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Purpose: Pulmonary rehabilitation (PR) is vital in the management of chronic respiratory disorders (CRDs) although uptake, 
attendance and completion are poor. Differing models of delivering PR are emerging in an attempt to increase the uptake and 
completion of this intervention. This study aimed to evaluate participant rate of attendance and completion of PR when given 
a preference regarding model of delivery (centre-based and mPR). Secondary aims were to evaluate the factors affecting patient 
preference for model of delivery and determine whether mPR is non-inferior to centre-based PR in health outcomes.
Methods: A multi-centre non-inferiority preference based clinical trial in Auckland, New Zealand. Participants with a CRD referred for 
PR were offered the choice of centre-based or mHealth PR (mPR). The primary outcome was completion rate of chosen intervention.
Results: A total of 105 participants were recruited to the study with 67 (64%) preferring centre-based and 38 (36%) mPR. The odds of 
completing the PR programme were higher in the centre-based group compared to mPR (odds ratio 1.90 95% CI [0.83–4.35]). Participants 
opting for mPR were significantly younger (p = 0.002) and significantly more likely to be working (p = 0.0001). Results showed that mPR was 
not inferior to centre-based regarding changes in symptom scores (CAT) or time spent in sedentary behaviour (SBQ). When services were 
forced to transition to telehealth services during COVID-19 restrictions, the attendance and completion rates were higher with telephone calls 
and video conferencing compared to mPR – suggesting that synchronous interpersonal interactions with clinicians may facilitate the best 
attendance and completion rates.
Conclusion: When offered the choice of PR delivery method, the majority of participants preferred centre-based PR and this 
facilitated the best completion rates. mPR was the preferred choice for younger, working participants suggesting that mPR may offer 
a viable alternative to centre-based PR for some participants, especially younger, employed participants.
Keywords: chronic respiratory disorder, mHealth, preference, pulmonary rehabilitation, telehealth, telerehabilitation

Plain Language Summary
When offered the choice of centre-based or mPR, 2/3 of participants opted for centre-based PR. Those who preferred mPR were 
younger, working participants which may have the potential to increase the reach of PR for these groups. Data analysis showed the 
likelihood of completing PR was nearly twice as high if participants were enrolled in centre-based compared to mPR.

Introduction
Chronic respiratory disorders (CRDs) contribute 7% of the global burden of disease and are the third leading cause of 
death worldwide.1 People with CRD experience considerable symptom burden including shortness of breath, fatigue, and 

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 1419–1429               1419
© 2023 Candy et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 3 March 2023
Accepted: 3 July 2023
Published: 12 July 2023

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ o
n 

19
-J

ul
-2

02
3

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-2393-5979
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


reduced health-related quality of life (HRQoL). Pulmonary rehabilitation (PR) is an evidence-based, key intervention in 
the management of people with CRD, and includes a structured programme of exercise and self-management education.2 

It is usually delivered in group sessions twice weekly over eight-weeks.3 Systematic reviews of PR have demonstrated 
reductions in breathlessness, reduced hospital admissions for acute exacerbations and improved HRQoL.4,5 Clinical 
guidelines strongly recommend referral to PR for all patients with COPD with increasing evidence supporting PR for 
other CRDs.6,7 Despite this, up to 50% of people referred do not attend and 10–32% fail to complete PR.8 Known 
barriers to attendance and completion include travel distance, transport, illness, and lack of perceived benefit.8

Mobile health (mHealth), the delivery of healthcare interventions through mobile devices (phones, tablets and 
computers), is increasingly considered an option to support the management of chronic health conditions.9,10 

A mHealth PR programme (mPR) was developed in 2019 for use in Aotearoa New Zealand (NZ) context by our team 
of public health and mHealth experts, physiotherapists, respiratory physicians, psychologists, respiratory nurse specia
lists, cultural experts, and ongoing input from end users.11,12 The feasibility of this programme has been demonstrated for 
people living with CRD in NZ.12

Patients have preferences for how they receive rehabilitation programmes;13,14 however, an important limitation in PR 
clinical trials to date is that they do not account for patient preferences for mode of delivery13–16. Several home-based 
trials of PR have reported low uptake due to participant’s preference for centre-based PR.13–16 The primary aim of this 
study was to evaluate attendance and completion rates when PR was delivered via two different delivery models (centre- 
based and mPR). Secondary aims were to evaluate patient preferences for model of delivery and to determine if mPR 
could achieve improvements in clinical outcomes that were not inferior to centre-based PR when patients chose mPR as 
their preferred mode of delivery.

Methods
Study Design
A parallel non-randomised preference-based non-inferiority clinical trial was conducted at three tertiary hospitals in 
Auckland, NZ from June to November 2021. The trial was registered with the Australian New Zealand Clinical Trials 
Registry (ACTRN12621000365864p) and received ethical approval from the Health and Disability Ethics Committee 
(21/NTB/54) and met the principles of the Declaration of Helsinki. The CONSORT checklist for pragmatic trials can be 
found in Supplemental File 1.

Participants
Patients who attended PR clinics at the participating hospitals were invited to take part in the study. Eligibility criteria 
were age ≥18 years, physician diagnosed CRD and able to read and understand English. Participants should not have 
completed PR within the last year. The mPR group required access to a standard mobile phone capable, at minimum, of 
sending and receiving SMS.

Procedures
At the initial PR appointment, the study was explained, and choices of delivery described. If participants gave written 
consent, they were offered the choice of intervention delivery model. Baseline assessment was then completed by 
a clinician blinded to patient preference. Post intervention assessments were completed by the attending PR team who 
were not blinded to group allocation.

Interventions
All participants in both groups attended a standard centre-based PR assessment based on best practice guidelines,3 which 
included a measure of exercise capacity (six-minute walk test), HRQoL (EQ5D), symptom score (CAT tool) and 
dyspnoea score (mMRC). All participants received an eight-week PR programme, consisting of exercise, education, 
and behaviour change interventions. The exercise programme was prescribed based on assessment findings and included 
aerobic, resistance and balance exercises. Participants were informed they were to exercise five times per week regardless 
of group allocation.
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Centre-Based PR
This followed best practice guidelines which was standard care at all study sites.3 Participants received face-to-face 
group exercises twice a week supervised by a senior PR physiotherapist, and self-management education delivered by 
a member of the team. Participants were given a home-based exercise programme to complete on a further three days per 
week. Further intervention details are described in the TIDieR checklist - Supplemental Information 2.

Mobile Pulmonary Rehabilitation (mPR)
mPR was based on standard PR programmes and met best practice guidelines,3 including a patient-tailored intervention 
based on assessment findings. The multicomponent intervention was delivered to participants through text messages 
(SMS) with an optional web-based app and wearable sensor (Fitbit or Withings). Participants were also provided with 
a paper manual which included detailed instructions on how to safely complete each of the prescribed exercises. The 
exercise component of the programme was scheduled for five days per week for the 8-week intervention and was 
progressed with weekly increases in duration of aerobic exercises and numbers of repetitions of resistance exercises (see 
Supplemental File 2).

Impact of COVID-19 Restrictions
During the study, national lockdown restrictions were imposed due to the COVID-19 pandemic and centre-based services 
and face-to-face research and recruitment were required to cease. All participants allocated to the mPR arm of the study 
continued as per protocol and the following protocol change was implemented for those in the centre-based PR arm. All 
participants in the centre-based group during the onset of restrictions were offered alternative home-based options which 
comprised: either weekly telephone calls or twice weekly video-conference classes. All interventions were scheduled, 
clinician delivered and synchronous, to reproduce being as close to centre-based PR as possible. All participants in 
centre-based group attended a minimum of one in-person session prior to COVID-19 restrictions. These interventions 
continued until participants had completed their 8-week PR programme. See CONSORT checklist for COVID affected 
trials -Supplemental File 3.17

Outcomes
Consistent with similar studies,18 attendance was recorded as a percentage of the number of sessions offered and 
completion was defined as attendance ≥70%.

● For the centre-based PR group this was initially two sessions per week. However, modifications due to COVID-19 
meant some participants received scheduled weekly telephone calls or twice weekly videoconferencing from their 
PR clinician.

● For the mPR group, a proxy measure of attendance was used based on participants replying to two SMS per week. 
The first asked how many times participants had completed their programme and the second if participants were 
ready to progress their exercise programme. This measure of attendance was chosen as it was deemed achievable 
for all participants regardless of device used and involved minimal participant burden.

Secondary outcomes were patient preference (centre-based or mPR), engagement with mPR (measured using system 
recorded data, eg app page views, SMS sent/received) and clinical outcomes: HRQoL (EQ5D-VAS),19 symptom score 
(COPD assessment tool (CAT)),20 dyspnoea (Modified Medical Research Scale (mMRC))21 and time in sedentary 
activities (sedentary behaviour questionnaire (SBQ)).

Statistical Analysis
A two-sample proportion test for non-inferiority was used to determine the required sample size to detect a difference 
between the attendance and completion at centre-based and mPR. We used a completion rate of 60% for the centre-based 
group based on previous research findings.22 Calculations were based on a non-inferiority margin of 30% between the 
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groups. Using a statistical power of 80% the two-sample proportion test determined 50 participants would be required in 
the smallest group.

The non-inferiority null hypothesis in terms of Odds ratio was: Odds of completion in centre-based PR/Odds of 
completion in mPR ≥3.5 (equivalent to Cohen's d=0.5).23

Data were analysed using IBM SPSS Statistics (Version 26) and R environment for statistical computing24. All 
participants were included in an intention to treat analysis regardless of number of sessions attended. As the proportion of 
missing values was <5% no imputations were used for missing data. Between-group comparisons were analysed with 
independent sample t-tests and chi-square tests. In the primary model used to evaluate odds ratios, logistic regression was 
used with the dependent variable of “group”. The secondary model to detect predictor variables used multivariate logistic 
regression with the dependent variables “group” and “completion rate” of PR. An analysis of co-variance was used to 
determine between-group differences after controlling for baseline values. For both primary and secondary outcomes, 
one-sided non-inferiority null hypothesis tests were conducted with a non-inferiority margin equivalent to Cohen's d=0.5. 
These non-inferiority tests evaluated whether the differences between centre-based and mPR were smaller than a medium 
effect size corresponding to a clinically meaningful difference25. These tests evaluated whether the differences between 
the two interventions were smaller than clinically meaningful differences. Statistical significance level was set at 0.05 and 
0.025 for the two-sided and one-sided hypothesis tests, respectively.

Results
A total of 129 participants were screened for eligibility and 105 recruited. Following recruitment, participants were asked 
their preference for delivery of PR; 67/105 (64%) selected centre-based and 38/105 (36%) mPR. Follow-up assessment 
was completed for 95/105 (90%) of participants; 63/67 (94%) from the centre-based PR group, and 32/38 (84%) from the 
mPR group. Flow of participants through the study can be seen in Figure 1. The demographic and clinical characteristics 
of participants at baseline can be seen in Table 1. Those who chose mPR were younger (p = 0.002) and more likely to be 
working (p = 0.0001). Due to the COVID-19 lockdown, the planned face-to-face follow-up assessment could only be 
completed for three (4%) centre-based and two (6%) mPR participants. Remaining participants completed the follow-up 
assessment over the telephone which further prevented the assessment of exercise capacity.

Primary Outcome
The overall proportion of participants who attended ≥70% of the available sessions was 67%; 50/67 (75%) in the centre- 
based group, and 20/38 (53%) in the mPR group. Logistic regression showed the likelihood of completing PR was nearly 
twice as high if participants were enrolled in centre-based compared to mPR (odds ratio 1.90 95% CI [0.83–4.35]). We 
were unable to reject the non-inferiority null hypothesis (H0: Odds ratio ≥ 3.5, z-value = −1.446, p-value = 0.074), and 
thus we cannot confirm whether mPR achieves a completion rate which is not inferior to centre-based PR. A secondary 
model using multi-variate logistic regression assessed the impact of a set of predictor variables on the odds of 
participants completing PR (Table 2) and did not identify any significant predictors of completion. No multicollinearity 
existed between variables.

The overall completion rate for the centre-based group was 75%. In the centre-based group, 13/67 (19%) participants 
reached the end of the intervention period prior to COVID-19 restrictions (pre-COVID-19 group). When restrictions 
were implemented 54/67 (81%) centre-based participants were impacted, of whom two participants declined telerehabil
itation. The remaining 52/67 (78%) were subsequently given the choice of receiving their telerehabilitation via clinician- 
based, scheduled synchronous telephone calls or videoconferencing classes, with 41/52 (79%) opting for telephone and 
11/52 (21%) videoconferencing. Attendance rates for both groups are shown in Figure 2.

According to our a priori definition, the completion rate for the mPR group was 53%. In the mPR group, 3/38 (8%) 
opted to receive SMS only, 8/38 (21%) mPR-app and SMS, and the remaining 25/38 (66%) mPR-app, sensor, and SMS 
and 2/38 (5%) did not receive the intervention, see study flow diagram. The delivery of the mPR intervention was not 
affected by the COVID 19 lockdown.
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Assessed for eligibility n =129

Selected preferred intervention (n = 105)

Excluded n = 24

Not meeting inclusion criteria (n=18)

Declined to participate (n=5) 

Other (n=1)

Centre-based PR (n=67)

Received intervention (n=67)

mPR group (n=38)

Received intervention (n=36)

Unwell on assessment (n=2)

Discontinued chosen intervention (n=4)

Could not manage technology (n=1)

Unwell/health reasons (n=3)

Lost to follow up (n=4)

Declined (n=1)

Unable to contact (n=3)

Lost to follow up (n=4)

Unable to contact (n=4)

Total analyzed (n=67) Total analyzed (n=38)

Discontinued chosen intervention (n=17)

Pre-COVID (n=5)

Unwell (n =1)

Transport (n =3)

Centre too cold (n = 1)

COVID-19 impacted (n=12)

Declined telehealth (n =2)

Commitments (n =2)

Unwell ( n=5) 

Unknown (n = 3)

Pre COVID-19
(n=13)

Centre-based 
only (n = 13)

COVID-19 impacted (n = 54)

Centre-based + Telephone (n = 41)

Centre-based + Zoom (n=11)

Centre-based + declined 
telehealth (n=2) 

Figure 1 Study flow diagram.
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Engagement in mPR
The mPR app dashboard was viewed by participants a total of 8593 times during the study period and videos were 
opened 1038 times. A total of 3932 SMS was sent to participants (mean per participant = 109.22, range 14–169). Of 

Table 1 Baseline Characteristics of Participants by Preferred Intervention

Characteristics Centre mPR P value

(n = 67) (n = 38)

Gender: Female/Male 41/26 26/12 χ2 =0.548 (p=0.459)

Age (years), mean (SD; range) 71 (9; 49–88) 64 (11; 34–82) t=3.16 (p=0.002)

Ethnicity

Māori 13 (19%) 6 (16%) χ2 =0.214 (p=0.644)

Pacific peoples 6 (9%) 7 (18%) χ2 =2.003 (p=0.157)

European/Othera 48 (72%) 25 (66%) χ2 =0.392 (p=0.531)

Primary condition

COPD 42 (63%) 22 (58%) χ2 = 0.234 (p=0.629)

Bronchiectasis 12 (18%) 5 (13%) χ2 =0.404 (p=0.525)

Interstitial Lung disease 6 (9%) 3 (8%) χ2=0.035 (p=0.852)

Other* 9 (13%) 8 (20%) χ2 =1.038 (=0.308)

Smoking status

Current smoker 10 (15%) 6 (16%) χ2 =0.656 (p=0.720)

Ex-smoker 42 (63%) 21 (55%)

Never smoked 15 (22%) 11 (29%)

Employment status

Employed 6 (9) 21 (58) χ2 28.5 (p = 0.000)

Not working 59 (91) 15 (42)

Highest education level

Trade or below 42 (63%) 15 (40%) χ2 =5.747 (p=0.057)

Diploma and above 20 (30%) 20 (52%)

Not stated 4 (6%) 2 (5%)

6-minute walk test (metres), mean (SD) 380 (105) 386 (124) t=−2.72 (p=0.185)

1-minute sit to stand, (reps) mean (SD) 17.0 (5.6) 18 (6.8) t=−1.314 (p=0.108)

mMRC (median, IQR) 2.1 (0.9) 2.0 (1.1) t=0.648 (p=0.606)

CAT total, mean (SD) 18.27 (7.6) 18.8 (7.6) t=−0.396 (p=0.931)

EQ5D VAS %, mean (SD) 62.35 (22.7) 64.08 (20.7) t=−2.045 (p=0.043)

SBQ total time (hours/week), mean (SD) 57.1 (27.2) 69.6 (27.6) t=−2.045 (p=0.881)

Notes: Data are number (%) of participants unless stated otherwise. a = Asian/African/South African. * Other = Asthma 
(n=6), post-surgery (n=2), alveolar proteinosis (n=1), OSA (n=8). 
Abbreviations: CAT, COPD assessment test; EQ5D VAS, EuroQol visual analogue scale; mMRC, modified medical 
research council; SBQ, sedentary behaviour questionnaire.
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those who started mPR 33/38 (87%) engaged to some degree (responded to SMS or accessed the app). Of those 
registered to use the app, 25/33 (76%) were still accessing it in week 8, with 63% responding to SMS questions at week 
8, but did not fulfil our a priori completion definition (ie they were responding to one rather than two SMS).

Centre-based

mPR

Key:
X = mean
• = outlier 
Outlier < Q1-1.5*IQR)

Figure 2 Box and whisker plot of attendance rates at PR.

Table 2 Multivariate Logistic Regression

Variable Level ODDS RATIO H0: Odds Ratio = 1,  
p-value

Choice Centre 1.744 (0.37–8.2) 0.483

Age Per year increase 1.047 (0.96–1.14) 0.28

Gender Female 1.17 (0.334–4.08) 0.809

Ethnicity Non-Māori/non-Pacific 0.572 (0.145–2.27) 0.427

Employment Working 0.389 (0.77–1.97) 0.255

Education Trade or lower 0.536 (0.4–6.0) 0.632

Not stated 1.7 (0.116–26.7) 0.682

Exercise tolerance (6MWT) Metre 1.0 (0.995–1.0) 0.369

mMRC 1.0 (0.545–2.0) 0.896

Abbreviations: 6MWT, six-minute walk test; mMRC, modified medical research council.
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Secondary Outcomes
Centre-based participants demonstrated significant improvements in dyspnoea (mMRC), symptoms (CAT) and health- 
related quality of life (EQ5D-VAS), with no change in time spent in sedentary behaviours (SBQ) (Table 3). mPR 
participants showed improvement in symptoms (CAT) and reduced sedentary time (SBQ) but did not show improvement 
in dyspnoea (mMRC) or health-related quality of life (EQ5D-VAS). Statistical analysis showed mPR was not inferior in 
terms of changes in symptom score (CAT) or time spent in sedentary behaviour (SBQ), but we were unable to exclude 
non-inferiority for dyspnoea (mMRC) or HRQoL (EQ5D-VAS).

One adverse event was reported; a participant in the mPR group fell whilst walking, injuring her shoulder and was 
unable to complete the intervention but participated in the follow-up assessment. No other adverse events were reported.

Discussion
This trial provides information regarding attendance and completion rates of PR when participants are given choice in 
delivery model. The likelihood of completing PR was nearly twice as high if participants were enrolled in centre-based 
PR compared to mPR, even when centre-based model were forced to transition to a telephone/VC model. Despite being 
almost twice as likely to complete in the centre-based group, this was not statistically significant and thus we cannot 
confirm whether mPR can achieve the same completion rate as centre-based PR. The centre-based completion rate is 
similar to a National UK audit rate26 and higher than a previous NZ audit at our centre where completion rates were 
61%.22 We believe the forced transition of the centre-based group to telerehabilitation (due to COVID-19 restrictions), 
may be a contributor to this higher completion rate of the centre-based group in our study. This study has shown whilst 
64% preferred centre-based PR, when forced to transition to telerehabilitation models (telephone and videoconferencing), 
an improvement in attendance and completion rates occurred in this group. This anomalous finding could be due to 
participants having already developed a therapeutic relationship with clinicians and peers, thus facilitating the desire to 
continue. Additionally, the telerehabilitation models were clinician led, scheduled, and synchronously delivered. This 
suggests that once a therapeutic relationship is established, participants may be more able to successfully transfer to 
remotely delivered PR and maintain this engagement at a distance. Previous home-based PR trials using telephone calls 
and videoconferencing have shown higher completion rates than centre-based PR14,27 and it has been suggested it is 
easier to “attend” a telephone call than travel to a centre,14 and this may have been one of the reasons for completion 
rates in our centre-based group increasing.

Our mPR programme was designed to be an asynchronous, “stand-alone” intervention with no scheduled clinician 
interactions, and whilst participants were advised they could contact a clinician through the mPR “contact us” page, only 
four participants did so. It is possible that adding regular contact points would establish a therapeutic relationship with 

Table 3 Outcome Measures Taken at Baseline and Follow-Up Assessments, Mean (Standard Deviation)

Outcome Baseline Follow Up Within Group 
Difference

Baseline Adjusted 
Between Group  
Mean Difference 
(MD), 95% CI

H0: MD ≥ 0.5 Cohen’s d 
t-value[df], p-value

Centre mPR Centre mPR Centre mPR

CAT 18.2 (7) 18.9 (8) 15.0 (8) 15.1 (7) 2.5 (6.6) 3.2 (6.8) 0.71 [−1.98, 3.4] H0: MD ≤ −3.6 
t[90]=−3.183, 0.001

mMRC 2.1 (0.9) 2.0 (1.1) 1.8 (0.9) 2.2 (0.9) 0.30 (1.1) −0.28 (1.1) −0.473 [−0.84, −0.107] H0: MD ≤ −0.52 
t[89]= 0.254, <0.399

SBQ 57.6 (27) 69.6 (27) 54.9 (25) 59.8 (19) 1.7 (25) 6.8 (23) −0.321 [−9.1, 8.45] H0: MD ≤ −13.9 

t[91]= −3.074, <0.0014

EQ-VAS 63 (23) 65 (21) 70 (19) 64 (21) 7.25 (25) −1.9 (22) 7.35 [−0.952, 15.6] H0: MD ≥ 11.1 

t[91]= −0.899, 0.1855

Abbreviations: CAT, COPD assessment test; EQ-VAS, EQ5D visual analogue scale; mMRC, modified medical research council scale; SBQ, sedentary behaviour 
questionnaire; Ho, null hypothesis; MD, mean difference.

https://doi.org/10.2147/COPD.S408423                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 1426

Candy et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the clinician and have the potential to enhance outcomes, as found in a trial of home-based PR with health coaching, 
where high patient adherence and satisfaction was attributed to the interactions with the physiotherapist.28 Interestingly, 
The American Thoracic Society suggests that regular contact between health care professionals and the patients was 
desirable rather than essential.29

Whilst the completion rate of mPR in this study was lower than that of centre-based (53% v 75%), several factors 
may have influenced this. The study was underpowered to determine non-inferiority due to recruitment stopping when 
national COVID-19 restrictions forced the closure of face-to-face services. The required sample size of 50 in the smallest 
group was not achieved with only 38 participants is the mPR group. We used a proxy measure of attendance to determine 
completion rates in the mPR group requiring participants to respond to two messages per week for 8-weeks. This may 
have underestimated the true completion rate of mPR, as our analysis showed that participants were more likely to 
answer general questions regarding progression of their exercise programme than the more specific question regarding 
frequency count of completed exercises. It is inherently difficult to measure engagement with digital health 
interventions30,31 and we are reliant on either subjective reports or system measures, such as participant logins, which 
indicate usage but do not provide information on fidelity to the intervention. In this study, we needed a measure of 
attendance which could accommodate the different levels of engagement participants had with the intervention, as some 
participants received mPR via SMS alone and others using mPR-app. Whilst we appreciate the limitations with this 
outcome measure, we are yet to determine accurate measures of attendance and fidelity with remotely delivered 
interventions and this needs ongoing consideration.

Previous studies investigating web-based programmes have shown a gradual decline in usage over time13,32, however 
this was not seen in our study. Based on responses to the two questions aimed at ascertaining attendance there were fewer 
responses in the first week suggesting technical or digital challenges may have been a factor at that point in time. Several 
authors have stressed the importance of training participants in the use of technology33,34 and the inclusion of technical 
support to facilitate this should be considered in any future work.

Our results show that whilst the majority of participants preferred centre-based PR, one-third of participants preferred 
mPR, and that for patients who are younger, employed and living in rural locations, mPR offered a useful alternative. 
Whilst there is limited data available on the uptake and completion of telerehabilitation in real-world settings, an 
implementation study reported 36% of participants opted for home-based PR with telephone support after declining 
centre-based PR,35 and our study supports this finding. It is likely as our population ages and digital confidence grows, 
the portion of participants opting for telerehabilitation options may also increase.

The improvements in clinical outcomes observed in both groups were lower than expected with significant improve
ments seen only for symptom scores in both groups. Whilst the centre-based group showed improvements in HRQoL, the 
mPR group did not. A meta-analysis of centre-based PR trials has shown improvements in HRQoL,36 with a recent 
Cochrane review showing equivalence in HRQoL outcomes between telerehabilitation and centre-based PR.37 However, 
our trial along with other pragmatic trials has failed to show improvements in HRQoL.14,16 Our study occurred during 
a pandemic when people living with a CRD felt particularly vulnerable which may have impacted on their feelings of 
anxiety, perceived health status and respiratory status. In people living with CRD in the UK undergoing COVID-19 
restrictions, reductions in physical activity levels and HRQoL were observed,38 and it is likely that similar impacts may 
have occurred for participants in this study.

A major limitation of this study was our inability to measure changes in exercise capacity due to the restrictions in 
face-to-face contact which were imposed by the COVID-19 pandemic. Additionally, the inability to recruit to the target 
sample size due to COVID restrictions impacted the statistical power and thus our ability to clearly demonstrate non- 
inferiority between centre-based and mPR. Importantly, an advantage of the pragmatic trial design of this study was the 
broad inclusion criteria reflecting clinical practice and resulting in a low rate of participants declining participation in PR.

Conclusions
This trial has shown that whilst centre-based PR remained the preferred method of delivery for the majority of patients, 
mPR was preferred by 36% of participants and appealed to younger participants who are working and may have found 
attendance at centre-based programmes challenging. Attendance and completion rates were highest in the group who 
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started centre-based and transitioned to telerehabilitation via telephone and videoconferencing during the COVID-19 
pandemic, suggesting the opportunity to develop a therapeutic relationship with clinicians prior to remotely delivered PR 
may be important.
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