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Introduction: Pulmonary rehabilitation (PR) is a key standard treatment for people with chronic obstructive pulmonary disease 
(COPD) with documented effect on symptom relief, improved physical function, and quality of life. However, referral, uptake and 
adherence rates remain low. Pulmonary telerehabilitation (PTR) is a safe and effective alternative to conventional PR. This study 
explores associations, thoughts and attitudes towards PTR in patients with COPD who decline referral to outpatient hospital-based 
routine PR.
Methods: A mixed-methods study with integration of survey data (n=84) and semi-structured interviews (n=9).
Results: We found a significant association between belief of effect of PTR and willingness to participate. Increasing age was 
significantly associated with reduced odds of daily use of central processing unit (CPU) or tablet. One-third of the participants were 
undecided about potential participation in PTR. Qualitative findings highlight that participants perceived participating in PTR as more 
convenient and had preferences for individualized, supervised, and monitored rehabilitation.
Conclusion: Those willing to participate in a PTR program believed in the benefits, were comfortable with technological devices, had 
preferences for exercising at home, and saw opportunities in the social setting. Future PTR programs should include monitoring, 
preferably managed by a familiar health care professional (HCP).
Keywords: COPD, pulmonary rehabilitation, pulmonary telerehabilitation, Theoretical Domains Framework

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by shortness of breath, functional limitations, and 
reduced mental capacity.1 The illness is progressive and a leading cause of morbidity and mortality.2 COPD patients 
experience twice as many hospitalizations as the rest of the population and COPD is the third leading cause of death 
worldwide.2–4

Pulmonary rehabilitation (PR) has a documented effect on reducing dyspnea, and on improving activity levels, 
walking distance, and quality of life (QoL) in people with COPD.5–7 Further, PR reduces hospitalizations.6 PR programs 
are delivered both as hospital- and community-based programs, where patients attend supervised exercise at weekly basis 
to achieve optimal benefits. However, referral to and participation in PR is very low and drop-out rates are high, 
especially in the target population in this study, consisting of patients with severe and very severe COPD. Thus, 55% of 
the patients with severe and very severe COPD, decline participation.8,9 Barriers such as transportation difficulties, 
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distance to the community and hospital settings, lack of physical and mental resources are reported as reasons for not 
attending PR.10,11

To eliminate specifically the transportation barriers, pulmonary rehabilitation can be offered as pulmonary telereh-
abilitation (PTR), which is home-based supervised rehabilitation through an Information and Communication 
Technology solution (ICT) e.g. tablets and smartphones.12 Several studies comparing PR to PTR have found that 
COPD patients attending PTR achieve the same effects on walking capacity, respiratory symptoms, QoL, physical 
capacity, and muscle strength as those attending PR.9,13–15 Only one study which compared supervised PR with home- 
based exercise with weekly telephone follow-up did not find the same improvement in walking capacity.16 Furthermore, 
PTR is a safe alternative to PR and reduces the risk of hospitalization when compared with usual care.17

An Australian survey with patients attending PR found that willingness to participate in PTR was associated with 
regular use of a computer or tablet.11 In addition, the participants who self-rated their technology skills as good were 
significantly younger and had a higher FEV1 than those who were not willing to participate in PTR.11 A qualitative study 
has investigated the patient perspective among patients with COPD who have undergone PTR and found that PTR had 
a positive impact on physical fitness, breathing and mood. Furthermore, the participants valued the flexibility and the 
convenience of the programme.18 These findings, however, do not include the thoughts and perspective of the proportion 
of patients who decline participation in outpatient PR programs, and little is known about the preferences for PTR among 
PR non-attenders. Therefore, the present study focuses specifically on this group. Thoughts, experience, and perspectives 
of PTR in this specific group is key in order to design and deliver PTR to a wider range of patients with COPD, 
particularly if PTR is to be considered as an extended offer specifically to those who live remotely and to those who lack 
energy and resources to join a conventional outpatient PR program. The perspective from the non-attenders can help 
clinicians design individualized flexible rehabilitation programs and potentially promote referral, uptake, adherence, and 
completion rates in PTR programs. The healthcare professionals’ (HCP) perspective towards delivering PTR, including 
barriers and enablers, has been explored in a qualitative study using the Theoretical Domains Framework (TDF).19,20 

Especially attention towards involvement of the HCP in the decision process and sufficient education and skill training is 
essential to support the implementation of PTR in clinical practice.21–23 Lewis et al examined the feasibility of delivering 
PTR to patients with chronic respiratory disease during the COVID-19 pandemic and both healthcare professionals and 
patients found it acceptable and feasible.24

To our knowledge, no previous studies have investigated how patients with COPD who decline PR perceive 
participating in PTR. Therefore, this study aimed to explore associations, thoughts and attitudes towards PTR among 
COPD patients who decline participation in PR and to identify their imagined barriers and enablers towards hypothetical 
participation in PTR.

Materials and Methods
Study Design
This study is a mixed-methods study with a convergent parallel design for the purpose of complementarity, in order to 
develop a broader understanding of the research area. The quantitative and qualitative studies were conducted simulta-
neously, analyzed separately and subsequently merged to address facets of the same phenomenon.25–27

The study was conducted from February 2020 to December 2021. The design included surveys and individual semi-structured 
interviews.

Participants
Participants were recruited after declining participation in PR at two university hospitals in the Capital Region of Denmark.

It was possible to recruit the required number of participants during the time period in between the two major waves 
of the COVID pandemic (2020 and 2021). During this time, there were no COVID restrictions in Denmark; hence, it was 
possible to recruit from an outpatient pool and the participants were able to attend the PR in person.

None of the patients recruited for this study stated COVID-19 as a reason to decline outpatient hospital-based routine PR. All 
participants were adults (>18 years), eligible for outpatient hospital-based routine PR in the Capital Region of Denmark, and had 
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a clinical diagnosis of COPD defined as FEV1/FVC <0.70, FEV1 <55%, Medical Research Council (MRC) ≥2, and had not 
participated in PR within the past 12 months.2

The invitation to this study took place when patients declined participation in the conventional hospital-based PR 
programs when offered during routine consultations and when inclusion and none of the exclusion criteria were 
confirmed by the clinical staff (nurses or physicians). If a patient agreed to participate, a research nurse and physiothera-
pist invited the patient to a physical assessment and completion of patient-reported outcome measures and the purpose- 
designed survey.28

All participants completed a survey about reasons for declining PR and thoughts and attitudes towards participation in 
PTR. First, the participants for the qualitative study were selected based on the survey answers to obtain a heterogeneous 
group, including patients with both positive and negative preferences for physical activity and technology. Second, the 
participants were selected by age and whether they had previous experiences with PR. After finishing the survey, the 
nurse or physiotherapist making the assessments asked whether they wanted to participate in an in-depth interview. Those 
interested were subsequently contacted by telephone by KS to make the final agreement about date and place for 
interviews.

Survey
A purpose-designed survey was developed by the three authors KS (female physical therapist), CE (female nurse) and 
HH (male physical therapist).28 It contained 29 questions grouped in four themes: Knowledge of and reasons for 
declining PR (8 questions); Self-reported physical activity and functioning (6 questions); Knowledge and engagement 
with Information and Communication Technology (ICT) devices (5 questions); Attitudes and thoughts towards telereh-
abilitation (10 questions). The questions within the themes of Knowledge and engagement with Information and 
Communication Technology (ICT) devices and Attitudes and thoughts towards telerehabilitation (10 questions) were 
answered on a 5-point Likert score and included option of a neutral answer.

Telerehabilitation in the context of this study and the purpose-designed survey was defined as follows:

An offer where patients receive guidance in physical activity and exercise as well as information about their lung disease. It 
takes place either through a video connection on a computer, tablet, or smartphone, or by a telephone conversation, or a text 
message with a health professional at the hospital. The participants receive tele-rehabilitation in their own home. It can take 
place one-on-one or in a group with several participants who have a similar lung disease.16 

The survey was pilot tested on five persons beforehand, all of whom were comparable to the eligible participants. Minor 
wording changes were made based on feedback to enhance understanding and comprehension of the questions.

The sample size calculation is based on an overall COPD population in Denmark of approximately 50,000 people 
with severe or very severe COPD. A confidence level of 95% with a margin of error (confidence interval) of 10% was 
chosen and resulted in a sample size of 97 participants.29 We anticipated a response rate of 100% since the survey was 
completed in continuation of a physical examination in which all patients participated (NCT04249388). The patient 
reported questionnaires and purpose-designed surveys were administered to all patients in the same order, and the 
patients filled out the questionnaires in an undisturbed room without interference from the rater. All patients received 
a brief, standardized instruction in how to complete the questionnaire.

Framework
The qualitative study was based on Theoretical Domains Framework (TDF). TDF was developed to simplify and 
integrate behavior change theories into a single framework.20 The framework was developed by an interdisciplinary 
group of health and implementation researchers who found consensus about how 33 theories related to behavior change 
could be categorized into domains, constructs, and labels. The latest validated TDF version from 2012, which was 
applied in this study, consists of 14 domains.19 TDF was beneficial for the purpose of this study as it is developed to 
assess enablers and barriers to implementation.

In this study, we used the framework for developing the interview guide. Furthermore, the results of the interviews 
were interpreted against the framework to identify barriers and enablers towards participation in PTR.
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Interviews
The interview guide was developed by the authors and had a semi-structured design.30 The guide was divided into two 
main themes: Reasons for declining participation in PR, and thoughts and attitudes towards participating in PTR (see 
interview guide in Supplementary Table 1). For each theme, questions were based on the 14 domains of TDF and were 
designed to explore barriers and enablers regarding PR and PTR (see examples of interview questions in Table 1).

The interview guide was pilot tested on a male participant with a positive attitude towards physical activity, who 
confirmed the relevance of the questions, resulting in minor corrections of the interview guide. Recruitment for interview 
continued until triangulation of data ensured sufficient information power.31

In total, seven interviews took place in the participants’ own homes; one was conducted at the hospital and one 
online. The interviews lasted between 26 and 51 minutes with a mean duration of 37 minutes. The interviews were 
primarily conducted by KS with ongoing consensus discussions based on transcriptions or audio files with HH and CE. 
Four out of nine interviews were observed by either HH or CE, who asked supplementary questions during the 
interviews. All audiotaped interviews were transcribed shortly after the interviews by KS using the Express Scribe 
Transcription Software Pro version 9.11.32

Data Generation and Analysis
Data were collected simultaneously from surveys and interviews, analyzed separately and subsequently merged. Topics 
that emerge from the qualitative and quantitative data that supplement and support the same themes are presented under 
the same headings in order to substantiate and strengthen statements. Contradictory findings are presented to show 
different attitudes and thoughts within the same theme.25–27

Analysis of the Survey
Descriptive data are presented as mean ± SD (standard deviation), median (interquartile range (IQR)) or number (%). 
Data for each statement in the purpose-designed survey are expressed as mean ± SD, median (IQR) or number (%).” In 
questions where multiple responses are possible, the sum of percentages may be more than 100%. Multiple logistic 
regression analysis was used to assess the association between the variables for age, gender, educational level, 
comorbidities, and previous PR participation to the frequency in ‘use of technology device’, the ‘belief of benefit in 
pulmonary telerehabilitation analysis’, and ‘self-rated technical skill confidence’. A multinominal logistic regression 
analysis including the variables for age, gender, educational level, comorbidities, previous PR participation, ‘use of 
technology device’, ‘belief of benefit in pulmonary telerehabilitation analysis’ and ‘self-rated technical skill confidence’ 
was used to assess the association of being willing to participate in pulmonary telerehabilitation. Fisher’s exact test was 
used for analyses of categorical data. Data were analyzed using IBM SPSS version 26 (IBM Corp, Armonk, NY, USA) 
and p-values of less than 0.05 were considered statistically significant.

Table 1 Examples of Interviews Questions Related to the Domains in the Theoretical Domains Framework

Theoretical Domains Examples of Interview Questions

Environmental context and resources What would it mean to you if you would be able to participate from home?

Skills What do you think it would take for you to be able to participate in telerehabilitation?

Beliefs about capabilities Do you believe that you would be capable of completing a telerehabilitation program?

Beliefs about consequences What advantages and disadvantages would telerehabilitation have for you?

Reinforcement What could strengthen or maintain your motivation to participate in PTR?
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Analysis of the Interviews
The interviewers were aware of their own preconceptions in the meeting with the participants, which is why 
a hermeneutic approach is used to interpret and analyze the data.33,34

Initially, the transcripts were analyzed with a mainly deductive approach inspired by the thematic analysis to identify 
themes.35–37 The deductive analysis followed the six phases in the thematic analysis and was done iteratively. The 
researchers coded separately and subsequently discussed the coding and categorization process, interpretations, and 
information power. Agreement was found through discussion, nuances in interpretations were accommodated and 
resulted in a more complete analysis.

Thematic analysis:35–37

Phase 1–2: Familiarization of data and coding with a recognizable label referring to TDF domains.
Phase 3–5: Theme development, with a process of clustering codes to identify “higher-level” patterns in main themes 

and subthemes, then reviewing and refinement whether the placement of the codes is consistent with the themes, and last 
naming the themes in reference to what is the main essence of the theme.

Phase 6: Writing up, which involves compiling, developing, and editing analytic writing and choosing data extracts 
from across the dataset.

Merging of Data
The methodological triangulation of data, with a parallel convergent design, meant that completed analyses of both 
quantitative and qualitative data were merged and integrated in the final analysis.

The qualitative data were used to assess the validity of quantitative results and quantitative data helped generate the 
qualitative sample and explained findings from the interviews. The qualitative and quantitative data were weighted as equally 
significant. Sometimes the qualitative findings were essential for the emerged theme and sometimes the quantitative data 
defined the theme substantiated by qualitative interpretations and quotes25,27,38 (Supplementary Table 2).

All three researchers took part in the merging of data, discussing what findings emerged from each method were most 
important. Topics that complimented each other or showed variation were highlighted in the results section.

Ethics
The study was conducted in accordance with the ethical principles of the Helsinki Declaration.39 The Danish Data 
Protection Agency approved the research database (P-2019-730), and the General Data Protection Regulation was 
secured. Because the study was noninterventional, an ethical approval was not necessary according to Danish law.40 

Prior to the survey and interviews, the aim of the study and the participants´ role was explained verbally and in writing. 
The participants who participated in interviews agreed to the interviews being audiotaped with anonymization and 
informed and written consent was obtained from all participants. Informed consent was obtained from all participants 
(survey and interviews) including approval for publication of anonymized responses.

Results
The data consisted of 84 completed surveys and nine individual semi-structured interviews. Eleven participants included 
for physical examination declined to complete the survey subsequently. Thus, we closed the survey collection with 
a response rate of 88% and a margin of error (confidence interval) of 10.7%. On the subsequent telephone call, six 
declined to participate in interviews due to personal circumstances or had regretted participation.

Participant characteristics are shown in Table 2. The participants had severely progressed airflow obstruction, a high 
burden of respiratory symptoms and/or exacerbations, and the majority presented ≥3 comorbidities. Forty percent were 
naïve to PR. The participants’ physical activity level (PAL) measured by steps/day (activePAL accelerometer) was 
classified as sedentary and physically inactive (<5000 steps/day),41 and 60% of the participants had frailty signs indicated 
by a short physical performance battery score of ≤8 points.

The median motivation score was 2 on a numeric rating scale (NRS 0–10), whereas 32% of the participants had 
a motivational NRS score of ≥7 for PTR.
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Table 2 Participants Characteristics

Variables All (N = 84) Survey 
(n = 75)

Survey andInterview 
(n = 9)

Female sex, n (%) 53 (63) 49 (65) 4 (44)

Age, years 70.4 (9.0) 71.0 (8.9) 65.6 (8.8)

Educational level, <10/10–12/≥13 years, (%) 64/20/16 65/20/15 56/22/22

Marital status, n (%)

Married/living with partner 40 (48) 36 (48) 4 (44)
Living alone 44 (52) 39 (52) 5 (56)

Body mass index, kg/m2 25.2 (6.2) 24.8 (6.0) 28.7 (6.8)

FEV1, % predicted 33.8 (11.7) 34.1 (11.5) 32.0 (13.2)

FEV1/ FVC, % 43.6 (11.9) 42.6 (11.9) 42.6 (12.7)

GOLD I/II/III/IV, % 0/4/51/45 0/4/52/44 0/0/44/56

A/B/C/D, % 0/51/4/45 0/51/3/46 0/56/11/33

LTOT, n (%) 12 (14) 10 (13) 2 (22)

SpO2 at rest, % 95.0 (2.3) 95.0 (2.3) 95.3 (2.1)

MRC 1/2/3/4/5, % 0/6/31/38/25 0/7/31/36/27 0/0/33/56/11

Smoking status, n (%)

Never 3 (3) 3 (4) 3 (4)

Former 68 (81) 60 (80) 68 (89)
Current 13 (16) 12 (16) 1 (11)

Pack-year history 42.9 (21.6) 42.9 (21.6) 39.6 (14.4)

BODE index points, median (IQR) 6.0 (4; 7) 6.0 (4; 7) 5.0 (3;7)

Charlson comorbidity index 1/2/≥3, % 16/41/43 16/41/43 11/33/56
Number of comorbidities 1/2/≥3, % 6/30/64 7/39/54 0/11/89

Exacerbations, previous 12-month (median, IQR) 1 (0; 2) 1 (0; 2) 0 (0; 1)

Walking aid, walker/other/none, n 40/3/41 37/3/35 3/0/6

Indoor/outdoor/both, n 4/33/6 4/30/6 0/3/0

SPPB total points, median (IQR) 9.0 (5; 9) 8.0 (5; 10) 9.0 (7; 12)

Balance, seconds 28.0 (24; 30) 28.0 (22; 30) 28.0 (28; 30)
Gait speed, seconds 4.7 (3.4; 6.6) 4.7 (3.4; 6.6) 4.8 (3.1; 5.4)

5STS, seconds 12.0 (9.5; 15.0) 13.9 (10.4; 20.1) 11.1 (7.8; 15.1)
Floor effect 5STS, n (%) 16 (20) 15 (20) 1 (11)

Daily step count, steps, median (IQR) # 2364 (891; 3459) 2362 (891; 3549) 2372 (765; 3020)

CAT, score points 18.6 (6.2) 18.5 (6.1) 19.6 (7.7)

HADS, score points

HADS-Anxiety 5.5 (3.7) 5.5 (3.7) 5.6 (4.6)

HADS-Depression 3.4 (3.1) 3.8 (3.1) 4.3 (4.1)

EQ-5D, VAS score 58.1 (18.4) 56.6 (17.1) 71.7 (24.3)

EQ-5D, index score 0.69 (0.19) 0.69 (0.20) 0.73 (0.14)

(Continued)
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Reasons to Decline Pulmonary Rehabilitation
Survey data regarding reasons for declining PR, knowledge about PR, and recall of the referral situation can be seen in the 
Supplementary Materials (Supplementary Table 3). A statistically significant larger proportion of participants naïve to PR 
stated “not motivated/not relevant” compared to participants with previous PR experience (OR: 3.4 [95% CI: 1.1; 9.9], 
Fisher’s exact test, P=0.03). More participants with previous PR experience stated symptoms from COPD as a reason to 
decline PR. The proportion difference was statistically significant (OR: 5.8 [95% CI: 1.9; 17.5], Fisher’s exact test, P=0.001) 
(Supplementary Table 4). Interview data regarding the same subject are also available in Supplementary Material, presented 
with themes, subthemes, and citations referring to the themes (Supplementary Table 5).

Thoughts and Attitudes Towards Hypothetical Participation in Pulmonary 
Telerehabilitation
In the following, quantitative and qualitative data regarding potential participation in PTR are presented simultaneously 
referring to the same themes and headlines. Some themes and perspectives primarily emerged in the qualitative data and 
some have only been highlighted in the quantitative material. The qualitative themes which were found in the thematic 
analysis are as follows: 1) Convenience of participation and flexibility, 2) Beliefs of capabilities, 3) Willingness to 
participate in PTR and 4) Thoughts on and preferences for content in PTR (Supplementary Table 6). These four themes 
were subsequently merged with the quantitative findings and new themes and subthemes emerged. In the following 
section, mixed results are presented under new headlines in which the quantitative and qualitative results support each 
other (Table 3).

Reinforcement to Participate in Pulmonary Telerehabilitation
A total of 28% agreed or strongly agreed that they would be interested in participating in PTR, whereas 29% and 43% 
were undecided or not interested. Seventy percent agreed or strongly agreed that they would feel safe if initiating PTR at 
home.

Table 2 (Continued). 

Variables All (N = 84) Survey 
(n = 75)

Survey andInterview 
(n = 9)

Pulmonary rehabilitation, naïve/previously, % 38/62 41/59 22/78
Years since previous PR participation, median (IQR) 2016 (2015; 2018) 2016 (2015; 2018) 2017 (2015; 2018)

Use smartphones, n (%)
Daily 63 (75.0) 56 (74.7) 7 (77.8)

Frequently/occasionally 8 (9.6) 8 (10.7) 0 (0.0)

Rarely/never 12 (14.3) 11 (14.6) 1 (11.1)
Missing 1 (1.2) 0 (0.0) 1 (1.2)

Use tablet or computer, n (%)
Daily 59 (70.2) 52 (69.3) 7 (77.8)

Frequently/occasionally 12 (14.3) 11 (14.7) 1 (11.1)

Rarely/never 12 (14.3) 12 (16.0) 0 (0.0)
Missing 1 (1.2) 0 (0.0) 1 (11.1)

Numbers of social media used, 0/1/2/≥3, % 45/40/11/4 48/38/12/2 22/67/0/11

Motivation for pulmonary tele rehabilitation (0–10), median (IQR) 2 (0–8) 2 (0–8) 3 (2–10)

Notes: Data are presented as mean (SD) except where otherwise indicated. Between group difference not tested. # activePAL™ triaxial accelerometer worn 
24 hours per day for five days by in total 61 patients (survey/survey and interview: 52/9). 
Abbreviations: FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; GOLD, Global initiative for Chronic Obstructive Lung Disease; 
A/B/C/D, risk stratification; LTOT, long-term oxygen therapy; SpO2, arterial oxygen saturation as measured by pulse oximetry; MRC, Medical Research 
Council; BODE index, body mass index, airflow obstruction, dyspnea, and exercise capacity; SPPB, short physical performance battery; 5 STS, time to five sit- 
to-stand; CAT, COPD Assessment Test; HADS, Hospital Anxiety and Depression Score; EQ-5D, Euro-Qol 5-dimension.
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In the multinomial regression model (Table 4), believing in the benefit from a PTR program was significantly associated 
with being willing to participate in PTR (OR: 12.69 [95% CI: 3.02; 53.22], p=0.0005) compared to the group not willing to 
participate in PTR. Daily use of tablet/CPU (Central Processing Unit) and smartphone was also strongly associated to 
willingness for PTR. There was no significant association related to the group of undecided patients’ willingness compared to 
those not interested. The model accounted for 39% (Nagelkerke R-square) of the variance in determining the odds of 
willingness to participate in PTR. A smaller proportion of those unwilling (73%) to participate in PTR compared to those 
interested in PTR (100%) used smartphones (p=0.043), Similar, a larger proportion (61% vs 31%) did not use a social media 
in those unwilling to PTR compared to those interested in PTR (p=0.006) (Supplementary Table 7).

The qualitative interviews highlight some of the factors which reinforce the participants’ willingness to participate in 
PTR, such as group vs individual setting and the perception of the screen.

Social Influences 
Participants with positive preferences for PR found it beneficial that PTR takes place in groups and appeared optimistic 

Table 3 Merged Data – Themes

Merged Data – Themes

1. Reinforcement to participate in pulmonary telerehabilitation

2. Belief of capabilities and benefits in pulmonary telerehabilitation

3. The screen as a protector or a barrier

4. Convenience of participation and flexibility

5. Thoughts on and preferences for content in PTR

Table 4 Multinominal Logistic Regression

Willingness to Participate in Pulmonary Telerehabilitationa

Strongly Agree/Agree (n=23) Undecided (n=24)
OR (95% CI) OR (95% CI)

Age 1.01 (0.92; 1.10) 0.93 (0.87; 1.00)

Gender (ref: female) 1.48 (0.38; 5.88) 0.51 (0.13; 1.96)

Marital status (ref: alone) 1.09 (0.28; 4.29) 1,22 (0.34; 4.29)

Education (ref: >12 years) 0.55 (0.09; 3.25) 2.89 (0.39; 21.43)

Comorbidities 0.72 (0.39; 1.32) 0.80 (0.47; 1.38)

Experience with PR (ref: no) 1.22 (0.28; 5.24) 2.31 (0.62; 8.56)

Daily user of two devices 2.94 (0.36; 23.70) 0.77 (0.14; 4.08)

Daily user of one device 0.66 (0.05; 8.96) 1.54 (0.27; 8.90)

Good self-rated technical capabilityb 1.12 (0.21; 6.17) 0.62 (0.15; 2.63)

Believe pulmonary telerehabilitation is beneficialb 12.62 (3.01; 53.04)* 0.95 (0.26; 3.54)

Notes: Statistically significant denoted *p<0.05 (n=36). aReference group (disagree, strongly disagree). bReference group (undecided, disagree, 
strongly disagree).
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about participation. They could see themselves sharing experiences about living with COPD – but were all doubtful 
whether it would be possible to achieve a close relationship over the screen.

No, I do not think it would be the same, I can´t imagine. But if we had a connection then you could perhaps invite and say: 
‘Come over to my place – then vi can talk’. (woman #5, 70 years, PR naïve) 

The participants did not expect the social needs to be met to the same extent via screen. However, the participants found 
that the content presented via virtual media may be as binding as attending in person. In addition, some could see 
themselves taking active part in the group, whereas others preferred to be passive members.

No, no, I could sit and talk with people, but if I sit in a group and someone asks me a question – I wouldn´t like that. (woman 
#2, 79 years, previously participated in PR). 

Belief of Capabilities and Benefits in Pulmonary Telerehabilitation
A proportion of 42% (n=35) agreed or strongly agreed that PTR would be equally beneficial compared to outpatient 
hospital-based PR. Thirty-nine percent agreed or strongly agreed that they would benefit from participation. Neither 
gender, age, length of education, number of comorbidities nor previous PR participation was significantly associated to 
the belief of benefit in a PTR intervention (Table 5).

The interviews highlighted that the participants’ beliefs about their capabilities and the consequences of PTR affect 
their attitudes towards telerehabilitation.

They had all experienced a decreased functional capacity over several years and appeared skeptical and pessimistic 
about new initiatives. This made the belief of positive effects difficult, but they still hoped for some improvements.

It has only been going one way (shows with the hands that it has declined). As I say to you, I hope it can remove some of my 
difficulties – and I have many. (man #2, 61 years, previously participated in PR) 

The participants were aware of their own physical ability and were honest about their immediate expectations.

…I was down to 26% lung function…you can only concentrate on surviving until the next day. In that period, I couldn´t find the 
energy. I don´t think I would benefit from participating. (woman #1, 70 years, previously participated in PR) 

Furthermore, it was important to the participants that their individual capabilities are matched in PTR, referring to both 
extent and demands for participation and technological skills.

Table 5 Multiple Logistic Regression

Daily User of 
Smartphonea 

(n=63)

Daily User of Tablet or 
Computera 

(n=59)

Believe Pulmonary 
Telerehabilitation is 
Beneficialb (n=25)

Good Self-Rated 
Technical Capabilityb 

(n=58)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age 0.97 (0.91; 1.03) 0.89 (0.83; 0.96)* 1.01 (0.96; 1.06) 0.92 (0.86; 0.98)*

Gender (ref: female) 1.68 (0.57; 4.91) 2.76 (0.76; 9.98) 0.59 (0.23; 1.52) 1.23 (0.42; 3.61)

Education (ref: >12 years) 0.15 (0.03; 1.36) 0.67 (0.12; 3.76) 1.45 (0.38; 5.51) 1.48 (0.34; 6.43)

Comorbidities 1.00 (0.63; 1.59) 1.15 (0.66; 2.01) 1.11 (0.73; 1.70) 1.30 (0.78; 2.16)

Experience with PR 

(ref: no)

1.10 (0.37; 3.30) 1.66 (0.46; 5.92) 1.94 (0.72; 5.22) 0.40 (0.12; 1.33)

Notes: Statistically significant denoted *p<0.05. aReference group (frequent, occasionally, rare, and never users) (n= 20/24). bReference group (undecided, disagree, strongly 
disagree) (n= 48/25).
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Physical Challenges in Relation to Co-Morbidities 
Just as participation in PR was hindered by comorbidities, some participants perceived their poor health to be a barrier to 
participation in PTR.

I´ve been a bit scared of certain things. I do not want to experience any more defeats. For example, I have not been riding 
a bicycle all year and almost not last year either. Because I fear that I´m not able to, and then I don´t want to try at all. (man #2, 
61 years, previously participated in PR) 

The fear of another defeat, when the body fails again, strengthened this participant in his doubt about whether PTR would 
match his needs. In addition, some described themselves as forgetful and had difficulties learning new things. The 
obligation to something new and unknown seemed frightening.

Beliefs of Capabilities Regarding Technical Skills 
A majority of the survey respondents were daily users of a computer or tablet and smartphone, and more than 50% used 
the social media Facebook (Table 2). In the multiple logistic regression model, an increase of age was significantly 
associated with reduced odds of daily use of a CPU or tablet (OR: 0.89 [95% CI: 0.83; 0.96], p=0.003), while age was 
not associated with daily use of a smartphone (Table 5).

More than two-thirds (69%, n= 58) agreed or strongly agreed that they had the technical capability to participate 
in PTR. In the multiple logistic regression model (Table 5), an increase in age was significantly associated with 
reduced odds of the individual believing in one’s own technical abilities (OR: 0.92 [95% CI: 0.86; 0.98], p=0.007).

Most of the interview participants felt confident using technologies, were curious, and could recognize the potential in 
the use of technology, which reinforced their potential participation in PTR. It applied to participants in all ages and of 
both genders. However, one participant (83 years) had a very strong dislike against all technologies.

I´m not even going to start dealing with something like that. You know what, something like that with electronics and numbers. 
I simply can´t. I have never been able to. (woman #3, 80 years, previously participated in PR) 

Some participants believed that technologies are necessary to be in contact with the outside world. But not all preferred 
this way of communication even though they felt confident using the technology.

Sometimes I´m talking with friends from Thailand over the screen.… It’s not optimal, so I might as well call them on the phone 
(man #2, 61 years, previously participated in PR) 

The participants drew on earlier experiences with technologies when reflecting about possible participation in PTR. Some 
only had experiences with communication through screen not being guided to exercise training. Most participants did 
not know anything about PTR, and a short introduction did not seem to change their immediate assumptions.

I have seen some of it on the internet, but it wouldn´t work for me. (man #2, 61 years, previously participated in PR) 

The Screen as a Protector or a Barrier
The screen was in general perceived as a barrier, but at the same time some of the patients described that they felt safe 
behind the screen. This perception was expressed as the screen having an enabling effect because of the physical and 
mental distance.

But it´s like when someone is sitting there (pointing on the dining room chair), I feel a certain pressure. That (pointing on the 
TV) on the other hand, I would not feel. It´s sounds crazy, I know. (woman #2, 79 years, previously participated in PR) 

The participant perceived the screen as a shield that protected her against the pressure that she felt when a therapist was 
present, which strengthened her positive beliefs of PTR.

The skeptics believed that the screen would impede the interaction between people. They worried that the technical 
equipment would not work, which could affect communication negatively. They also believed that the distance between 
participants would reduce the positive results of PTR.
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Feeling Supported and Looked After 
The participants expressed a need to be supported in their exercises, and they wanted to be able to seek professional help 
with questions concerning their illness. They believed that they would feel encouraged to participate if they had 
scheduled appointments and knew that they would be supported.

So, no matter how serious it is, you will always laugh with her (referring to the nurse she talks to through a screen). It makes me 
feel safe, and I also know that others feel safe, because you always have someone to back you up. (woman #1, 70 years, 
previously participated in PR) 

An alliance was created between the nurse and the participant, which strengthened the connection and commitment. The 
participants emphasized the importance of PTR being a forum where concerns could be addressed with relevant HCPs.

The survey also highlighted the participants’ immediate thoughts about whether participation in PTR at home would 
be safe or not. A majority of 70% agreed PTR performed in their own home would be safe, and only 6% disagreed or 
strongly disagreed.

Convenience of Participation and Flexibility
A proportion of 49% agreed that PTR would make it easier to participate in rehabilitation (compared to PR), 19% 
disagreed, while 32% were undecided. A majority of 80% agreed that PTR would be time saving and more flexible 
compared to outpatient PR in hospital and community settings.

In the interviews, the participants reflected on the convenience of exercising at home, and how tele-rehabilitation 
would affect their daily living.

Environmental Context 
For some participants, rehabilitation in their own home would be attractive. They presumed that it would give them more 
energy if they should not be concerned about the transportation to and from the hospital. On the contrary, some 
participants imagined that too many disturbing elements in the home would hinder them from focusing on the screen.

I don´t know, I have no interest in it. I´m not going to stand in front of that (pointing on the television), it´s not going to work for 
me. Then you have to pee and then you want a cup of coffee – there will always be something that disturbs you. (man #2, 61 
years, previously participated in PR) 

Common to all participants was that the context must appeal to physical activity, and the HCPs must accommodate and 
support these beliefs to facilitate to participation in PTR.

PTR´s Impact on Daily Living 
If the participants found exercising important, they seemed more willing to prioritize participation in PTR over daily 
chores and appeared more positive about making changes in the home.

My life is more important than dust and vacuuming. Well dear, no one will clean for you. Whether it´s going to be today or 
tomorrow, or the day after that, it doesn´t matter. I´m ready, it´s my life. (woman #4, 57 years, PR naïve) 

A positive attitude and a strong belief in the effect of PTR was reinforced by the easy accessibility. If the participant doubted 
the effect, the consequences of making changes in the home would be too big and it could potentially lead to drop-out.

Thoughts on and Preferences for Content in PTR
A proportion of 40% preferred to exercise in groups (supervised) and only 28% preferred exercising alone without 
supervision. The most preferred content was physiological measurements which the participants were familiar with qua 
their control visits at the hospital (Figure 1).

The survey data on thoughts on the content of PTR were elaborated further in the interviews.

Extent of PTR (Time, Duration) 
The participants were asked to what extent they saw themselves able to participate in PTR. Earlier experiences with 
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exercise training, how much interruption in daily life they would accept, and what they saw themselves able to manage 
physically were important elements in the decision-making.

I think if you want to benefit from the exercises, you ought to participate at least twice a week, perhaps 3 times. How it could fit 
into my life, I don´t know, and how to find the energy, that I can´t figure out either. (woman #4, 57 years, PR naïve) 

The participants responded from what is common knowledge about physical activity and what they knew from other 
contexts. The skepticism is interpreted as a doubt as to whether they can master what is expected from them.

Oral or Written Communication 
According to the participants, PTR should include both conversations about specific topics related to COPD and physical 
activity. But the participant expressed that it must be separated, otherwise it would remove focus from the exercises. 
Several participants expressed concerns about the content of the conversation during PTR. Since the entire group are 
listening, they would prefer if the conversation did not get too personal.

Yes, we can talk, but if it takes too much time, and we all must sit for 20 minutes and talk about our lives, then it won’t make 
any sense. (man #1, 64 years, previously participated in PR) 

The participants with previous experience with telemedicine saw advantages in the online written communication with an 
HCP. Being able to ask questions related to their COPD and cancel an appointment would promote participation.
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Figure 1 Preferred content for pulmonary telerehabilitation.
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It seemed important that the group would be homogeneous and that the individuals would have the same approach to 
e.g., life, technological skills, or similar functional level. Otherwise, it could be a barrier to participation.

It must be someone who is at the same level as me, not in terms of technological skills, but has the same lung function as me. 
Otherwise, it would not work for me. (woman #1, 70 years, previously participated in PR) 

Discussion
In this study we explored thoughts and attitudes and identified perceived barriers and enablers towards participating in 
pulmonary telerehabilitation among patients with severely progressed COPD who declined referral to an outpatient 
hospital-based routine pulmonary rehabilitation program.

The main part of the participants had a low motivation or was undecided for participation in PTR which is supported 
by the qualitative findings. Their reserved thoughts and attitudes towards PTR are even more important to highlight in 
order to accommodate these barriers in future designs of PTR. We found a significant association between belief of effect 
of PTR and willingness to participate. Also, an increase of age was significantly associated with reduced odds of daily 
use of CPU or tablet. Most participants perceived participating in PTR convenient, due to easier access and minimal 
interruption of daily living, and had preferences for individualized, supervised and monitored rehabilitation. Thus, the 
individual’s preferences must be met in relation to preferences for physical activity, positive as well as negative attitudes, 
and social influences. Not being able to see themselves in the setting, hospital or exercising at home, may be a barrier for 
referral and participation. A novel aspect of this study was that PTR is considered just as binding as PR as long as it is 
supervised and there is a sense of social community.

To our knowledge, this is the first study to investigate thoughts and beliefs of PTR among patients with COPD who 
decline enrolment in conventional outpatient PR. In line with previous qualitative studies concerning COPD patients, the 
qualitative results from our study found that the patients request individualized rehabilitation protocols.42 Conversely, 
HCP and patients have different opinions about the context in which PTR is implemented. A majority of the participants 
agreed that PTR performed in their own home would be safe, which is in contrast to study findings among HCPs for 
whom safety and communication are central themes of concern.21

The included participants have different opinions about PTR. A few see technology as a barrier because they do 
not have the skills, for others technology is not appealing, whereas half of the participants believe that the technology 
enables participation because of its flexibility and easy access. The perception and acceptance may change over time as 
generations become more digitalized (digital natives), and the platforms continuously develop.

The strong association of daily use of tablet/CPU and smartphone and willingness to participate in PTR is consistent 
with the results from an Australian study by Seidman et al investigating technology engagement in patients participating 
in an outpatient PR program.11 Seidman and colleagues found a significant association between self-rated computer/ 
technology skills and age <70 years and that a proportion of 40% were willing to use PTR.11 In our study, only 28% 
agreed or strongly agreed that they would be interested in participating in PTR. The association between self-rated skills 
and belief of effect and willingness to participate in PTR can be explained using the TDF where belief of capability and 
inherent skills are interpreted as enablers towards successful implementation of a health intervention.19,20 Another 
Australian study by Tsai et al evaluated satisfaction and experiences of an 8-week supervised PTR program.13 

Participants reported that PTR is convenient, saves costs and is more flexible compared to physical attendance. 
Besides the important difference investigating people with and without capabilities to participate in and outpatient PR 
program, Australia and Denmark are geographically incomparable in terms of distance to the rehabilitation centers, 
which could be another plausible explanation for the different interest and willingness towards PTR.

Both the qualitative and quantitative data reveal that one-third of the group remain undecided about participation in 
PTR or have difficulty imagining the potential benefits. The qualitative statements reveal that not everyone has been able 
to form an opinion only based on a brief description of PTR. Thus, their immediate thoughts are affected by lack of 
knowledge. New models must be designed and tested with the aim to promote knowledge and understanding about the 
beneficial effects of PTR, ensuring that patients make decisions about participation on an informed basis.
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Little is known on what overturns a patient’s decision from pro to con and vice versa in a referral situation to a PR 
program. Obviously, knowledge of methods and information to promote PTR is essential to increase referral and uptake 
for PTR programs and increase the overall utilization of PR programs.43,44

In addition, the COVID-19 period might have changed our digital behavior and the perspective on PTR, as 
communication through screen has been integrated into our way of communicating with the outside world and to 
maintain social contact. We might see new opportunities in delivering and receiving healthcare through a digital solution.

A study by Reicher et al has examined attitudes towards telemedicine during COVID-19 lockdown and willingness to 
use such services in the future.45 A majority stated they would continue using telemedicine in the future. Participants 
with chronic conditions were more likely to use these services, and specific attention should be directed to their needs. 
Preferences for visiting the clinic were negatively correlated with willingness to use telemedicine in the future.45 Polgar 
et al examined digital literacy amongst to cohorts of patients with COPD, just before the COVID-19 pandemic in 2020 
and during the pandemic in 2021 and found that digital literacy was better among the 2021 cohort, but despite this no 
difference was seen in the proportion of patients choosing PTR.46 A qualitative study of provider’s shift to telerehabil-
itation during COVID-19 suggests that while telerehabilitation may not be appropriate in all patients, future healthcare 
interventions should be designed as a hybrid system of using both telerehabilitation and in-person visits as a way to 
advance the rehabilitation care continuum.47

Participants who decline PR are scarcely researched and their thoughts and attitudes towards PTR have not previously 
been explored, although PTR is intended for this group of patients. This study brings insights into barriers and enablers 
towards participation in PTR and provides suggestions for how HCP can meet the patients’ individual needs.

PTR is a relevant and attractive alternative to PR, in patients who are convinced of beneficial effect from a PTR 
program, see opportunities in exercising at home, have high self-rated technological skills, and when PTR includes the 
possibility of monitoring and a continuous dialogue with HCPs. Thus, PTR is not one solution only, and not suitable for 
all patients.

This study emphasizes that PTR should include disease monitoring, which is supported by a previous study.48 This is 
interpreted as a need that is otherwise met by the patients’ hospital visits with physical attendance. Interview participants 
expressed that close contact to an HCP with monitoring of their COPD provides a feeling of not being alone with the disease. 
The screen is perceived as both a barrier and a protector, the latter resulting in a feeling of being supported and looked after. 
These statements may positively affect coping strategies and commitment to PTR. Consistent with our findings, a study by 
Emme et al suggests that there is no difference between self-efficacy in COPD patients undergoing virtual admission, 
compared to conventional hospital admission49 and accordingly, communication by screen can be perceived as safe and 
equally supportive. Slevin et al explored the patient perspective on the potential benefits of digital health technology (DHT) 
for management of COPD. The study emphasized that DHT could enable the patients’ symptom management. Furthermore, 
interaction with the HCP could facilitate a personalized care.50 Both results substantiate our findings.

Nearly half of the participants believed that PR and PTR are equally beneficial, but PTR is considered to ease access, 
be more flexible and time saving compared to an outpatient PR program in hospital and community settings. Our findings 
are similar to those in a study by Shanmugasegaram et al, who explored barriers to home-based cardiac rehabilitation 
(CR) compared with an outpatient program. The study found that patients who perceived transport or distance to the 
rehabilitation center as a barrier had increased attendance and adherence rates if they were allocated to home-based CR. 
These patients were engaging in significantly more exercise 1-year post-hospitalization than their site-based counterparts. 
This is a group comparable to patients with COPD, and it is reasonable to assume that perceived barriers to rehabilitation 
are comparable.51

The qualitative data from our study have highlighted the importance of social influences in terms of support from 
HCP and preferences for group-based interventions. If the social needs are not fully met, it could lead to lack of 
engagement or motivation. Conversely, the social community facilitates motivation, maintains participation, and pro-
motes commitment. A qualitative study from 2021, which has explored the commitment to CR, finds that the patient´s 
commitment increases when maintaining contact with the treatment team.52 The maintaining commitment is associated 
with positive consequences such as treatment adherence and the formation of healthy behaviors.
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Strengths and Limitations
The strength of this study was the triangulation of quantitative and qualitative data with the latter methodology allowing 
a greater depth of detail to emerge thoughts and attitudes towards potential participation in telerehabilitation, triangulated 
with a sufficient sample of survey respondents allowing more generalized findings.53,54

Ongoing consensus and dialogue in the research group concerning diversity of findings, seen from an exploratory 
approach, ensured that the study achieved sufficient information power, which enabled us to conduct a trustworthy 
thematic analysis and answer the research questions. The integration of two methods brings insights in to details which 
are otherwise not possible to obtain by using only one method.54 The interviews unfold details of the phenomenon and 
survey data can support the extent of the phenomenon. This way our study findings can be representative and general-
izable to a larger population and in other settings.46

All patients declining PR were asked to participate to avoid selection bias. However, the inclusion of participants who 
declined PR but accepted participation in surveys and interviews is a selected group and might not reflect the thoughts 
and attitudes of the patients who also decline participation in research. However, the thoughts and attitudes of the 
interview participants were very diverse, why this might not have influenced the results of this study in any specific 
direction.

Implications for Clinical Practice
This study provides new insight into how patients with severe and very severe COPD think about potential participation 
in telerehabilitation as an alternative to conventional outpatient hospital-based PR.

This study focused on exploring thoughts and attitudes towards PTR among COPD patients who decline participation 
in hospital-based PR. Some of the findings of this study may be transferable to a community-based setting, but further 
research is needed.

The referral situation seems crucial for whether the patients believe they will benefit from the intervention they are 
offered (PR or PTR). In addition, non-specific factors, such as contact with a well-known and trusted HCP must be 
considered.

In order to make an informed decision about rehabilitation, the participants need information about content in PTR, 
and how their personal preferences are met. Finally, all clinicians should identify barriers, enablers, and preferences in 
any PR referral conversation as they might change over time.

Conclusion
Most participants were not motivated for participation in pulmonary telerehabilitation. Those most willing to participate 
believed in the benefit of pulmonary telerehabilitation, were comfortable with technological devices, had preferences for 
exercising at home, and saw opportunities in the social setting. Participants unable to attend an outpatient rehabilitation 
program were frequent users of smartphones, tablets, and Central Processing Units. However, one-third were undecided 
about potential participation in a pulmonary telerehabilitation program, why their needs and attitudes must be further 
elaborated. Healthcare professionals must be educated to identify barriers and enablers, create interest for pulmonary 
telerehabilitation programs and communicate in an understandable and equal manner.

The participants requested future pulmonary telerehabilitation programs to include monitoring, preferably managed 
by a familiar healthcare professional. Furthermore, the study emphasizes that the healthcare professionals should pay 
attention to the patients´ preferences for physical activity and social commitment. In addition, knowledge about patients’ 
belief in their own physical and technological capabilities and thoughts of possible effect may be helpful in assisting the 
patients in choosing the most suitable rehabilitation program.
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