation Measure 13 
(PAM- 13)), healthcare resource utilisation, adverse events, CAT 
and 1MSTST at 24 weeks and app satisfaction and helpfulness 
(IVG only). Further details on these endpoints are in the Online 
supplement.

As an exploratory outcome, the effect of the intervention on 
the incidence of mild, moderate or severe COPD exacerbations 
(Global Initiative of Chronic Obstructive Lung Disease 2022 
definition15) was assessed (during telephone calls every two 
weeks in both groups to ask about the occurrence of any adverse 
events and any changes in medication).

Sample size and statistical analyses
Based on a two- tailed t- test with 80% power, assuming a mean 
difference of 2.5±6.0 points in CAT total score,16 111 patients 
per group would be required. For the 1MSTST, assuming a mini-
mally important difference of 3±6 repetitions,17 78 patients per 
arm would be required. Considering both primary endpoints 
with an initial alpha of 0.025, the CAT score calculation with 
the higher patient number determined the final sample size of 
278 participants, including an expected 25% dropout rate.

Normality was tested using the Shapiro- Wilk test with histo-
grams and qq- plots. Between- group comparisons were conducted 
using t- tests or Mann- Whitney U test for continuous variables 
and χ2 test or Fisher’s exact test for non- continuous variables, 
with median differences calculated using the Hodges- Lehmann 
estimator. A p value of 0.05 was considered statistically signifi-
cant, with the co- primary endpoints adjusted for multiple testing 
using Bonferroni’s method. Statistical analyses were performed 

Figure 1 Screenshots of the fully automated mobile Kaia COPD application and its three modules: a digital exercise programme delivered by video 
instructions, a self- management programme (including relaxation and breathing exercises) delivered by audio instructions and a patient education 
programme. (Figure provided courtesy of Kaia Health). COPD, chronic obstructive pulmonary disease.

Figure 2 Participant flow through the study. AE, adverse event; SAE, 
severe AE.
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using R (V.4.3.1) with R studio (2023.09.1+494, Foundation 
for Statistical Computing, Vienna, Austria).

The intention- to- treat (ITT) population included all 
randomised patients, regardless of their eligibility status after 
randomisation or adherence. The per- protocol (PP) population 
consisted of all randomised patients who adhered to the study 
protocol, completed all relevant procedures at baseline and week 
12, and had data available at week 12 for at least one co- primary 

Table 1 Demographic and baseline disease characteristics (intention- 
to- treat population)

Control group
(n=142)

Intervention group
(n=136) P value

Age, years 64 (59–70) 66 (60–72) 0.166

Sex 0.628

  Female 72 (50.7) 65 (47.8)

  Male 70 (49.3) 71 (52.2)

BMI, kg/m² 26.4 (22.9–31.2) 25.5 (22.6–29.4) 0.083

COPD GOLD 0.999

  I 5 (4.2) 4 (3.4)

  II 51 (42.9) 50 (42.7)

  III 63 (52.9) 63 (53.8)

Smoking status 0.030

  Current smoker 53 (37.3) 34 (25.2)

  Former smoker 89 (62.7) 102 (74.8)

Mean smoking pack years 45 (35–54) 39 (25–49) 0.282

Age at COPD diagnosis 55 (49–61) 55 (50–62) 0.353

Comorbidities

  Cardiovascular 87 (61.3) 89 (66.4) 0.374

  Orthopaedic 56 (39.4) 61 (45.2) 0.333

  Metabolic 49 (34.5) 46 (34.3) 0.975

  Psychological 33 (23.2) 32 (23.9) 0.900

  Cerebrovascular 14 (10.0) 14 (10.4) 0.903

Treatment

  LABA 125 (88.0) 126 (92.6) 0.194

  LAMA 127 (89.4) 124 (91.2) 0.624

  ICS 86 (60.6) 86 (63.2) 0.647

LTOT 27 (19) 27 (20) 0.836

FEV1, L 1.38 (1.03–1.77) 1.23 (1.04–1.66) 0.327

FEV1, % predicted 48 (40–61) 48 (36–57) 0.222

FEV1/FVC 0.52 (0.45–0.58) 0.50 (0.44–0.57) 0.135

COPD Assessment Test 
total score

23 (21–26) 23 (21–26) 0.617

1- minute sit- to- stand test 
repetitions

18 (14–22) 17 (13–22) 0.196

Patients with at least one 
acute COPD exacerbation 
during the previous 12 
months, n (%)

45 (31.6) 50 (36.8) 0.371

All continuous variables are median (IQR) and are compared via Mann- Whitney 
U test. All categorical variables are the absolute number (percentage), and are 
compared using χ2 test.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced 
expiratory volume in 1 s; FVC, forced vital capacity; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long- acting 
β2- receptor agonist; LAMA, long- acting muscarinic antagonist; LTOT, long- term 
oxygen therapy.
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endpoint.The IVG PP population included only participants 
who met a predefined app adherence threshold (completion of 
the exercise programme≥3 days/week for≥75% of the weeks 
from baseline to week 12, based on app usage data). Subgroup 
analyses were also prespecified on the co- primary endpoints, 
with patients grouped by this adherence threshold.

Handling of missing data
Full case analysis is presented for ITT and PP analysis. As a 
sensitivity analysis, missing data was imputed using a jump- to- 
reference approach with 2000 bootstrap samples.

RESULTS
Between May 2021 and May 2023, 1417 patients were screened, 
with 278 randomised (figure 2; baseline demographics are in 
table 1). A total of 124 and 120 patients in the IVG and CTG, 
respectively, completed the primary intervention phase (week 
12), with 109 and 114, respectively, completing week 24. The 
PP IVG population consisted of 46 patients (40.4%); 68 patients 
were excluded on the basis of adherence.

Primary endpoints
In the ITT population, between- group comparisons showed no 
statistically significant difference in improvement from baseline in 
the CAT total score at week 12, with a median change of −4 points 
(IQR −8 to –1; p<0.001) in the IVG and −3 points (IQR −8 to 
0; p<0.001) in the CTG (table 2). For the 1MSTST, there were 
also no significant between- group differences in improvement 
from baseline at week 12. Within- group changes in the ITT and PP 
population showed significant improvements from baseline in both 
CAT total scores and 1MSTST repetitions in both groups.

Furthermore, in a subgroup analysis of the IVG, with partic-
ipants grouped by adherence, although CAT total score did not 
differ significantly between adherent and non- adherent patients, 
there was a greater improvement from baseline for 1MSTST 
in adherent patients, resulting in 2 (0 to 8) more repetitions in 
favour of the IVG (p=0.006; figure 3). There was also a signif-
icant correlation (p=0.016, online supplemental e- figure 1) 
between the number of active app training days and improve-
ment in 1MSTST from baseline to week 12 in adherent versus 
non- adherent app users. There were no significant differences in 
baseline characteristics between adherent and non- adherent app 
users (online supplemental e- table 2).

Figure 3 Changes in COPD Assessment Test score (A) and changes in 1- minute sit- to- stand test (1MSTST) repetitions (B) from baseline to week 
12 between adherent application users (≥75% adherent training weeks, n=46) and non- adherent application users (<75% adherent training weeks, 
n=68) in the intervention group and the control group (n=122). COPD, chronic obstructive pulmonary disease.
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Secondary endpoints
For the secondary endpoints, there were no differences between 
IVG and CTG (ITT population) at weeks 12 or 24 (online 
supplemental e- tables 3 and 4). In the PP population, there were 
IVG versus CTG differences at week 12 for VR- 12 (physical 
and mental components), PAM- 13 and HADS (total score and 
depression), and at week 24 for PAM- 13 and HADS anxiety 
(online supplemental e- table 3), although the group differences 
were not statistically significant when expressed as change from 
baseline (table 3). There were also trends to lower healthcare 
utilisation in the IVG than the CTG, although again with no 
statistically significant differences (online supplemental e- table 
5). From baseline to 12 weeks, 25.7% of IVG and 30.4% of 
CTG reported regular participation in outpatient exercise 
programmes or physiotherapy. On average, 40.4% of patients 
in the IVG used the app adherently, with consistent use of the 
physical exercise module for the duration of follow- up (online 
supplemental e- figure 2 and e- table 6).

Exploratory outcomes
At baseline, the proportion of patients having at least one exac-
erbation in the previous 12 months in the IVG (36.8%, n=50) 
was similar to the CTG (31.6%, n=45) (p=0.4). During the 
24- week study period, fewer patients in the IVG experienced an 
exacerbation than the CTG (ITT: 20.5% vs 30.2%, p=0.086; 
PP: 26.1% vs 32.0%, p=0.582). Furthermore, the total number 

of exacerbations was lower in the IVG (ITT: 34 vs 52; PP: 16 vs 
48) (figure 4).

Application adherence and satisfaction
During the first 12 weeks, 46 patients (40.4%) were adherent app 
users. Of these, the majority (n=31, 72.1%) remained adherent 
throughout the follow- up period. Patient satisfaction with the 
app was very high. In the ITT population, at week 12, 93.6% of 
patients in the IVG indicated they would recommend the app to 
another patient (at week 24 follow- up: 94.1%). Furthermore, at 
week 12, 93.6% of patients were satisfied or very satisfied with 
the app (at week 24: 94.0%).

Adverse events
During the intervention period, 56 patients (41.2%) reported 
an adverse event in the IVG, compared with 58 (40.8%) in 
the CTG, with no difference between groups (p>0.9; online 
supplemental e- table 7). Over the subsequent follow- up period, 
a further 38 (27.9%) and 31 (21.8%) patients, respectively, 
reported an adverse event (p=0.2). None of these adverse events 
were directly related to the intervention.

DISCUSSION
In this large, multicentre, RCT, there were improvements from 
baseline in the co- primary endpoints of CAT and 1MSTST in 

Table 3 Between- group results in the per- protocol population (ie, including only adherent application users in the intervention group) for changes 
from baseline in secondary endpoints at weeks 12 and 24

Control group
(n=122)

Intervention group
(n=46)

Intervention group vs control 
group differences

Veterans RAND 12- Item health survey: physical component score

Baseline 32.3 (27.2 to 37.5) 33.4 (29.3 to 40.7)

Week 12, change from baseline 0.3 (–2.7 to 6.1) 1.3 (–2.8 to 6.3) 0 (–3 to 2); p=0.764

Week 24, change from baseline 1.9 (–2.7 to 5.8) 1.7 (–2.2 to 4.8) 0 (–3 to 2); p=0.778

Veterans RAND 12- Item health survey: mental component score

Baseline 47.1 (38.3 to 54.3) 52.2 (38.9 to 59.4)

Week 12, change from baseline −2.5 (−7.2 to 3.5) −0.1 (−4.0 to 2.7) −2 (−5 to 1); p=0.209

Week 24, change from baseline −0.9 (−7.2 to 4.8) 0.1 (−6.1 to 3.7) −1 (−4 to 3); p=0.719

Patient Activation Measure 13

Baseline 42 (39 to 45) 44 (40 to 47)

Week 12, change from baseline 0 (−3 to 2) 1 (−1 to 3) −1 (−2 to 0); p=0.169

Week 24, change from baseline 0 (−2 to 3) 2 (−1 to 4) −1 (−3 to 0); p=0.152

Hospital Anxiety and Depression Scale: total score

Baseline 11 (8 to 16) 9 (6 to 16)

Week 12, change from baseline 1 (−2 to 4) −1 (−5 to 1) 2 (0 to 4); p=0.043

Week 24, change from baseline 0 (−3 to 4) 0 (−3.5 to 3) 1 (−1 to 3); p=0.546

Hospital Anxiety and Depression Scale: anxiety

Baseline 5 (3 to 8) 5 (3 to 7)

Week 12, change from baseline 0 (−1 to 2) 0 (−3 to 1) 1 (−0 to 2); p=0.111

Week 24, change from baseline 0 (−2 to 2) 0 (−2 to 2) 0 (−1 to 2); p=0.424

Hospital Anxiety and Depression Scale: depression

Baseline 6 (4 to 8) 4 (2 to 7)

Week 12, change from baseline 0 (−2 to 2) −1 (−2 to 1) 1 (−0 to 2); p=0.056

Week 24, change from baseline 0 (−2 to 2) 0 (−1 to 1.5) 0 (−1 to 1); p=0.634

All continuous variables are shown with median (IQR) and were compared via Mann- Whitney U test.
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both the IVG and CTG over both the 12- week main study period 
and the subsequent follow- up, with between- group differences 
not statistically significant. Similarly, between- group differences 
in the secondary endpoints were not statistically significant. 
However, in the PP population (which excluded patients from 
the IVG who were not adherent to the app), improvements from 
baseline during the 12- week intervention period were consis-
tently numerically greater in the IVG than the CTG. Further-
more, in a subgroup analysis of the IVG, there was a significantly 
greater improvement in 1MSTST in favour of adherent app users 
compared with non- adherent app users, with an improvement 
of two repetitions (p=0.006). Adherent app users in the IVG 
(ie, the PP population) also needed numerically fewer healthcare 
resources and had fewer exacerbations than the CTG. Impor-
tantly, adherence to app usage over 12 weeks in the ITT popula-
tion was 40%, substantially higher than the 22% adherence in a 
previous mobile PR app study.18

The lack of statistically significant differences between groups 
for the co- primary endpoints needs to be considered in the context 
of the CTG receiving ‘enhanced standard of care’. The conven-
tional standard of care in a PR study typically results in either 
no improvement or a deterioration in CAT or 1MSTST.19 20 In 
the present study, the CTG received phone calls with encourage-
ment to exercise every 2 weeks. Such phone calls from healthcare 
professionals can significantly increase daily training duration in 
patients with COPD.21 Furthermore, the CTG was provided the 
‘Living Well with COPD’ booklet,13 which has been shown to 
enhance the quality of life, reduce exacerbation rates and health-
care usage, and increase the 1MSTST by three repetitions.22 23 
These interventions presumably benefitted the CTG, limiting 
the potential for further improvement in the IVG. A previous 
RCT in 166 participants with moderate- to- very severe COPD 
investigated a monitoring and self- management app called 
EDGE.24 This study also found no difference in COPD- specific 
health outcomes over 12 months compared with an ‘enhanced 

standard of care’ (who received the same information on leaflets, 
but without digital monitoring).

In general, only a few mobile exercise or PR applications have 
been investigated in COPD. In an observational trial, Yonchuk 
et al concluded that their application (Respercise) could be 
easily deployed, and improved the 5- repetition sit- to- stand test 
by 2.2 s after 13 weeks.25 However, that application primarily 
focuses on daily step goals, and includes a limited selection of 
four strength training exercises. myCOPD, applicationroved by 
the UK National Health Service, is designed to aid individuals 
with COPD by providing education, self- monitoring and self- 
management functions. In an RCT involving 60 patients with 
mild- to- moderate COPD, CAT total score improved by −1.27 
points (p=0.44) after 12 weeks in application users compared 
with usual care.18 Furthermore, the mobile PR application efil 
breath was evaluated in a Korean RCT that included physical 
activity monitoring, exercise training and education in patients 
with COPD.26 A total of 85 participants were randomly assigned 
to either application- based PR or usual care. Application- based 
PR resulted in a non- significant improvement from the baseline 
of −2.7 points in the CAT total score over 12 weeks. The CAT 
improvements in both of these studies are considerably smaller 
than the change from baseline in the IVG in the current study 
(−4 points).

Application- based coaching interventions can increase phys-
ical activity levels in patients with COPD.27 The application used 
in the current study has also been evaluated as a PR maintenance 
intervention in COPD28; combined with a physical activity 
tracker, activity levels were preserved and disease burden was 
reduced compared with the control group 6 months after a 
comprehensive 3- week inpatient PR. In the current study, the 
focus of the intervention has shifted to examining the effects 
of the application’s content—exercise, education and breathing 
exercises—on improving exercise capacity and quality of life, 
without including physical activity monitoring or counselling.

Figure 4 This Kaplan- Meier plot shows the cumulative sum of exacerbations in the per- protocol population over 24 weeks (control group: 48 acute 
exacerbations and 16 acute exacerbations in the intervention group). The difference was not statistically significant. The first exacerbation occurred on 
day 1 in the control group (CTG) and on day 24 in the intervention group (IVG); HR (95% CI) IVG 0.83 (0.41, 1.69) (post- hoc analysis).
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While fully automated apps and video- based interventions 
offer advantages in terms of accessibility, consistency, staff 
burden and cost- effectiveness, videoconference- based interven-
tions provide human interaction, individualised guidance and 
flexibility. Achieving the best possible outcome may require a 
combination of both, striking a balance between automated 
services and the human touch. Importantly, digital PR apps that 
either complement or replace some aspects of usual care offer an 
opportunity for more convenient, cost- effective care.29

The study has some limitations. First, due to the nature of the 
intervention patients were not blinded. Second, COPD main-
tenance therapy during the study was not restricted. Third, as 
discussed above, the CTG received ‘enhanced standard of care’ 
differing from typical daily care. Fourth, the app- based exercise 
programme did not include an aerobic training component, 
which may have diminished the greater benefits of the app. 
Finally, the study excluded patients with very severe COPD who 
may require greater supervision due to their disease severity. As 
strengths, the current study is noteworthy for its robust design, 
multisite nature and recruitment of the largest sample size thus 
far studied for a digital PR app. In addition, several clinical 
outcomes highly relevant to COPD management were assessed.

Conclusions
This RCT did not show statistically significant differences in the 
primary outcome between the app- using group and the enhanced 
standard of care group. However, some benefits were observed 
in adherent app users, including an improvement in exercise 
capacity compared with non- adherent users, and no safety 
issues were identified with app use. These findings suggest that 
the Kaia COPD app may offer a benefit in the management of 
COPD. However, we recommend further studies to substantiate 
these observations and to examine the role of the app compared 
with conventional usual care.

Acknowledgements We would like to acknowledge all the physicians, practice 
staff and patients that took part in this study. Furthermore, we would like to thank 
the investigators responsible for recruiting patient: Dr Margret Jandl (Hamburg 
Institute for Therapy Research, Hamburg, Germany), Dr Henrik Watz (Pulmonary 
Research Institute at the LungenClinic Grosshansdorf, Germany), Dr Andrea Ludwig- 
Sengpiel (KLB Gesundheitsforschung Lübeck, Germany), Professor Dr Timm Greulich 
(PneumoPraxis Marburg, Marburg, Germany), Dr Matthias Krüll (Institute for Allergy 
and Asthma Research, Berlin, Germany), Dr Thomas Schultz (MECS Research, Berlin, 
Germany), Dr Sabine Lampert (Lunge im Zentrum, Erlangen, Germany), Professor 
Dr Gernot Rohde (University Hospital Frankfurt, Germany), Dr Katrin Gade (KFGN 
– Klinische Forschung Hannover, Germany), Dr Heiner Steffen (Asklepios MVZ 
Bayern, Landsberg, Germany), Professor Dr Frederik Trinkmann (University Hospital 
Thoraxklinik Heidelberg, Germany), Dr Julia Chevts (KFGN – Klinische Forschung 
Karlsruhe, Germany), Dr Maren Schumann (Praxis Dr med Schuhmann and Dr 
med Kasper, Konstanz, Germany), Cindy von Münchhausen (KFGN – Klinische 
Forschung Berlin, Germany) and Professor Dr Jürgen Hetzel (Klinik für Pneumologie 
Kantonsspital, Winterthur, Switzerland). We also thank the external clinical research 
associates for study monitoring: Dimitrij Kucherov, Tandogan Yerguler, Dr Jeroen 
Neijs, Dr Christoph Bachmeyer and Kirsten McIntire. Furthermore, we thank the 
external data manager Roman Bystrov (AnRes Clinical, Vejle, Denmark) and the 
following physicians for medically monitoring the study: Dr Stephan Huber, Dr Jonas 
Björklund, Dr Martin Bonitz and Dr Annemie Narkus. We thank David Young for 
language and scientific proofreading. Last but not least, we would like to thank the 
German Airway League for allowing us to include their educational videos on correct 
inhaler use in the Kaia COPD app.

Contributors The study was designed, and set up by RG, AS, MS, AP, BU, CFV 
and ARK. RG, DK, IJ, TS and ARK were responsible for recruiting participants and 
conducting study assessments at study centre number two. BU was responsible for 
data analysis. All authors had access to the data, were responsible for writing the 
manuscript and approved the submitted version of the manuscript. As the guarantor 
(RG) accepts full responsibility for the finished work.

Funding The study’s funder (Kaia Health Software) was involved in developing 
the study design and reviewing the manuscript (no award/grant number available). 
However, data monitoring and data analysis were performed by independent study 

research associates and a statistician. This separation of roles was implemented to 
maintain objectivity, transparency and scientific integrity throughout the research 
process.

Competing interests RG has received speaker fees from AstraZeneca, Chiesi and 
GlaxoSmithKline and has attended advisory boards from AstraZeneca and Chiesi. MS 
has nothing to disclose. AS and AP are employees of Kaia Health Software (Munich, 
Germany) and hold a Virtual Options Program from Kaia Health Software. DK has 
nothing to disclose. IJ has received speakers fee from CSL Behring. TS has nothing 
to disclose. BU received payment from Kaia Health Software for statistical analysis 
of this manuscript. CFV has received institutional grants from the German Ministry 
of Education and Science (BMBF), AstraZeneca, Boehringer Ingelheim, Chiesi, CSL 
Behring, GlaxoSmithKline, Grifols and Novartis. Consulting fees from Aerogen, 
AstraZeneca, Boehringer Ingelheim, CSL Behring, Chiesi, GlaxoSmithKline, Insmed, 
Menarini, Novartis, Nuvaira, Sanofi. Speakers fees from Aerogen, AstraZeneca, 
Boehringer Ingelheim, CSL Behring, Chiesi, GlaxoSmithKline, Insmed, Menarini, 
Novartis, Nuvaira and Sanofi. ARK has received institutional grants from the Bavarian 
Ministry of Health. Consulting fees from AstraZeneca, Boehringer Ingelheim, CSL 
Behring, Chiesi, GlaxoSmithKline, Menarini, Pfizer, PulmonX, and Sanofi. Speakers 
fees from AstraZeneca, Boehringer Ingelheim, CSL Behring, Chiesi, GlaxoSmithKline, 
Menarini and Sanofi.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and has been approved 
by, For Germany: Ethics Committee of the Philipps- University of Marburg, Germany 
(ID: 32/21) and, For Switzerland: Ethics Committee of the Canton of Zürich, 
Switzerland (ID: 2021- 00691). Participants gave informed consent to participate in 
the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. 
De- identified individual participant data and a data dictionary defining each field 
in the set can be made available to others on approval of a written request to the 
corresponding author. The request will be evaluated by a committee formed by a 
subset of coauthors to determine the research value. A data- sharing agreement will 
be needed. The full study protocol will be available on request from the study author.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Rainer Gloeckl http://orcid.org/0000-0002-2741-2748

REFERENCES
 1 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 2013;188:e13–64. 

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

 3 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 2015;192:1373–86. 

 4 Morgan M. Expanding pulmonary rehabilitation capacity. One size won’t fit all. Thorax 
2017;72:4–5. 

 5 Hug S, Cavalheri V, Gucciardi DF, et al. An Evaluation of Factors That Influence 
Referral to Pulmonary Rehabilitation Programs Among People With COPD. Chest 
2022;162:82–91. 

 6 Desveaux L, Janaudis- Ferreira T, Goldstein R, et al. An international comparison of 
pulmonary rehabilitation: a systematic review. COPD 2015;12:144–53. 

 7 Holland AE, Cox NS, Houchen- Wolloff L, et al. Defining Modern Pulmonary 
Rehabilitation. An Official American Thoracic Society Workshop Report. Ann Am Thorac 
Soc 2021;18:e12–29. 

 8 Blandford A, Wesson J, Amalberti R, et al. Opportunities and challenges for telehealth 
within, and beyond, a pandemic. Lancet Glob Health 2020;8:e1364–5. 

216 Gloeckl R, et al. Thorax 2025;80:209–217. doi:10.1136/thorax-2024-221803

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

S
E

 &
 C

o
. K

G
at S

ch
o

n
 K

lin
ik B

erch
tesg

ad
en

er L
an

d
 

o
n

 M
arch

 25, 2025
 

h
ttp

://th
o

rax.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
20 D

ecem
b

er 2024. 
10.1136/th

o
rax-2024-221803 o

n
 

T
h

o
rax: first p

u
b

lish
ed

 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2741-2748
http://dx.doi.org/10.1164/rccm.201309-1634ST
http://dx.doi.org/10.1002/14651858.CD003793.pub3
http://dx.doi.org/10.1164/rccm.201510-1966ST
http://dx.doi.org/10.1136/thoraxjnl-2016-209345
http://dx.doi.org/10.1016/j.chest.2022.01.006
http://dx.doi.org/10.3109/15412555.2014.922066
http://dx.doi.org/10.1513/AnnalsATS.202102-146ST
http://dx.doi.org/10.1513/AnnalsATS.202102-146ST
http://dx.doi.org/10.1016/S2214-109X(20)30362-4
http://thorax.bmj.com/


Rehabilitation

 9 Bhatt SP, Patel SB, Anderson EM, et al. Video Telehealth Pulmonary Rehabilitation 
Intervention in Chronic Obstructive Pulmonary Disease Reduces 30- Day Readmissions. 
Am J Respir Crit Care Med 2019;200:511–3. 

 10 Hansen H, Bieler T, Beyer N, et al. Supervised pulmonary tele- rehabilitation versus 
pulmonary rehabilitation in severe COPD: a randomised multicentre trial. Thorax 
2020;75:413–21. 

 11 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 2023;207:865–75. 

 12 Cox NS, Dal Corso S, Hansen H, et al. Telerehabilitation for chronic respiratory disease. 
Cochrane Database Syst Rev 2021;1:CD013040. 

 13 Sedeno MF, Nault D, Hamd DH, et al. A self- management education program 
including an action plan for acute COPD exacerbations. COPD 2009;6:352–8. 

 14 Ozsoy I, Kodak MI, Kararti C, et al. Intra- and Inter- Rater Reproducibility of the Face- 
to- Face and Tele- Assessment of Timed- up and Go and 5- Times Sit- to- Stand Tests in 
Patients with Chronic Obstructive Pulmonary Disease. COPD 2022;19:125–32. 

 15 Global initiative for chronic obstructive lung disease on 2022 global strategy for 
prevention, diagnosis and management of copd. 2022. Available: www.goldcopd.org

 16 Kon SSC, Canavan JL, Jones SE, et al. Minimum clinically important difference for the 
COPD Assessment Test: a prospective analysis. Lancet Respir Med 2014;2:195–203. 

 17 Crook S, Büsching G, Schultz K, et al. A multicentre validation of the 1- min sit- to- 
stand test in patients with COPD. Eur Respir J 2017;49:1601871. 

 18 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 2020;6:00460- 2020. 

 19 Frei A, Radtke T, Dalla Lana K, et al. Effectiveness of a Long- term Home- Based Exercise 
Training Program in Patients With COPD After Pulmonary Rehabilitation: A Multicenter 
Randomized Controlled Trial. Chest 2022;162:1277–86. 

 20 Kim C, Choi H- E, Rhee CK, et al. Efficacy of Digital Therapeutics for Pulmonary 
Rehabilitation: A Multi- Center, Randomized Controlled Trial. Life (Basel) 2024;14:469. 

 21 Franke K- J, Domanski U, Schroeder M, et al. Telemonitoring of home exercise cycle 
training in patients with COPD. Int J Chron Obstruct Pulmon Dis 2016;11:2821–9. 

 22 Steurer- Stey C, Dalla Lana K, Braun J, et al. Effects of the “Living well with COPD” 
intervention in primary care: a comparative study. Eur Respir J 2018;51:1701375. 

 23 Strassmann A, Guler M, Steurer- Stey C, et al. Nationwide implementation of the self- 
management program “Living well with COPD”: Process and effectiveness evaluation 
using a mixed- methods approach. Pat Educ Couns 2022;105:670–8. 

 24 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 2017;19:e144. 

 25 Yonchuk JG, Mohan D, LeBrasseur NK, et al. Development of Respercise® a Digital 
Application for Standardizing Home Exercise in COPD Clinical Trials. Chronic Obstr 
Pulm Dis 2021;8:269–76. 

 26 Kwon H, Lee S, Jung EJ, et al. An mHealth Management Platform for Patients with 
Chronic Obstructive Pulmonary Disease (efil breath): Randomized Controlled Trial. 
JMIR Mhealth Uhealth 2018;6:e10502. 

 27 Demeyer H, Louvaris Z, Frei A, et al. Physical activity is increased by a 12- week 
semiautomated telecoaching programme in patients with COPD: a multicentre 
randomised controlled trial. Thorax 2017;72:415–23. 

 28 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 2023;78:442–50. 

 29 Chung C, Lee JW, Lee SW, et al. 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 
2024;12:e41753. 

217Gloeckl R, et al. Thorax 2025;80:209–217. doi:10.1136/thorax-2024-221803

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

S
E

 &
 C

o
. K

G
at S

ch
o

n
 K

lin
ik B

erch
tesg

ad
en

er L
an

d
 

o
n

 M
arch

 25, 2025
 

h
ttp

://th
o

rax.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
20 D

ecem
b

er 2024. 
10.1136/th

o
rax-2024-221803 o

n
 

T
h

o
rax: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.1164/rccm.201902-0314LE
http://dx.doi.org/10.1136/thoraxjnl-2019-214246
http://dx.doi.org/10.1164/rccm.202204-0643OC
http://dx.doi.org/10.1002/14651858.CD013040.pub2
http://dx.doi.org/10.1080/15412550903150252
http://dx.doi.org/10.1080/15412555.2022.2038119
www.goldcopd.org
http://dx.doi.org/10.1016/S2213-2600(14)70001-3
http://dx.doi.org/10.1183/13993003.01871-2016
http://dx.doi.org/10.1183/23120541.00460-2020
http://dx.doi.org/10.1016/j.chest.2022.07.026
http://dx.doi.org/10.3390/life14040469
http://dx.doi.org/10.2147/COPD.S114181
http://dx.doi.org/10.1183/13993003.01375-2017
http://dx.doi.org/10.1016/j.pec.2021.06.018
http://dx.doi.org/10.2196/jmir.7116
http://dx.doi.org/10.15326/jcopdf.2020.0194
http://dx.doi.org/10.15326/jcopdf.2020.0194
http://dx.doi.org/10.2196/10502
http://dx.doi.org/10.1136/thoraxjnl-2016-209026
http://dx.doi.org/10.1136/thoraxjnl-2021-218338
http://dx.doi.org/10.2196/41753
http://thorax.bmj.com/

	Smartphone application-­based pulmonary rehabilitation in COPD: a multicentre randomised controlled trial
	Abstract
	Background﻿﻿﻿﻿
	Methods
	Study design and participants
	Study procedure
	Intervention group
	Control group

	Outcomes
	Sample size and statistical analyses
	Handling of missing data

	Results
	Primary endpoints
	Secondary endpoints
	Exploratory outcomes
	Application adherence and satisfaction
	Adverse events

	Discussion
	Conclusions

	References


