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Abstract

Physical inactivity is a modifiable and significant trait in people with COPD. While traditional exercise-based pulmonary
rehabilitation (PR) improves symptoms and exercise tolerance, its impact on physical activity (PA) levels remains limited.
Digital health (eHealth) interventions may help address this gap. This study assessed the feasibility of integrating an eHealth PA
coaching intervention into PR for people with COPD. 
Patients enrolled in an outpatient PR programme were recruited for a 3-week PA coaching intervention, which used a smartband
connected to a mobile patient app and a web app for healthcare professionals (HCPs). The intervention included PA monitoring
(steps/day), weekly goal setting, and application (app) notifications for goal updates, achievement, and motivational messages.
Weekly telephone calls supported goal adjustment and identification of PA barriers. The acceptability of the intervention was
explored through a patient focus group.   
Five patients with COPD (67±9 years, 4 female; FEV1 49±23%pred) participated. The recruitment rate was 83%, with 100%
retention and adherence to the intervention (daily synchronisation). No adverse events or PA barriers were identified. One
reported app connection issue was resolved by restarting the app. Patients found the app easy to use and helpful for their PA and
remote monitoring by healthcare professionals (HCPs). Weekly goal adjustments and HCP contact were valued. Limitations
regarding the app’s use included a lack of personalisation, goal setting restricted to steps, and occasional step miscounts.
The intervention was feasible and well-accepted. Future studies with a larger sample are needed to assess the impact of the
intervention on PA outcomes.
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ABSTRACT 
Physical  inactivity  is  a  modifiable  and significant  trait  in  people  with  COPD.  While  traditional
exercise-based pulmonary rehabilitation (PR) improves symptoms and exercise tolerance, its impact
on physical activity (PA) levels remains limited.  Digital  health (eHealth) interventions may help
address  this  gap.  This  study  assessed  the  feasibility  of  integrating  an  eHealth  PA  coaching
intervention into PR for people with COPD. 
Patients  enrolled  in  an  outpatient  PR  programme  were  recruited  for  a  3-week  PA coaching
intervention, which used a smartband connected to a mobile patient app and a web app for healthcare
professionals (HCPs). The intervention included PA monitoring (steps/day), weekly goal setting, and
application (app) notifications for goal updates, achievement, and motivational messages. Weekly
telephone calls supported goal adjustment and identification of PA barriers. The acceptability of the
intervention was explored through a patient focus group.   
Five patients with COPD (67±9 years, 4 female; FEV1 49±23%pred) participated. The recruitment rate
was 83%, with 100% retention and adherence to the intervention (daily synchronisation). No adverse
events or PA barriers were identified. One reported app connection issue was resolved by restarting
the app.  Patients  found the app easy to  use and helpful  for  their  PA and remote monitoring by
healthcare professionals (HCPs). Weekly goal adjustments and HCP contact were valued. Limitations
regarding  the  app’s  use  included  a  lack  of  personalisation,  goal  setting  restricted  to  steps,  and
occasional step miscounts.
The intervention was feasible and well-accepted. Future studies with a larger sample are needed to
assess the impact of the intervention on PA outcomes. 
Contribution of paper:

1. Feasible to integrate eHealth PA coaching into pulmonary rehabilitation, with high adherence
and no adverse events.

2. Well accepted by patients, who valued goal setting, feedback, and healthcare professionals’
support.

Keywords: 
COPD, eHealth intervention, physical activity, pulmonary rehabilitation 
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a highly prevalent lung disease that imposes a
significant  burden  on  the  healthcare  systems  and  is  a  major  cause  of  long-term  disability  [1].
Physical  inactivity  is  a  crucial  treatable  trait  in  COPD,  as  it  is  related  to  increased  risk  of
exacerbations, hospitalisations and mortality  [2]. Thus, improving physical activity (PA) levels in
these patients is a global priority [1].
Pulmonary rehabilitation (PR) is a non-pharmacological and evidence-based intervention known to
improve symptomatology and functional performance in patients with COPD [3-5]. Exercise training
is considered a cornerstone of PR. Previous studies have found inconsistent results regarding the
impact of exercise-based PR on patients’ PA levels. This suggests that behavioural interventions like
PA coaching should be integrated into PR to optimise promotion of an active lifestyle  [6-8]. This
strategy allows clinicians to detect and intervene early in case of low PA adherence [9]. 
Therefore, it is crucial to develop strategies to optimise patients’ PA during and after the PR. PA
coaching  can  be  supported  by  Information  and  Communication  Technologies  such  as  eHealth,
including mobile applications (apps), as their use is increasingly common in everyday life [10], and
technology is embedded into the healthcare systems [11]. Mobile apps can monitor PA in real-time,
allowing  automated  and  continuous  self-monitoring  and  feedback  on  the  PA performed  [12],
enabling  the  burdenless  measurement  of  activity  with  acceptable  accuracy  [13],  and  continuous
access to recorded data (longitudinally and in real-time) [12]. 
Interventions,  such  as  PA coaching  using  eHealth,  should  first  be  assessed  for  feasibility  and
acceptability  to  ensure  their  optimisation  before  conducting  a  more  robust  study  on  their
effectiveness  [14].  Thus,  this  study aimed to determine the feasibility  and acceptability  of  a  PA
coaching intervention using an eHealth platform in patients with COPD attending a PR program. 
MATERIAL AND METHODS
Design
This was a single-group feasibility study which investigated a 3-week intervention of a PA coaching
intervention implemented during a PR programme. This study is part of the Effectiveness of Physical
Activity Coaching using E-Health in patients with COPD (PACE) study,  which aims to assess the
effectiveness of a personalised eHealth coaching intervention integrated into PR to increase the PA
levels in people with COPD. This feasibility study was reported in accordance with guidelines for
reporting pilot and feasibility studies (adjusted for a single-arm study) [14-16] and was approved by
the Ethics Committee of the institution involved, i.e., the Local Health Unit of the Leiria Region. 
The focus of this study was on the feasibility and acceptability of the intervention, specifically to test
the decision algorithm and assess the receptivity and acceptance of the intervention, including the
digital platform, to identify any necessary adjustments for its implementation in a larger study. For
this purpose, three weeks were needed for patients to interact with the platform, test its acceptability,
and refine the algorithm.
Participants
Potential participants were recruited from the Local Health Unit of the Leiria Region according to
the following inclusion criteria: age > 40 years old, diagnosis of COPD according to GOLD criteria
[1], clinically stable (i.e., with no exacerbations in previous month), attending the PR programme at
the  hospital  and  able  to  understand  and  provide  informed  consent.  The  exclusion  criteria  were
simultaneous  participation  in  another  PA  behavioural  modification  programme;  not  having  a
smartphone; having a clinical condition that could preclude participation in a PA intervention (e.g.,
severe  musculoskeletal  or  neurological  disorders);  other  primary  respiratory  disease;  unstable
cardiovascular disease and/or history of recent neoplasia (including last treatment) in the previous
year. 
The physician responsible for the PR programme identified the eligible patients and briefly explained
the  study  to  them.  Those  interested  in  participating  were  then  contacted  by  the  researcher  via
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telephone  to  inform  them  about  the  study  procedures  (data  collection,  dates,  and  intervention
delivery), confirm their eligibility, and ask about their willingness to participate. Reasons for not
participating were recorded. Patients who agreed to participate signed the written informed consent
before any data collection. 

Procedures

This study included four interaction moments with patients as described in  . The assessments took
place at baseline (T1) and 3 weeks after, corresponding to the end of the intervention (T4). The time
points of the intervention and assessment moments are detailed in Table 2.
In the baseline assessment (T1), participants completed a questionnaire with sociodemographic and
health-related  information (i.e.,  age,  sex,  educational  level,  occupational  status,  smoking history,
comorbidities using the Charlson Comorbidity Index [17], exacerbation history, medication, weight
and height), preferred physical activities (e.g., walking, swimming, dancing) and questions about the
type and features/apps used on their smartphone. Lung function was assessed through spirometry
[18] to further classify patients based on GOLD grades of airflow obstruction severity (GOLD 1:
FEV1 ≥ 80% predicted; GOLD 2: 50% ≤ FEV1 < 80% predicted; GOLD 3: 30% ≤ FEV1 < 50%
predicted and GOLD 4: FEV1 < 30% predicted) [1]. GOLD ABE was determined according to the
patients’ exacerbation history and symptoms  [1]. The impact of COPD on daily living, dyspnoea,
fatigue, exercise tolerance, quality of life, and self-efficacy for PA were also assessed, as described in
detail in the topic below “Secondary outcome measures (health-related outcomes).” 
Then, patients received the PA mobile app paired with a smartband to use for 1 week, establishing
their baseline step count for goal setting in the following weeks. In a second moment (T2 – end of
the  first  week),  patients  received  education  on the  importance  of  PA and recommendations  and
agreed on the first PA goal set.  In the third moment (T3 – end of the second week), the researcher
reviewed the achievement of the previous PA goal, explored barriers to PA behaviour and potential
adverse events, and set the next goal with the patient through a telephone call. One week later (T4 –
end of the third week), patients returned the app and the smartband and were reassessed as in T1. A
focus group interview with patients was also conducted to assess their feedback on the PA coaching
intervention, including their experience with new technology, perspectives on the importance of PA
promotion interventions,  app functionality,  acceptability,  barriers,  and facilitators  of  its  use.  The
intervention is described in detail below (see Intervention - PA coaching intervention). 

Legend: 6MWT, 6-Min Walk Test; App, application; CAT, COPD Assessment Test; CIS-20P, Checklist  of  Individual
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Strength; mMRC, modified Medical Research Council Scale; PA, Physical Activity; SF-36, MOS Short-Form Health
Survey 36 Item v2. 
Figure 1 – Design of the feasibility study.

Table 2 - Timepoints of the intervention and assessments.

TIMEPOINTS T1 Week 1 T2 Week 2 T3 Week 3 T4

ASSESSMENTS

Sample characterisation

Sociodemographic data

Smartphone use

Lung function (Spirometry)

Impact of the disease (CAT)

Dyspnoea (mMRC)

Fatigue (CIS-20P)

Quality of Life (SF-36)

Self-Efficacy for PA (Self-Efficacy for PA
Scale)

Exercise tolerance (6MWT)

Acceptability variables (focus group)

Feedback about intervention

Feedback about functioning of the app

Feasibility variables

Recruitment rate

Adherence to the intervention 

Dropout rate and reasons

Intervention  safety (adverse  events,
unplanned healthcare use)

Technical  issues  about  app  functioning
(self-reported)

Duration  and  content  of  the  weekly
telephone calls

Intervention

eHealth platform for PA coaching
The eHealth platform used in this study was the Fitrockr Hub App (Fitrockr Health Solutions, Berlin,
Germany), that includes two applications – a web app for healthcare professionals and a mobile app
for  patients.  This  eHealth  platform enables  tailoring PA coaching to  each patient  by monitoring
patients’ adherence to predefined PA goals and enabling individualised notifications. 
The Fitrockr Hub App platform comprises two applications – a web app for healthcare professionals
and a mobile  app for  patients.  The mobile  app synchronises  with a Garmin smartband (Garmin
Vivosmart 4; Garmin, Kansas, United States), which allows for PA monitoring (i.e., steps, distance,
and  calories),  access  to  PA history  (in  days),  daily  PA goals  (defined  in  the  web  app),  and
notifications on the patient’s performance based on the fulfilment of their personal goals.  The web
app for  the  healthcare  professionals  allows them to  monitor  patients’ daily  PA to define  and/or
change individualised goals, which will then appear on the homepage of the mobile app. Through the
web page, healthcare professionals can also insert new patients, prescribe personalised PA goals for
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each patient (i.e., steps), monitor their daily PA activity (e.g., observe how many steps they do on a
given day), check whether patients met their prescribed goals and send personalised notifications.
The data can be exported to Excel files for further analysis.
PA coaching intervention
Patients  were  asked  to  wear  the  Garmin’s  smartband  (Garmin  Vivo  Smart  4)  connected  to  the
Fitrockr Hub App every day for one week to set their baseline steps (T1). As the mobile app does not
synchronise automatically with the smartband, patients were asked to manually synchronise them
twice a day (i.e., upon awakening and before retiring for the night), every day, by clicking a button in
the app.
After the first week (T2), patients received information about the importance and recommendations
of PA, and the first PA goal was set (in person). The personalisation of the goal was based on an
algorithm (Figure 2) that considered the amount of PA performed in the previous week (i.e.,  the
average number of daily steps in the last 7 days) and patients’ confidence in changing the goal. The
“confidence” level was then translated into a percentage increase from the previous goal, and the
adjusted goal was then displayed in the Fitrockr Hub App. To avoid the risk of injuries and to ensure
tolerability, the weekly increase in PA goals did not exceed 10%  [19]. During the week, patients
received an automatic notification every day at 6 PM about their goal achievements, providing them
with the opportunity to increase their PA to reach their daily goal if needed. During the intervention,
patients  received  sporadic  personalised  notifications  sent  manually  by  the  researcher  (e.g.,
notifications about bad weather suggesting indoor activities, incentive messages). At the end of the
second week (T3), patients received a telephone call to check their PA progression. If patients did not
achieve their goals in the previous week, the researcher asked them to identify potential barriers to
PA improvement  and discussed possible  strategies  to  overcome them (examples  are  provided in
supplementary material  1). Then, the goal for the next week was set  according to the algorithm
presented in  Figure 2. During the intervention, patients were allowed to contact the researcher by
telephone to receive technical support, if needed. 

Figure
2 - Algorithm for goal setting and progression of physical activity coaching. 
Reasons for not progressing the goals, as well as possible adverse events and technical issues related
to app functioning, were recorded. The diary of telephone calls and goal progression was recorded
and is provided in supplementary material 2. 
Since  PA is  a  complex  behaviour  [20],  the  intervention  included  several  behaviours  change
techniques (BCTs), according to the BCT Taxonomy v1 [21], included goals and planning, feedback
and monitoring, natural consequences, repetition and substitution, comparison of outcomes and self-
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belief.  More  information  on  how  these  BCT were  implemented  is  provided  in  supplementary
material 3. 
Outcomes
Primary outcomes
Feasibility
Feasibility was defined as the extent to which the intervention can be successfully implemented
within a given setting/larger study [22]. Feasibility was evaluated through the following parameters
assessed during the intervention: 
Feasibility of the study design:

 Recruitment rate (%) = (n. of recruited patients ÷ n. of eligible patients) × 100
 Study  retention  (%)  =  percentage  of  patients  who  completed  the  intervention  and  data

collection. The expected recruitment rate and study retention were 80%, at least [15].  
 Dropout rate (and its reasons) = (n. of dropouts ÷ n. of patients recruited) × 100

Feasibility of the intervention:
 Adherence to intervention (%) was assessed by the number of days patients had synchronised

the app with the smartband throughout the intervention, regardless of whether they achieved
the goal. 

 Intervention safety = adverse events and/or unplanned healthcare use (self-reported)
 Technical issues about app functioning (self-reported)
 Duration and content of the telephone calls.

Acceptability
Acceptability was defined as the extent to which patients receiving the intervention considered it
appropriate  to  promote  PA during  PR  [23].  Acceptability  was  assessed  through  a  focus  group
interview with a semi-structured guide and audio-recorded for posterior transcription and analysis.
The focus group interview guide is provided in supplementary material 5, and topics covered were
the following:

 Feedback about the intervention   - questions about patients’ experience with the intervention,
specifically the importance of this type of intervention to improve their PA levels, barriers and
facilitators  to  the  use  of  mobile  apps  to  promote  PA,  goal  setting  and  progression,
notifications, and health professionals’ contact. 

 Feedback about the functioning of the app   - questions about barriers and facilitators of app
usage: the experience of interacting with the smartphone app and the smartband, as well as the
degree of technological complexity.

Secondary outcome measures (health-related outcomes)
Given the short duration of the intervention (3 weeks), no changes in health-related outcomes were
expected. However, these measures were included in assessment moments to replicate the procedures
of the subsequent RCT data collection processes. Functional exercise capacity was measured using
the 6MWT [24], and predicted values were computed using the equation developed for Portuguese
adults  [25]. The test was conducted in a 30-meter corridor according to guidelines from ERS/ATS
[26]. Vital signs were measured before and after the test [27], and symptom scores for dyspnoea and
fatigue were assessed using the modified Borg scale [28]. The impact of COPD in daily living was
assessed through COPD Assessment Test (CAT) [1]; dyspnoea with the modified Medical Research
Council dyspnoea scale (mMRC) [29]; quality of life with the MOS Short-Form Health Survey 36
Item v2 (SF-36) [30, 31]; and self-efficacy for PA with an adapted version of the Physical Exercise
Self-Efficacy Scale (adapted with the authors’ permission) [32]. The fatigue was measured with the
Checklist of Individual Strength (CIS-20) and categorised into 3 categories (normal fatigue - score
≤26; mild fatigue - score between 27-35, and severe fatigue – score ≥36) [33]. 
Data analysis
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The  data  collected  through  the  focus  group  interview  were  analysed  using  a  qualitative
methodological  approach  (i.e.,  Grounded Theory  [34]).  The  participants  were  coded  through an
alphanumeric code (P1, P2…) during the data analysis. Themes and categories were created in an
Excel sheet, enabling the identification of the main topics discussed by the patients [35]. This process
was  primarily  developed  by  two  researchers  independently.  Then,  the  two  researchers  met  to
systematically compare the coding and themes and establish a consensus. After no new categories
were  produced,  the  information  was  organised  into  a  descriptive  framework  [36].  Descriptive
statistics were used to characterise the sample using IBM SPSS Statistics® (v.28.0). 
RESULTS
All  patients were recruited in  March 2024, and the follow-up lasted until  May 2024. Six (n=6)
patients participating in an outpatient PR programme were eligible for recruitment; however, one
refused to participate due to lack of interest, therefore, the final sample consisted of 5 patients. 

Patients’ characteristics
Patients had a mean age of 67.0 ± 8.9 years and a mean predicted FEV1 of 49.0 ± 22.8%, indicating a
population with moderate to severe airflow limitation. The sample was predominantly female (n=4,
80%), with most patients classified as GOLD E (n=4, 80%), suggesting a high risk of exacerbations
and symptom burden. Regarding educational level, 60% (n=3) completed 10 to 12 years of formal
education, and all patients were retired (n=5, 100%). The mean CAT score was 13.0 ± 9.0. Fatigue
levels, assessed using the CIS20-P, showed a score of 78.4 ± 28.9. Dyspnoea severity, as measured
by the mMRC scale, had a median score of was 3.0 [0.5; 3.5]. On average, each assessment session
lasted approximately 40 minutes. Characteristics of participants are presented in table 4.
Table  1 -  Participants’ sociodemographic and clinical  characteristics presented as mean  ± standard
deviation for continuous variables, and number (percentage) for categorical variables). 
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Legend: Results are presented as mean ± standard deviation, unless otherwise stated.  
6MWD, 6-minute walking distance; BMI, body mass index; CCI, Charlson Comorbidity Index; CAT, COPD Assessment
Test; CIS20-P, Checklist of Individual Strength; FEV1, forced expiratory volume in first second; GOLD, Global Initiative
for Obstructive Lung Disease; mMRC, Modified Medical Research Council. 

Regarding the experience with new technologies, all patients used smartphones, performing various
tasks on them, as using GPS (n=2), taking photos, playing games, and using social media (n=3),
sending/receiving text messages (n=4) and browsing the internet and listening to music (n=5).  

Feasibility of the study design
The recruitment rate was 83% with 100% retention and no dropouts. 
Feasibility of the intervention
During the intervention,  no adverse events or unplanned healthcare use were reported. Only one

Characteristics
Total (n=5)

Age (years) 67.0 ± 8.9

FEV1% pred 49.0 ± 22.8

BMI (kg/m2) 26.3 ± 8.7

Sex, n (%)

Female

Male

4 (80)

1 (20)

Education level, n (%)

5 – 9 years of education

10 – 12 years of education

Higher education

1 (20)

3 (60)

1 (20)

GOLD Classification, n (%)

GOLD A 

GOLD E

1 (20)

4 (80)

GOLD Classification, n (%)

GOLD 1 

GOLD 2 

GOLD 3 

GOLD 4

1 (20)

1 (20)

2 (40)

1 (20)

CCI, n (%)

Mild

Moderate      

1 (20)

4 (80)

CAT total score 13.0 ± 9.0
CIS20-P Total 78.4 ± 28.9
CIS20-subjetive fatigue, n (%)
       Normal fatigue 1 (20)
       Mild fatigue 2 (40)
       Severe fatigue 2 (40)
mMRC (median [Q1; Q3]) 3.0 [0.5; 3.5]

6MWD, meters 419.0 ± 102.0

6MWD (% predicted) 88 ± 23
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technical issue with the app was reported regarding difficulties connecting to the app – the researcher
restarted the app,  and the problem was solved.  Adherence was 100%, with patients syncing the
mobile app daily. The call for goal progression (T2) lasted an average of 10 minutes. The summary
of goal progression and diary of telephone calls (to report technical issues from the app, goal setting,
and PA promotion) was recorded, and it can be found in supplementary material 2. 
Acceptability 
The focus group interview lasted 1 hour and 6 minutes, and the following themes were identified: 

1)  Value of the PA coaching intervention using eHealth and its impact on PA levels - all patients
considered this type of intervention an added value, both for themselves to increase their perception
of PA and for healthcare professionals to help them monitor patients’ PA levels. 

P5 - "I think this is important also for doctors to see our capabilities and solve our problems accordingly… it provides
guidance [on PA] to the doctor”; P2 -"I think this helps us to have a better idea of our effort and to know if we need to
walk more…”.

2) Barriers and facilitators of the use of Fitrockr Hub App to promote PA – The focus only on step
counts to define PA goals and lack of personalisation (excluding PA activities other than walking),
occasionally step miscounts (through the smartband), and not having the app for free in the real
context  was  considered  a  barrier.  The  participants  identify  as  facilitators  having  a  user-friendly
layout, adequate time consumption and prescription of PA goals. 

P2 - "This app should have more options than just walking… it is reductive in this way”.

3) Goal setting, progression, PA monitoring and promotion – patients considered the goal setting a
collaborative and personalised process, highlighting the importance of negotiated PA goals with their
healthcare professionals. Patients considered the adjustment of their PA goals (based on performance
and  willingness  to  increase)  adequate  and  emphasised  the  identification  of  barriers  to  PA and
strategies to overcome them every week as being beneficial for PA engagement. The main barriers to
not reaching the PA goals by patients were bad weather, exacerbations/worsening of symptoms and
variability in response to PA. The importance of maintaining contact with healthcare professionals
during the intervention, either via video call or telephone, was also highlighted by all patients.

P2 -  "each patient has their own PA goal, and this is important because people have different health conditions, not
everyone has de same degree of severity so you cannot set the same goals for everyone; P4 - “(the revision of PA goals)
should be weekly because if there is any correction or adjustment needed, it can be done (right away)” ; P3 - “it was great
to have a possibility to contact our healthcare professional”; P2 - “in week 2, I have the goal of 8000 steps/day but this
coincided with cold weather and I did not have achieve the goal because I was not going leave the house with bad
weather…”; P4 - "I think is a good option to talk by telephone calls… [in that way,] the colleagues that live far away do
not need to come on purpose if they can talk by telephone”; P2 - "by videocall is better… the communication is done a
lot through gestures, eyes, voice… and you can even get a better sense of whether the person is more or less engaged
based on their facial expression”.

DISCUSSION
Main findings
Overall, this PA coaching intervention using eHealth appears to be feasible and well-accepted by
patients. Patients’ feedback about the intervention was positive, as they considered the app easy to
use  and  valuable  for  PA self-management  and  remote  monitoring  by  healthcare  professionals.
Patients  underlined  the  importance  of  weekly  goal  adjustments,  frequent  app  notifications,  and
weekly  contact  with  healthcare  professionals  through  telephone/video  calls.  However,  patients
identified some limitations regarding the use of the app, including a lack of personalisation,  the
exclusive focus on step counts to define PA goals, and occasional step miscounts.
Feasibility of the study design and the intervention
Feasibility  studies  are  carried  out  previously  to  large-scale  studies  to  determine  whether  an
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intervention can be implemented and, if so, how it should be done [37], testing the intervention for
acceptability and testing out design elements of a future RCT. The primary focus was on modifiable
factors related to the functioning of the Fitrockr Hub App in a real context and the acceptability of
PA coaching  intervention  using  eHealth  among  patients,  to  enable  its  adjustment  before  being
implemented in a larger study, to improve the chances of intervention success. Despite a shorter
intervention period compared to similar studies [38, 39], this study achieved higher recruitment and
retention rates (i.e., >80%) and adherence to the intervention, demonstrating the feasibility of this
study design [15].
The feasibility of the intervention itself was also evaluated, where the procedures to be followed
during the intervention were tested, with particular focus in the following situations: technical issues
arising from the app (e.g., synchronisation/device pairing failure); consecutive non-achievement of
the  goals,  identification  of  PA barriers,  feasibility  of  the  PA goal  setting  algorithm  and  goal
progression. 
A systematic review identified poor digital literacy and technical challenges as major barriers to the
successful implementation of eHealth interventions in COPD management [40]. Considering this, the
research team received prior training on potential technical issues to ensure adequate support during
the intervention. The only issue encountered was difficulty connecting the app to the smartband,
which was resolved by restarting the application.
No barriers were identified regarding PA practice, which may be attributed to the brief intervention
period.  Over  time,  factors  such  as  comorbidities,  environmental  challenges,  and  psychological
barriers (e.g., fear of breathlessness) can become more pronounced, potentially impairing adherence
to the intervention [41]. 
Although  participants  did  not  consistently  achieve  their  weekly  goals,  they  reported  that  the
algorithm for goal setting was appropriate, with a period of revision and incremental increases being
acceptable.  These findings align with previous literature recommending weekly goal adjustments
with step-count increases ranging from 5% to 15%, tailored to individual tolerance and adherence
levels [42-44].
Acceptability of the intervention
Despite  achieving  the  PA goals,  patients  demonstrated  full  adherence  to  the  intervention  by
synchronising the app every day. Patients were asked about their  opinion regarding the different
components of the PA coaching intervention using eHealth. Most patients found the PA promotion
app easy to use and were able to incorporate it into their daily lives. However, important limitations
were identified, including the exclusive use of step-based goals and the lack of app personalisation,
which  may negatively  impact  patients’ motivation,  sustain  engagement  with  the  intervention,  or
maintain behavioural changes. Although it is not possible to change the eHealth platform used in the
present study, as it was already developed and PA coaching may not have been its primary focus,
other aspects, such as enhancing app personalisation to better align with patients’ needs, should be
considered in future studies.
This intervention was highly valued by patients, as it maintained regular weekly contact between
them and healthcare professionals. Considering the importance of patient-professional interaction in
the success of PA promotion strategies [45], particularly within digital health interventions [40], this
component was identified as a key facilitator for the adoption of the intervention. Consistent with
previous findings [46, 47], all participants also highlighted the value of personalised goal setting,
tailored to individual needs, and feedback notifications as essential elements of such interventions.
The  primary  barriers  to  achieving  PA goals  reported  by  patients  were  consistent  with  previous
literature [48],  notably  health-related  issues  such  as  exacerbations/worsening  of  symptoms  and
individual  variability  in  response  to  PA  and  environmental  conditions  (e.g.,  bad  weather).
Recognising  these  barriers  and  implementing  strategies  to  address  them  is  critical  for  the
development of effective and individualised PA interventions that promote sustained adherence. In
the present study, several behavioural strategies — such as goal setting, feedback and monitoring,
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natural consequences, repetition and substitution, and self-belief — were employed. These evidence-
based approaches have demonstrated efficacy in improving PA levels in individuals with COPD [49-
51] by  enabling  patients  to  identify  personal  barriers  and  collaboratively  develop  strategies  to
overcome them.
The findings of this feasibility study suggest that the goal-setting algorithm is appropriate for patients
with COPD. Weekly contact between healthcare professionals and patients to establish PA goals,
identify potential barriers and corresponding strategies to overcome them, and provide feedback on
performance emerged as essential components to retain in future larger-scale studies.
Limitations
Although PA coaching using eHealth may represent a promising approach for self-managing COPD,
the findings of this study should be interpreted with caution due to the small sample size and the
predominance of participants with prior digital literacy. This limits the generalisability of the results,
as previous literature has indicated that individuals with greater interest and experience in technology
are  more  likely  to  benefit  from  eHealth  interventions  [52].  Given  the  short  duration  of  the
intervention,  significant  changes  in  PA behaviour  were  not  expected.  Instead,  collecting  health-
related  outcome  measures  at  baseline  and  the  end  of  the  study  primarily  served  to  assess  the
feasibility of data collection procedures and inform refinements for future large-scale trials.
Conclusions
This feasibility study showed that the PA coaching intervention using eHealth is well-structured and
well-accepted by the patients. However, some barriers still need to be addressed in future studies to
ensure adherence to the intervention. Larger and longer studies are required to assess the impact of
the intervention on patients’ PA levels and health-related outcomes. 

Funding: 
This work was financially supported by the PhD fellowship DFA/BD/6954/2020, funded by FCT,
MCTES,  FSE,  Por_Centro  and UE.  SF,  SP and JC acknowledge  the  support  of  the  Center  for
Innovative Care and Health Technology (ciTechCare), funded by Portuguese national funds provided
by Fundação para a Ciência e Tecnologia (FCT) (UID/05704/2023). This work was also supported
by CIPER – Centro Interdisciplinar de Estudo da Performance Humana [Grant UIDB/00447/2020].
ASG  was  financially  supported  by  the  PhD  fellowship  (DOI
https://doi.org/10.54499/2023.01387.BDANA) funded by FCT and by iBiMED (UIDB 04501).

Ethical approval: 
This study was approved by the Ethics Committee of the institution involved, i.e., the Local Health
Unit of the Leiria Region, reference 10/2024, minutes 022024/01/16 of Investigation Center of the
Local Health Unit of the Leiria Region, Portugal.

Conflict of Interest: 
The authors declare no conflicts of interest related to this work.

References
1. Global Strategy for the Diagnosis Management and Prevention of COPD,  Global Initiative

for Chronic Obstructive Lung Disease (GOLD). Available from:  https://goldcopd.org/2025-
gold-report/. 2025.

2. Ding, D., et al., The economic burden of physical inactivity: a global analysis of major non-
communicable diseases. The Lancet, 2016. 388(10051): p. 1311-1324.

3. McCarthy,  B., et  al.,  Pulmonary rehabilitation for chronic obstructive pulmonary disease.

https://preprints.jmir.org/preprint/83783 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Flora et al

Cochrane Database Syst Rev, 2015. 2015(2): p. Cd003793.
4. Puhan, M.A., et al., Pulmonary rehabilitation following exacerbations of chronic obstructive

pulmonary disease. Cochrane Database Syst Rev, 2016. 12(12): p. Cd005305.
5. Spruit,  M.A.,  et  al.,  An official  American Thoracic Society/European Respiratory Society

statement:  key  concepts  and  advances  in  pulmonary  rehabilitation. American  Journal  of
Respiratory and Critical Care Medicine, 2013. 188(8): p. e13-64.

6. Burge,  A.T.,  et  al.,  Interventions  for  promoting  physical  activity  in  people  with  chronic
obstructive pulmonary disease (COPD). Cochrane Database Syst Rev, 2020. 4: p. Cd012626.

7. Wilson, J.J.,  et  al.,  Interventions to Increase Physical Activity in Patients with COPD: A
Comprehensive Review. COPD: Journal of Chronic Obstructive Pulmonary Disease,  2015.
12(3): p. 339-354.

8. Mantoani,  L.,  et  al.,  Interventions  to  modify  physical  activity  in  patients  with  COPD: A
systematic review. European Respiratory Journal, 2016. 48: p. ERJ-01744.

9. Demeyer, H., et al., Physical activity is increased by a 12-week semiautomated telecoaching
programme in patients with COPD: a multicentre randomised controlled trial. Thorax, 2017.

10. Blažun,  H.,  et  al.,  Information  and  communication  technology  as  a  tool  for  improving
physical and social activity of the elderly. NI 2012: Proceedings of the 11th International
Congress on Nursing Informatics, 2012. 2012: p. 026.

11. Solanas, A., et al., Smart health: A context-aware health paradigm within smart cities. IEEE
Communications Magazine, 2014. 52(8): p. 74-81.

12. Laranjo,  L.,  et  al.,  Do  smartphone  applications  and  activity  trackers  increase  physical
activity in adults? Systematic review, meta-analysis and metaregression. British Journal of
Sports Medicine, 2020: p. bjsports-2020-102892.

13. Sim, I., Mobile Devices and Health. N Engl J Med, 2019. 381(10): p. 956-968.
14. El-Kotob,  R.  and  L.M.  Giangregorio,  Pilot  and  feasibility  studies  in  exercise,  physical

activity, or rehabilitation research. Pilot and Feasibility Studies, 2018. 4(1): p. 137.
15. Teresi, J.A., et al.,  Guidelines for Designing and Evaluating Feasibility Pilot Studies. Med

Care, 2022. 60(1): p. 95-103.
16. Chan, A.-W., et al.,  SPIRIT 2013 Statement: Defining Standard Protocol Items for Clinical

Trials. Annals of Internal Medicine, 2013. 158(3): p. 200-207.
17. Charlson, M.E., et al.,  A new method of classifying prognostic comorbidity in longitudinal

studies: development and validation. J Chronic Dis, 1987. 40(5): p. 373-83.
18. Graham,  B.L.,  et  al.,  Standardization  of  Spirometry  2019  Update.  An  Official  American

Thoracic Society and European Respiratory Society Technical Statement. American Journal
of Respiratory and Critical Care Medicine, 2019. 200(8): p. e70-e88.

19. Orchard,  J.W.,  Prescribing and dosing exercise in primary care. Aust J Gen Pract,  2020.
49(4): p. 182-186.

20. Watz, H., et al.,  An official European Respiratory Society statement on physical activity in
COPD. Eur Respir J, 2014. 44(6): p. 1521-37.

21. Michie,  S.,  et  al.,  The Behavior  Change Technique  Taxonomy (v1)  of  93  Hierarchically
Clustered Techniques: Building an International Consensus for the Reporting of Behavior
Change Interventions. Annals of Behavioral Medicine, 2013. 46(1): p. 81-95.

22. NCCIH, N.C.f.C.a.I.H.  Pilot Studies: Common Uses and Misuses. 2017.2020  [cited 2024
September];  Available  from:  https://www.nccih.nih.gov/grants/pilot-studies-common-uses-
and-misuses. .

23. Sekhon, M., M. Cartwright, and J.J. Francis,  Acceptability of healthcare interventions: an
overview of  reviews  and development  of  a  theoretical  framework. BMC Health  Services
Research, 2017. 17(1): p. 88.

24. Holland, A.E., et al.,  An official European Respiratory Society/American Thoracic Society
technical standard: field walking tests in chronic respiratory disease. Eur Respir J, 2014.

https://preprints.jmir.org/preprint/83783 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Flora et al

44(6): p. 1428-46.
25. Marques, A., et al.,  Enhancing the assessment of cardiorespiratory fitness using field tests.

Physiotherapy, 2020. 109: p. 54-64.
26. American Thoracic Society, ATS Statement: Guidelines for the Six-Minute Walk Test. Am. J.

Respir. Crit. Care Med., 2002. 166(1): p. 111-117.
27. Agarwala, P. and S.H. Salzman, Six-Minute Walk Test: Clinical Role, Technique, Coding, and

Reimbursement. Chest, 2020. 157(3): p. 603-611.
28. Borg,  G.,  Borg's  perceived  exertion  and pain  scales.  1998,  Champaign,  IL,  US:  Human

Kinetics. viii, 104.
29. Doherty, D.E., et al.,  Chronic obstructive pulmonary disease: Consensus recommendations

for early diagnosis and treatment. Journal of Family Practice, 2006. 55: p. S1-S8.
30. Ferreira, P., Development of the Portuguese version of MOS SF-36. Part II --Validation tests.

Acta médica portuguesa, 2000. 13: p. 119-27.
31. Ware, J.E., Jr. and C.D. Sherbourne,  The MOS 36-item short-form health survey (SF-36). I.

Conceptual framework and item selection. Med Care, 1992. 30(6): p. 473-83.
32. Schwarzer, R. and B. Renner, Health-Specific Self-Efficacy Scales. 2009.
33. Vercoulen, J.H., et al.,  Dimensional assessment of chronic fatigue syndrome. J Psychosom

Res, 1994. 38(5): p. 383-92.
34. Bryant  A,  C.K.,  Grounded  theory  research:  methods  and  practices.  Grounded  theory

research: methods and practices., ed. SAGE. 2007, Thousand Oaks.
35. Foley, G. and V. Timonen, Using Grounded Theory Method to Capture and Analyze Health

Care Experiences. Health Serv Res, 2015. 50(4): p. 1195-210.
36. Braun,  V.,  &  Clarke,  V.,  Thematic  analysis.,  in  APA handbook  of  research  methods  in

psychology. Research designs: Quantitative, qualitative, neuropsychological, and biological,
P.M.C.  H.  Cooper,  D.  L.  Long,  A.  T.  Panter,  D.  Rindskopf,  & K.  J.  Sher,  Editor.  2012,
American Psychological Association. p. 57-71.

37. Eldridge, S.M., et al., Defining Feasibility and Pilot Studies in Preparation for Randomised
Controlled  Trials:  Development  of  a  Conceptual  Framework. PLoS One,  2016.  11(3):  p.
e0150205.

38. Bentley,  C.L.,  et  al.,  The Use of  a  Smartphone App and an Activity  Tracker to  Promote
Physical  Activity  in  the  Management  of  Chronic  Obstructive  Pulmonary  Disease:
Randomized Controlled Feasibility Study. JMIR Mhealth Uhealth, 2020. 8(6): p. e16203.

39. Burkow,  T.M.,  et  al.,  Promoting  exercise  training  and  physical  activity  in  daily  life:  a
feasibility study of a virtual group intervention for behaviour change in COPD. BMC Med
Inform Decis Mak, 2018. 18(1): p. 136.

40. Ramachandran,  H.J.,  et  al.,  Barriers  and  facilitators  to  the  adoption  of  digital  health
interventions for COPD management: A scoping review. Heart & Lung, 2023. 59: p. 117-127.

41. Thorpe,  O.,  S.  Kumar,  and K. Johnston,  Barriers to  and enablers  of  physical  activity  in
patients with COPD following a hospital admission: a qualitative study. Int J Chron Obstruct
Pulmon Dis, 2014. 9: p. 115-28.

42. Han, X., et al.,  An Exploration of the Application of Step Counter-Based Physical Activity
Promotion Programs in Patients With Chronic Obstructive Pulmonary Disease: A Systematic
Review. Front Public Health, 2021. 9: p. 691554.

43. Nolan,  C.M.,  et  al.,  Pedometer  Step  Count  Targets  during  Pulmonary  Rehabilitation  in
Chronic Obstructive Pulmonary Disease. A Randomized Controlled Trial. American journal
of respiratory and critical care medicine, 2017. 195(10): p. 1344-1352.

44. Ward, S., et al., Adherence to walking exercise prescription during pulmonary rehabilitation
in COPD with a commercial activity monitor: a feasibility trial. BMC Pulmonary Medicine,
2021. 21(1): p. 30.

45. Thorpe,  O.,  K.  Johnston,  and  S.  Kumar,  Barriers  and  Enablers  to  Physical  Activity

https://preprints.jmir.org/preprint/83783 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Flora et al

Participation  in  Patients  With  COPD:  a  systematic  review. Journal  of  Cardiopulmonary
Rehabilitation and Prevention, 2012. 32(6): p. 359-369.

46. Sönnerfors, P., et al., Preferences for an eHealth tool to support physical activity and exercise
training  in  COPD:  a  qualitative  study  from  the  viewpoint  of  prospective  users. BMC
Pulmonary Medicine, 2023. 23(1): p. 65.

47. Janjua, S., et al., Digital interventions for the management of chronic obstructive pulmonary
disease. Cochrane Database Syst Rev, 2021. 4(4): p. Cd013246.

48. Kosteli, M.C., et al., Barriers and enablers of physical activity engagement for patients with
COPD in primary care. Int J Chron Obstruct Pulmon Dis, 2017. 12: p. 1019-1031.

49. Armstrong,  M.,  et  al.,  Cognitive  behavioural  therapy  combined  with  physical  activity
behavioural modification strategies during pulmonary rehabilitation in patients with COPD.
ERJ Open Research, 2023. 9(5): p. 00074-2023.

50. Hug, S., et al., Interventions with a clear focus on achieving behaviour change are important
for maintaining training-related gains in people with chronic obstructive pulmonary disease:
a systematic review. J Physiother, 2024. 70(3): p. 193-207.

51. Cruz,  J.,  D.  Brooks,  and A.  Marques,  Walk2Bactive:  A randomised controlled  trial  of  a
physical  activity-focused  behavioural  intervention  beyond  pulmonary  rehabilitation  in
chronic obstructive pulmonary disease. Chronic Respiratory Disease, 2016. 13(1): p. 57-66.

52. McCabe, C., M. McCann, and A.M. Brady,  Computer and mobile technology interventions
for self-management in chronic obstructive pulmonary disease. Cochrane Database Syst Rev,
2017. 5(5): p. Cd011425.

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/83783 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript

