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Purpose: Pulmonary rehabilitation (PR) is an effective intervention for patients with chronic obstructive pulmonary disease (COPD),
yet its utilization remains very limited. Tele-pulmonary rehabilitation (TPR) may improve access, but the safety and feasibility of
asynchronous, app-based programs remain insufficiently studied, especially for patients with severe disease.

Patients and methods: This is a retrospective study of patients with COPD who participated in an asynchronous Al-supported TPR
program using the ActiveLungs© mobile application between 2022 and 2025. Patients were included if they had spirometry-validated
COPD and completed >10 training sessions in the application. Safety, feasibility, and adherence with the app trainings were evaluated.
Results: A total of 124 patients were included (median age 74 years, 54% female, median FEV1 50%predicted), of whom 55% used
long-term oxygen therapy. During the study period, 17,399 trainings and 61,706 exercise sessions were completed. No serious adverse
events were reported. Self-reported respiratory worsening occurred in 23% of patients and was associated only with chronic oxygen
use (HR 2.68, 95% CI 1.08-6.65, p=0.033). Median (IQR) program use was 129 days (65-433), with trainings performed in 49% (31—
64) of the days, and 79% completing more than 24 trainings. All four exercise sessions (2 aerobic and 2 resistance) were completed in
82% of the trainings.

Conclusion: An asynchronous, Al-integrated TPR mobile application demonstrated a favorable safety profile and good patient
engagement, even in patients with severe COPD. Prospective studies are warranted to evaluate its effectiveness on clinical outcomes.
Keywords: chronic obstructive pulmonary disease, artificial intelligence, rehabilitation, exercise, remote

Introduction

Pulmonary rehabilitation (PR) is a non-pharmacological intervention that traditionally involves a multidisciplinary,
personalized program with weekly sessions. These sessions include aerobic and resistance exercises, education, social
support, and functional assessments.' PR has been proven effective in improving symptoms, quality of life, and
pulmonary function test (PFT) results in various respiratory diseases, including chronic obstructive pulmonary disease
(COPD).? In COPD, several studies have also shown improved survival and a lower rate of exacerbations following
PR.>? Despite its proven efficacy, PR remains grossly underutilized.*> For example, a large retrospective study of
223,832 individuals hospitalized for COPD found that only 1.9% received PR within 6 months.” A national prospective
cohort of patients hospitalized with a COPD exacerbation showed similar outcomes, reporting a 1% PR initiation rate
following discharge.’

Several barriers contribute to this gap. These include lack of knowledge (both among physicians and patients), limited
patient access and mobility,” long distances from home to PR facilities, and the need for pulmonologist referral.®
Additionally, as traditional PR (with in-person sessions) is often offered exclusively by large or specialized medical
centers, there is a lack of available programs and long waiting times. A possible solution to these barriers is tele-
pulmonary rehabilitation (TPR) programs, which provide rehabilitation services remotely to patients in their homes using
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technological solutions.” TPR has shown promise in improving uptake and access to maintenance programs after
traditional PR, with effects comparable to in-person interventions.'®'" However, TPR is not widely implemented in
many countries, mainly due to a lack of experienced teams and low awareness of this relatively new intervention.
TPR can generally be performed synchronously, using real-time interaction with healthcare personnel, or asynchro-
nously, usually with pre-recorded exercise videos, written treatment plans, and a digital platform to deliver educational
materials and follow patients’ progression.'*'> Asynchronous TPR has the potential to reach a larger number of patients,
while requiring fewer resources and being more flexible. On the other hand, with the lack of real-time supervision by
healthcare professionals, safety and feasibility are a concern, especially for patients with COPD. To date, these issues
have been assessed in only a few studies,'*'> limiting their wider acceptance and implementation. For this reason, we
aimed to assess the safety and feasibility of an Al-based application (ActiveLungs©) for TPR in patients with COPD.

Methods

This is a retrospective study including all patients with COPD who utilized the ActiveLungs© application (AL-app)
between June 2022 (inception) and October 2025 for TPR. Patients were included if they had a diagnosis of COPD
validated by pulmonary function tests and completed at least 10 trainings in the AL-app. Patients without baseline
information were excluded from the study. The study received exemption from institutional review board approval by the
TASMC IRB committee (0349-25-TLV) due to its design. Informed consent was waived by the IRB, considering the
retrospective design and anonymized data analysis. The study complies with the Declaration of Helsinki and is reported
in line with the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE guidelines).

AL-App as a TPR Application

The AL-app is available through mobile phone and was introduced in Israel in 2022. The application provides recorded
physical exercise sessions for users to use daily at home. Patients can be referred to the app by their treating physician or
can join on their own initiative. Importantly, the application is self-funded, with no predefined or recommended program
duration. The app includes different aspects to comply with standards for PR and remote PR,"'®!” which will be
portrayed in the following sections (Figure 1).

Patient Assessment

Patient assessment is an essential component of PR in general, and specifically of TPR. Before registration to the app,
patients are obligated to complete pulmonary functions and an assessment by a pulmonologist. Contraindications for TPR
using the app include uncontrolled comorbidity (such as hypertension, heart failure, etc)., hospitalization at 1 week prior
to enrollment, and the inability to perform seated or standing exercises (eg., bedridden patients). Upon remote registra-
tion to the app, patients independently perform a physical-respiratory assessment designed to evaluate both physical and
respiratory capacity, together with a 3-minute walking test with vital sign measurements before and after the test and
symptom questionnaires.

Daily Training and COPD-Related Care

The program includes different components to deliver exercise training and care in other areas related to COPD
(Figure 2). All training sessions were performed by the patients without any supervision from medical personnel or
the app team and without recordings. The presence of a caregiver during training sessions was not mandatory and was
left to each participant’s discretion. The exercise program did not require dedicated training equipment; exercises were
based primarily on bodyweight resistance and commonly available household items. Each daily training includes four
different sessions — two aerobic and two resistance exercises, each with 1-3 repetitions. If the system identifies a lack of
adherence during the subscription, it will send personalized messages to facilitate activity. In addition to the training
sessions, the application provides educational content for patients, including written guides and visual materials on
proper breathing techniques and coping with daily challenges related to chronic respiratory disease. The app also includes
a dynamic question-and-answer knowledge base covering various disease-related topics.
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Figure | ActiveLungs© application as a tele-pulmonary rehabilitation program.
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Individualized and Dynamic Program

Each patient receives a personalized program based on their physical capability and performance in the initial assess-
ment. Following this assessment, the app’s recommendation system continues to personalize the program for each
patient, dynamically adjusting the duration, intensity, and overall training load according to the patient’s progress and
endurance. These dynamic changes are assisted by an Al-assisted decision framework integrated within a rule-based
algorithm. The system continuously analyzes the user’s performance, vital signs, and self-reported symptoms to generate
adaptive recommendations regarding exercise components and intensity. The application generally prescribed a safe low-
to-moderate training intensity, aiming to keep patients at approximately 70% of predicted maximal heart rate. For patients
with lower functional capacity or greater respiratory limitation, a more conservative target of up to approximately 60—
65% predicted maximal heart rate was used. All suggested changes are reviewed and approved by the app’s expert
personnel before implementation, at least twice a week for each patient. A mode of intensified training may also be
suggested by the system for patients demonstrating stable clinical parameters and consistent exercise completion, leading
to a gradual increase in exercise intensity and duration.

Safety

Safety and quality control are key aspects of the app, considering its asynchronous nature. For safety, several measures
are implemented. Users record their vital signs at the beginning and end of each session, and during each session.
Premature training termination is triggered by the app if abnormal physiological parameters are detected during the
session, including oxygen saturation <90% or heart rate exceeding 80% of the patient’s predefined maximal heart rate. In
such cases, patients are instructed to rest for several minutes and repeat the measurements. If the values do not return to
the acceptable range, the training session is terminated for the rest of the day. In addition, at the beginning of each
session, patients are asked to answer brief questions regarding how they feel and to provide a self-assessment of their
current respiratory condition. If deterioration is reported, the system temporarily adjusts the rehabilitation program to
a lower-intensity training plan appropriate to the patient’s condition. At the same time, the treating physiotherapist/
respiratory therapist receives an alert regarding the reported change in status in order to provide initial remote guidance
and assess whether further medical evaluation is required.

Study Outcomes

The primary outcome of this study was the safety of performing home-based asynchronous sessions using the applica-
tion. This outcome included low saturation events (<90% in room air or under oxygen supplementation in relevant
patients) during exercise, self-reporting of worsening symptoms in the 12 hours following each session or after as done at
the time of follow-up training, premature termination of a session due to persistent abnormal vital signs, and any other
events that occurred directly after a session and were reported by patients. Secondary outcomes focused on patients’
adherence to the app, and included subscription duration to the AL-app, the number of trainings and sessions completed,
and the rate of sessions completed per training.

Data Analysis

Safety outcomes and adherence with the app are reported using integrated data on each patient level. Therefore, for
continuous variables, data were first assessed for each patient, with further analysis using the medians of each patient. We
chose this method to standardize differences in app use between patients. Still, when relevant, outcomes were also
reported by training (for example, direct adverse events or the number of sessions per training). Assessment of predictors
for >1 self-reported respiratory worsening was made by Mann—Whitney U-tests for continuous variables and Chi-Square
test for categorical variables. Assessment of predictors for the rate of complete sessions per training was performed using
univariate linear regression. All analyses were performed in SPSS version 30.0.

Results
During the study period, 143 patients initiated TPR in the ActiveLungs app. Of them, 12 did not have validated COPD
and 7 completed less than 10 trainings, resulting in a cohort of 124 patients (Figure 3). Overall, 17,399 trainings were

4 https: International Journal of Chronic Obstructive Pulmonary Disease 2026:21



Freund et al

“ActiveLungs” application TPR
users between 2022-2025
N=143

Invalid diagnosis of
COPD (n=12)

y

Patients with COPD (n=131)

Less than 10 trainings
(n=7)

v

Study cohort
N=124

General assessment:
17,399 trainings
61,706 exercise sessions

Figure 3 Study inclusion process.

performed on the app (each with up to 4 exercise sessions), with a combined total of 61,706 aerobic or resistance sessions
completed by the 124 participants.

Cohort characteristics are presented in Table 1. The median (IQR) age was 74 (68-79), 54% were female, 55% had
long-term oxygen therapy (LTOT), and 50% had previously participated in PR. There was a high rate of comorbidities,
with 15% having cardiovascular conditions, 6% having concurrent interstitial lung disease, 6% bronchiectasis, and 8%

lung cancer.

Table | Study Cohort Characteristics*

Variable Cohort, N=124
Age, years 74 (68-79)
Female sex 67 (54%)
Smoking history
No active smoking 12 (10%)
Former smoking 83 (72%)
Active smoking 20 (17%)
Pack years 28 (22-35)
BMI 28.3 (16-31)
Cardiovascular comorbidity 18 (15%)
Concurrent interstitial lung disease | 7 (6%)
Bronchiectasis 7 (6%)
History of lung cancer 10 (8%)
Chronic oxygen use 68 (55%)
Prior pulmonary rehabilitation 62 (50%)
FEVI, %predicted 50 (32-60)
FVC, %predicted 70 (58-78)
Treatments:
No long-acting bronchodilator 13 (11%)
LABA inhaler 7 (6%)
ICS + LABA inhaler 35 (28%)
(Continued)
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Table | (Continued).

Variable Cohort, N=124
LAMA + LABA inhaler 18 (15%)

Triple therapy inhaler 51 (41%)
Chronic azithromycin 4 (3%)
Maintenance oral corticosteroids 5 (4%)

Note: All continuous variables are presented as median (interquar-
tile range) and categorical variables as n (%).

Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting
beta agonist; LAMA, long-acting muscarinic antagonist.

Safety

There were no known adverse events directly associated with performing TPR using the app, including trauma during
app sessions, self-reported respiratory worsening within 12 hours after training, or deaths (known to be caused as a direct
sequela). At the time of data analysis, 74 patients had discontinued their subscription to the application. Of them, 4
patients had died, all more than 2 weeks from their last training and without known direct adverse effects from using the
app. Other reasons for discontinuing use of the app included: deterioration in medical condition or inability to perform
exercises (n=15), inability to use the app alone (n=11), financial limitations (n=10), and receipt of regular PR from their
health maintenance organization (n=6). 28 patients have not disclosed their reason for discontinuation. Characteristics of

the 7 patients who were excluded due to <10 trainings are shown in Supplementary Table 1. Reasons for their

discontinuation included the inability to use the app alone (n=3), financial limitations (n=1), inability to perform the
app exercises (n=1), receipt of regular PR (n=1), and unknown (n=1).

Safety outcomes per patient are presented in Table 2. Low saturation events occurred on 4.5% of training days,
corresponding to a median of 2.2% (0-7.5%) of training days per patient. Premature training termination by the app
occurred on 5.4% of training days, with a median (IQR) of 8% (2—12%) terminations of the training days per patient.
Self-reported respiratory worsening before training initiation was reported by 29 patients (23%) at least once. Self-
reported worsening was associated with chronic oxygen use (HR 2.68, 95% CI 1.08-6.65, p=0.033), but not with the rate
of low-saturation events, protocol intensity, age, or comorbidities (supplementary Table 2).

Patient Engagement in the App

Secondary outcomes of patients’ involvement with the AL-app are presented in Table 3. The median subscription
duration to the app was 129 days (65—433), with trainings completed in 49% (31-64) of the days, translating to 3 (2—4)
trainings per week. 79% completed more than 24 trainings, which is the commonly accepted number of training days in
traditional PR. Each training consisted of a median (IQR) of 4 (4—4) exercise sessions out of the four sessions offered per

Table 2 Safety Outcomes per-Patient in the Study Cohort*

Variable Cohort, N=124
Any self-reported respiratory worsening 29 (23%)

2| app-initiated training termination 93 (75%)
Premature training terminations per patient, amount 5(2-9)

Premature training termination per patient, % of trainings | 8 (2-12)

2| training with low saturation 70 (57%)
Low saturation events per patient, amount 1 (04)
Low saturation events per patient, % of trainings 2.2 (0-7.5)

Note: * All continuous variables are presented as median (interquartile range) and categorical
variables as n (%).
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Table 3 Patient Engagement with the Application*®

Variable per Patient Study Cohort
Days subscribed 129 (65-433)
Completed trainings 61 (29-156)
Training days of those subscribed, % 49 (31-64)
Weekly trainings 3 (24

Intense program integration 22 (18%)
Sessions per training 4 (44)

Resting oxygen saturation, % 96 (94-97)
Resting heart rate, bpm 79 (73-86)

Session results per patient

Aerobic sessions amount 115 (49-296)
Completed aerobic sessions per training | 2 (2-2)
Duration of aerobic session, minutes 11.3 (7.8-15.1)
Strength sessions amount 116 (44-310)

Completed strength sessions per training | 2 (2-2)

Note: * All continuous variables are presented as median (interquartile
range) and categorical variables as n (%).

training. Of note, among patients who had discontinued use of the app, the median (IQR) subscription duration was 133
(64-436) days.

Each training included a median (IQR) of 2 (2-2) aerobic sessions and 2 (2-2) resistance sessions. The net duration of
aerobic sessions in each training was a median (IQR) of 11.3 (7.8-15.1) minutes. All four exercise sessions (2 aerobic
and 2 resistance) were completed in 82% of the trainings. A lower rate of sessions completed per training was associated
with a lower baseline FEV1 (f=0.274, p=0.010), without additional correlations with demographic or clinical character-
istics (supplementary Table 3). An intense program was integrated during TPR for 22 patients (18%), resulting in longer
aerobic session durations (median [IQR] 15.7 [12.1-17.9] vs. 10.5 [6.4—13.9] minutes, p=0.002).

Discussion

In this retrospective study, we provide a detailed assessment of an app-based asynchronous TPR. The AL-app was the
focus of this study given the limited prior evidence on similar interventions and its relatively novel methodology
incorporating Al within the routine personal training program, without exclusion of severe COPD patients or requirement
of long-term oxygen treatment (LTOT). The app-based TPR was found to be safe and enabled patients to adjust their
training program, with most patients performing more weekly trainings than is usually done in traditional PR or
synchronous TPR. It is important to note that the app was privately paid for by the patients and retrospectively assessed,
leading to potential biases as discussed below. For this reason, we could not assess its effectiveness on disease outcomes.
Still, by providing one of the largest datasets in terms of training volume and safety assessment, in a cohort with more
than 50% LTOT use, we believe this work provides important insights for further large-scale implementation.

The safety of asynchronous TPR has been of much interest in recent years. The lack of real-time supervision allows
for a larger volume of patients, while posing a perceived risk for patients with significant chronic lung diseases, such as
COPD. Chaplin et al performed a randomized controlled trial (RCT) in 103 COPD patients, comparing asynchronous
TPR and in-person PR, without reporting any major safety events.'> A systematic review also found an acceptable safety
profile of unsupervised TPR, although it was reported by only 4 of the 10 studies included in this review.'® Two
additional RCTs did not assess safety outcomes,'*° highlighting the knowledge gap in this area. Respiratory worsening
events amongst our cohort were expected during their subscription, considering the relatively severe disease many
patients had. Still, the observed 23% rate of these events should be interpreted with caution and may be an underestimate
of the true rate. This is because the rate is based on patient reports at the following post-worsening training; hence, cases
of patients who experienced worsening and subsequently stopped using the application would not have been identified.
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Utilization of the TPR app is another important aspect. In our study, 5% completed fewer than 10 trainings, and 79%
completed more than 24, which is the commonly accepted number of sessions in traditional PR. The median of 3 weekly
trainings also aligns with the minimum recommendation in the app. Important characteristics supporting these findings
are the flexibility in training timing, an individualized exercise program, and personalized reminders. Prior studies have
found an 82-93% compliance rate with the prescribed frequency,'® although a lower compliance rate of 60% was also
reported.”’ In the study by Chaplin et al,'> the web-based program had a 57% dropout rate, higher than the conventional
PR group (23%). In a recent RCT of 278 COPD patients, only 40.4% were adherent to a mobile asynchronous TPR
application, using a cutoff of >3 days/week.”> These findings support the notion of choice-based PR based on patients’
preferences and characteristics.

The TPR app presented in our work is supported by an Al-assisted decision framework integrated within a rule-based
algorithm. This system assesses different variables, including vital signs, self-reported symptoms, and performance
during exercise sessions, to provide detailed recommendations for subsequent training. Even though approvals are
required from the app expert personnel (which increases the program’s safety and precision), the system facilitates
more efficient work with less time required per patient. Rehabilitation services have already started incorporating Al to
improve care. To date, Al is mostly used in TPR or traditional PR for monitoring, predicting intervention outcomes,>
and evaluating exercise quality with feedback.?* A recent meta-analysis found three prior randomized controlled trials on
Al-assisted PR.*> The main study from this review?® randomized 343 COPD patients to either a tele-coaching interven-
tion or usual care. The intervention was based on automated coaching, providing daily activity goals and feedback, and
performing automated weekly revisions of patients’ targets. After 12 weeks, the intervention led to higher physical
activity (primary outcome) without major side effects. While promising, additional research is needed to assess the
impact of Al integration on cost-effectiveness compared with traditional PR or TPR.

Our study has limitations. First, given the retrospective design and the absence of a control group, we cannot infer the
effect of the app on COPD outcomes. Second, patients chose to join the app and pay the monthly fee, leading to selection
bias that affects our secondary outcomes and must be taken into consideration. Still, this reflects a real-world scenario in
which patients choose the PR method that is optimal for their daily routine and limitations. Third, although respiratory
worsening was assessed at every daily training (median of 3 times per week), some events may not have been reported,
leading to underestimation. In addition, this issue leads to ascertainment bias, as patients who experienced worsening and
subsequently stopped using the application would not have had the opportunity to report that event. Fourth, dedicated
diaphragmatic or inspiratory muscle training may provide additional benefits in selected patients and should be
considered in future TPR programs. Finally, there was no standardized assessment of exercise capacity in the app; this
has now been incorporated and will be the focus of future work.

In conclusion, Al-integrated asynchronous tele-pulmonary rehabilitation application was safe and feasible for patients
with COPD, and specifically with severe disease requiring LTOT. The program demonstrated good patient engagement,
with most participants completing training frequencies comparable to or exceeding those recommended in conventional
pulmonary rehabilitation. These findings support the potential of app-based tele-rehabilitation to expand access to
rehabilitation services. Prospective studies are needed to evaluate its impact on clinical outcomes and cost-effectiveness.
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