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Abstract 

Introduction 

Chronic respiratory diseases (CRD) are a highly prevalent public health issue with stark 

inequities and significant morbidity and mortality. Pulmonary Rehabilitation (PR) is an 

effective intervention which is proven to reduce the symptom burden for people living 

with a CRD. Uptake, attendance, and completion of PR worldwide are poor. New and 

novel ways of delivering PR are required to increase the reach of PR. This thesis aims to 

investigate a method of delivering PR that may increase the reach of PR services in 

Aotearoa New Zealand (NZ). 

Methods 

Prior to development of a new delivery method of PR in NZ, a survey of all PR services 

in NZ was completed. Simultaneously, a scoping review of the literature was 

undertaken to determine the factors that may influence engagement in and 

experiences with telerehabilitation, and their experiences of engaging in this form of 

PR. The information from these two studies led to the iterative process of developing 

the content for a mHealth PR programme (mPR) ς the first of its type specifically for 

the NZ population. The mPR intervention was developed by a multidisciplinary team 

including public health physician, mHealth experts, behaviour change experts, 

physiotherapists, computer scientists, people living with a CRD, and engineers. 

Throughout the development process two further studies were undertaken, which 

further shaped the content of mPR. Furthermore, an evaluation of our mPR 

programme was undertaken with a preference-based trial and the patient experience 

was assessed through a mixed methods study which was nested in the preference-

based trial. 

Results 

The national survey of PR services demonstrated that prior to the COVID-19 pandemic, 

PR services in NZ offered predominantly centre-based PR with only 5% of services 

offering any home-based options. No services offered telerehabilitation, and all 

services operated within normal working hours. The survey also found that during the 
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COVID pandemic many services pivoted their services to provide telerehabilitation 

options. 

The scoping review identified device, data access, digital literacy, and concerns 

regarding lack of support from peers and clinicians were key barriers to participation in 

telerehabilitation. Studies reported the convenience and reduced burden of 

telerehabilitation were reported as positive factors for participants engaging in 

telerehabilitation.  

A preference-based study was used to determine whether PR attendance and 

completion rates may be improved by offering the participants their choice of delivery 

model (centre-based or mPR). Whilst 64% of participants preferred centre-based PR, of 

the 36% that preferred mPR, they were more likely to be younger and employed. 

Whilst attendance and completion rates were higher in the centre-based group - high 

levels of satisfaction and perceived benefit were reported from the mPR programme.  

Conclusions 

Whilst centre-based PR remains the preferred option for many, the addition of 

mHealth delivered PR can increase the reach to those who might otherwise be unable 

to access PR services.  
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 Introduction 

1.1 Statement of the problem 

Chronic respiratory diseases (CRD) are associated with a significant burden for 

patients, ǿƘņƴŀǳ, and health care systems. Pulmonary rehabilitation (PR) has proven 

efficacy to reduce the symptoms and morbidity of living with a CRD, but the uptake of 

PR is low (Levack et al., 2012; Steiner et al., 2015b). PR is traditionally delivered at a 

hospital outpatient centre and participants are normally required to attend the centre 

twice weekly for eight weeks (Alison et al., 2017). This model of PR has been 

demonstrated to be highly effective (McCarthy et al., 2015) but is associated with 

many patient-related and organisational barriers (Cox et al., 2017).  

There is growing evidence for the use of mobile health (mHealth) to support 

management of chronic conditions such as cardiac disease (Rawstorn et al., 2016), 

diabetes (Dobson et al., 2018), tŀǊƪƛƴǎƻƴΩǎ disease (Tsiouris et al., 2017) and stroke 

rehabilitation (Signal et al., 2020).  

1.1.1 Aims and Objectives 

This thesis outlines the process undertaken to develop and test an mHealth application 

for PR. The overarching aim of the thesis was to investigate whether an mHealth 

programme designed for use in NZ might increase the reach of PR in NZ. The specific 

research objectives to be addressed in this thesis are: 

1. To develop an understanding of current PR practises in NZ and how these might 

impact uptake and completion 

2. To identify factors which influence patient participation in telerehabilitation 

3. To develop the content for a NZ based mHealth PR programme 

4. To evaluate the content for a NZ based mHealth PR programme 

5. To identify patient preference for delivery of PR via either centre-based or 

mHealth delivered PR, and ascertain if allowing participants to choose their 

delivery method improves the rate of attendance at PR 

6. To evaluate end-user experiences of the NZ purpose designed mHealth 

intervention (mPR) 
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1.1.2 Structure of the thesis 

The structure of the thesis involves gathering information to inform the content 

development of an mHealth intervention for PR, followed by studies which detail the 

design of the intervention, assess the patient preference and outcomes from centre-

based and mHealth PR, and finally ascertain the patient experience of participation in 

our purpose designed mHealth PR programme. The thesis structure is shown in  

Figure 1. 

Figure 1 

Structure of the Thesis 

 

 

1.1.3 Key terminology 

Throughout this thesis, the terms telerehabilitation, mHealth and mPR are used 

extensively. Telehealth interventions are considered as those that provide healthcare 

services from a distance through the use of technology or telecommunications (World 

Health Organization, 2011). For the purpose of this thesis: 

¶ Mobile health (mHealth) is a form of telehealth which uses mobile devices, 

(including mobile phones), to deliver health services and information (World 

Health Organization, 2011). 
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¶ Telerehabilitation is a domain of telehealth which uses information and 

communication technologies to provide clinical rehabilitation services remotely 

(Kairy et al., 2009). In this thesis, the term telerehabilitation is used to refer to 

tw ǊŜƳƻǘŜƭȅ ŘŜƭƛǾŜǊŜŘ ƛƴǘƻ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƘƻƳŜ using technology. This may 

include telephone (including text messaging), videoconferencing facilities and 

web-based applications.  

¶ mPR refers to the NZ based PR intervention developed and tested in this work. 

1.2 Background to the problem 

1.2.1 Chronic respiratory disease 

Prevalence 

CRD including chronic obstructive pulmonary disease (COPD), asthma, bronchiectasis 

and interstitial lung disease (ILD), contribute to 7% of global burden of disease, and 

are thought to be the third leading cause of death worldwide (Maio et al., 2016). 

Estimated prevalence rates of COPD vary globally with Australia 5% (Australian 

Institute of Health and Welfare), USA 12% (Ford et al., 2013) and United Kingdom 4 ς 

10% (Garvey et al., 2013) In NZ, COPD is estimated to affect 14% of adults over 40 

years of age (Telfar et al., 2015b). Indigenous groups (including aņƻǊƛ in NZ), ethnic 

minority groups and people from socioeconomically deprived areas are 

disproportionally affected by COPD, with higher prevalence and increased rates of 

hospitalisation and mortality (Telfar et al., 2015b). 

Burden 

Chronic respiratory diseases are associated with a significant burden on healthcare 

systems (Milne & Beasley, 2015). Additionally, there is a large symptom burden for 

people who are living with a CRD, who may experience shortness of breath, fatigue 

and exacerbations which lead to reduced exercise capacity, poor health related quality 

of life (HRQoL), increased dependency, repeated hospitalisation and increased levels of 

anxiety and depression (Felker et al., 2001). Whilst CRDs are not curable, treatment 

can relieve symptoms and improve ǇŀǘƛŜƴǘΩǎ Iwvƻ[. One non-pharmacological 

treatment which has shown to reduce the burden associated with CRDs and reduce 

hospitalisations is PR (McCarthy et al., 2015; Puhan et al., 2016). 
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1.2.2 Pulmonary Rehabilitation  

PR is an evidence-based, multidisciplinary intervention which is a key component in 

the management of people with CRD (Mak et al., 2017). PR is a formalised, structured 

programme which includes exercise training, education, self-management, and 

behaviour change (Martijn A Spruit et al., 2013). PR is usually delivered in group 

sessions which occur twice per week over a six to eight week period (Alison et al., 

2017) and is normally delivered and supervised by a team of healthcare professionals 

(Alison et al., 2017). Whilst PR programme were initially designed for people living with 

COPD, PR has been shown to be effective for other chronic respiratory conditions 

including ILD (Dowman et al., 2021) , bronchiectasis (Lee et al., 2021; Lee et al., 2017), 

asthma (Osadnik et al., 2022) and more recently in people recovering from COVID-19 

(Spruit et al., 2020). A meta-analysis of 65 randomised control trials investigating PR 

clearly demonstrated it can reduce breathlessness, improve HRQoL and reduce 

hospital admissions for exacerbations of COPD (McCarthy et al., 2015). Clinical 

guidelines strongly recommend referral to PR for all patients with COPD (Yang et al., 

2017), and this has been extended to people following hospital admissions with an 

exacerbation of COPD (Puhan et al., 2016). 

Despite the compelling evidence regarding the effectiveness of PR, the reach of PR 

programmes is poor, with low referral, uptake and completion of PR (Rochester et al., 

2015). The RE-AIM framework provides a useful tool to evaluate the impact and 

sustainability of health interventions by examining five dimensions (Kwan et al., 2019). 

Reach is the first dimension of the RE-AIM framework and can be defined as the 

number, percentage and representation of eligible patients who participate in the 

intervention (Forman et al., 2017). Reach can be broken down further to access, 

uptake and completion - these terms are often used interchangeably in the PR 

evidence and in the clinical environment - and are useful for consideration of different 

challenges when considering the reach of PR. Holland et al (2021) provides useful 

definitions for these terms in the context of PR, shown in Table 1, and these terms will 

be used throughout this thesis. 
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Table 1 

Key concepts and definitions for pulmonary rehabilitation: access, uptake, and 

completion (Holland et al., 2021) 

 Definition Potential metrics 

Access Are eligible patients 
offered a PR 
programme? 

Number of programme available per 
geographical area/population. 

Percentage of eligible patients who are 
referred. 

Uptake Do patients take up the 
offer of rehabilitation? 

Percentage of referred patients who attend 
a PR assessment.  

Percentage of referred patients who attend 
at least one session 

Completion Do patients finish the 
rehabilitation 
programme? 

Percentage of patients attending 70% of 
sessions. 

Percentage of patients attending a 
discharge assessment. 

 

1.2.3 Barriers to Pulmonary Rehabilitation 

Access to Pulmonary Rehabilitation 

Data from international studies has shown patient referral rates and access to PR vary. 

A large UK national audit of asthma and COPD programmes explored rates of referral 

to PR and found that only 15% of those eligible were referred to PR (Steiner et al., 

2015a). A 2015 survey in Canada, found rates of access to PR to be only 0.4% of the 

COPD population (Camp et al., 2015), and in the USA rates of between 2.6% - 3.7% of 

the COPD population have access to PR reportedly due to uneven distribution of PR 

programmes across the country (Moscovice et al., 2019). Similar to the US, in Australia, 

PR programmes are disproportionately distributed in large metropolitan areas (39%) 

and access to PR is estimated to be between 5 ς 10% of the population with COPD 

(Johnston et al., 2011). A NZ survey in 2009 found that only 2% of the COPD population 

had access to PR (Levack et al., 2012), although it is thought this may vary across 

individual regions (Dummer et al., 2020). 

Uptake and completion 

The rate of uptake and completion of PR both nationally and internationally has shown 

between 30ς50% of those who are referred do not complete PR (Yohannes & Connolly, 
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2004). UK audit data has revealed an uptake rate of 59% (Steiner et al., 2015a), and 

likewise a NZ centre reported uptake rate of 63% of those referred to PR (Candy et al., 

2020a). The same NZ study reported 38% of referred participants went on to complete 

PR (Candy et al., 2020a). The reasons for low uptake and completion are complex and 

can be linked to patient related factors or organisational and system factors. 

Patient related factors 

Transport and travel 

A common barrier to PR is patient access to transport and travel options. This barrier is 

multifactorial and potentially interrelated to other factors such as socio-economic 

status, geographical location and severity of disease, each of which may also limit 

access to PR. Distance and travel involved with attending PR have been investigated, 

and distances of greater than 36 miles (58kms) or 30 minutes travel time has been 

found to be related to non-completion (Fan et al., 2008). 

The mode of transport available to patients may bring about different challenges for 

attending PR. A study investigating the reasons why people declined participation in PR 

research reported an inability to travel independently, an inability to manage public 

transport, or the inaccessibility of car parking to be influential factors (Taylor et al., 

2007). 

Many PR services are operated from large metropolitan centres and access to PR in 

remote and rural centres can be limited (Dummer et al., 2020; Moscovice et al., 2019), 

thus travel from rural or remote areas may impact upon the reach of PR. This is 

important as a higher prevalence and greater burden of COPD (Milne & Beasley, 2015; 

Terry et al., 2019) has been reported in rural areas (Ansari et al., 2007; Raju et al., 

2019). Many challenges exist to setting up and delivering PR in remote settings. In 

remote and rural communities there are less specialist services and lower numbers of 

health care professionals making the challenge of establishing and maintaining 

provision of speciality services difficult. An international comparison of PR services in 

seven countries showed the majority of PR services were based at large metropolitan 

hospitals (Desveaux et al., 2015). 
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Ethnicity 

Ethnicity has been shown to impact PR access and uptake in many countries. In the 

USA participants in PR programmes are more likely to be non-Hispanic white (Spitzer 

et al., 2019) and in the UK 82.5% of participants are άWhite Britishέ (Steiner et al., 

2015a). A NZ study found ethnicity was a predictor of completion of PR with aņƻǊƛ and 

Pacific people being less likely to complete (Candy et al., 2020a). It maybe that the 

type (cohort or block) and location of the PR programme impacts participation; one 

study compared the experiences of participants in a mainstream hospital outpatient 

service led by non-indigenous health care professionals, to a marae (aņƻǊƛ meeting 

house) based programme led by aņƻǊƛ, for aņƻǊƛ (Levack et al., 2016). Results showed 

while many of the same barriers exist to attending PR, regardless of ethnicity, for 

aņƻǊƛ, additional important cultural factors influenced their participation in PR.  

Additional patient related factors 

Other patient factors related to lower access, uptake and completion of PR included 

socio-economic status; one study showed those from more deprived areas have 

significantly reduced odds of participating in PR (OR 0.42-0.59) (Spitzer et al., 2019). 

Living situation and marital status has also been reported to impact attendance and 

completion of PR with people who are married being 7.3 times more likely to attend 

than those who are widowed or divorced (Keating et al., 2011), and people living alone 

being less likely to complete than those with social support (Young et al., 1999). 

Likewise people who are current smokers (OR 0.3, 95% CI 0.1-0.9) or suffering 

depression are less likely to complete PR (OR for completion 0.55, 95% CI 0.34 ς 0.87) 

(Keating et al., 2011). 

Organisation factors 

Several organisational factors have been found to be associated with PR uptake and 

completion. The structure of the programme has been shown to impact completion 

with cohort programmes, (all participants starting and finishing at the same time) 

having better completion rates than rolling programmes, which is attributed to the 

social connections and support of peers (Steiner et al., 2015b). Conversely, cohort 

programmes may mean longer wait times before commencement of PR, and longer 

wait times have been found to be associated with lower completion rates (Steiner et 

al., 2015b). This suggests services should consider the needs of their population when 
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designing their PR services. Other organisational factors impacting the reach of PR, 

include the inclusion criteria of PR programmes and the hours of operations, with 

many services only operating during work hours, restricting options for people who are 

working (Candy et al., 2022; Johnston et al., 2011). 

1.3 Emerging models for PR 

To address the poor reach of PR, the American Thoracic Society (ATS) and European 

wŜǎǇƛǊŀǘƻǊȅ {ƻŎƛŜǘȅ ό9w{ύ ǇǳōƭƛǎƘŜŘ ŀ tƻƭƛŎȅ {ǘŀǘŜƳŜƴǘ ƛƴ нлмр ƻƴ Ψ9ƴƘŀƴŎƛƴƎ 

LƳǇƭŜƳŜƴǘŀǘƛƻƴΣ ¦ǎŜ ŀƴŘ 5ŜƭƛǾŜǊȅ ƻŦ tǳƭƳƻƴŀǊȅ wŜƘŀōƛƭƛǘŀǘƛƻƴΩΦ ¢Ƙƛǎ ǎǘŀǘŜƳŜƴǘ ŎŀƭƭŜŘ ŦƻǊ 

novel pulmonary rehabilitation program models that make PR more accessible and 

acceptable to patients and those who refer to, or pay for, services. This, in conjunction with 

the recent COVID-19 pandemic has seen the rapid development of new models of PR and in 

particular the introduction of technology to deliver PR. Telerehabilitation , the delivery of 

rehabilitation services using information and communication technology (Kairy et al., 2009), 

has the potential to overcome some of the barriers identified to uptake and completion of 

PR and studies investigating telerehabilitation have become more frequent over the last ten 

years. To date, telerehabilitation programmes have been delivered using telephone calls, 

videoconferencing (VC) facilities and mobile and web-based applications (apps) or a 

combination of these. For this thesis the different models for telerehabilitation delivered in 

the home will be defined as found in Table 2. In practise there is often overlap between the 

models with more than one model being utilised (e.g, web-based models using text 

messaging and/or telephone calls). 

Table 2 

Emerging models of telerehabilitation in PR 

 Model Description 

 

Telephone PR delivered through the telephone, including 
telephone calls and text messaging. 

 

Video conferencing Supervised individual or group PR delivered in the 
home using videoconferencing facilities 

 

Web-based models Computer or phone-based interventions (mobile 
and web-based applications) offering unsupervised, 
asynchronous PR 

Note. PR = Pulmonary Rehabilitation 
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Cox et al. (2021) recently completed a systematic review which showed telerehabilitation 

can achieve equivalent clinical outcomes to centre-based PR with no additional safety 

concerns (Cox et al. 2021). The authors acknowledge a low number of studies in the review, 

with heterogeneous programme models, making the conclusions somewhat guarded.  

1.3.1 mHealth as a potential solution to improve the reach of PR 

Mobile health (mHealth) is the delivery of health information or interventions through 

a mobile device, such as a phone or tablet. Mobile phones are becoming increasingly 

ubiquitous. Reports suggest there are more mobile phone connections than people in 

New Zealand, with 121 active mobile connections per 100 population (Commerce 

Commission, 2018) A range of delivery modalities for PR can be utilized through a 

mobile device such as text messaging, video messaging, mobile internet, apps and 

wearable sensors. mHealth is a developing field which has been shown to enhance the 

management of other chronic health conditions through providing support, 

monitoring, and self-management strategies (Dobson et al., 2018; Pfaeffli Dale et al., 

2016; Whittaker et al., 2016). mHealth may offer opportunities to increase the reach of 

PR without compromising safety or clinical efficacy and may allow current barriers to 

centre-based PR to be overcome, providing access to individually tailored PR almost 

anywhere, anytime, with on-going support and motivation. 

The use of mHealth in the management of CRD has been explored with programmes 

for monitoring symptoms (Cruz et al., 2014), providing self-management support (Free 

et al., 2013; Korpershoek et al., 2018) and promoting physical activity (Demeyer et al., 

2017; Liu et al., 2008; Tabak et al., 2014). Three studies have tested and evaluated a PR 

programme delivered via mHealth, with two using a mobile app (Bourne et al., 2017; 

Park et al., 2020b) and the other a web-based app (Chaplin et al., 2017). Two of these 

mHealth PR programmes delivered all the essential components of PR (Chaplin et al., 

2017; Park et al., 2020b). These studies only included people living with COPD and 

those who had access and competency with internet and mobile phone apps, 

therefore did not represent all the population who may benefit from PR. All studies 

used exercise capacity or HRQoL as primary outcome measures and reported clinical 

improvements which were equivalent with centre-based PR. However, adherence and 

completion of mHealth delivered PR reported a gradual decline in usage from logging 

into the programme 3.9 times in week one to 2.5 times in week six (Bourne et al., 
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2017; Chaplin et al., 2017), and a large number of participants failing to complete 

(Chaplin et al., 2017). This non-completion was attributed to the time commitment, 

technology difficulties, and exacerbation of illness or comorbidities.  

To date, it appears that whilst centre-based PR is effective, the reach of these 

programmes appears sub-optimal. Telerehabilitation provides a potential solution 

which has been shown to be safe and likely as effective (Cox, McDonald, Hill, et al., 

2018) as centre-based PR, however, not much is known about the uptake of 

telerehabilitation in the clinical setting or implementation of these models, particularly 

in NZ. Thus, in order to attempt to improve the uptake and completion of PR in NZ, we 

aim to develop an mHealth PR programme. The key steps required involve: 

 1. Understanding the current PR service organisation and structure in NZ to 

identify how we can extend and develop this to improve the reach of PR, 

 2. Understanding the end-users needs and preferences is essential to 

developing a patient-centred intervention, 

 3. Reviewing the literature in conjunction with formative research into end-

ǳǎŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜǎ ƻŦ ƳIŜŀƭǘƘ ŘŜƭƛǾŜǊŜŘ tw to inform the content of the 

intervention.  

4. Develop and test a NZ specific mHealth application for PR. 

To investigate if an mHealth intervention can increase uptake and completion of PR in 

NZ, a preference-based research methodology has been used. Adherence and 

completion of PR may be influenced by group allocation in a randomised controlled 

trial, with some participants not physically able to access a centre-based programme 

or not having the skills or interest in mHealth. In the real-world clinical setting 

participants would choose (in consultation with health care professional) which 

delivery method (mHealth or centre-based) to best meet their needs and testing the 

mPR intervention using this design allows important information on patient 

preferences, uptake, completion, and ultimately, if providing mHealth as an alternative 

delivery method to centre-based to improve the reach of PR. 
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 Characteristics of pulmonary rehabilitation programmes in 

New Zealand. A survey of practise prior to and during COVID-19 

2.1 Prelude to manuscript 

Developing an understanding of how PR programmes were being delivered across NZ 

was important as the background work prior to developing any other delivery methods 

for application in the NZ context. The following chapter is designed to address 

Objective 1 of the thesis: 

To develop an understanding of current PR practises in NZ and how these 

might impact uptake and completion. 

2.1.1 Why was the study needed? 

The information gathered from this research helped to form an understanding of the 

baseline of PR services in NZ and inform the development of alternative PR delivery 

options. Developing an understanding of the current services provided information on 

factors influencing the reach of PR in addition to how we could build on current service 

structure to improve access and completion of PR in New Zealand. 

The aim of this study was to describe the characteristics of PR services in NZ, including 

the distribution of services across NZ, the programme structure and organisation, and 

the programme content. 

2.1.2 What was undertaken? 

Two consecutive surveys of PR services across NZ were undertaken. The first survey 

was conducted in 2019 to establish a baseline of what PR services were provided 

across the country. The survey was administered as an online survey using REDCap 

software. Shortly after data collection was complete, NZ went into a national lockdown 

in response to COVID-19 restrictions which lent the opportunity for a second survey 

(undertaken in 2020 with the same population) to determine how services had 

responded to the pandemic and how service provision had changed. 
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2.1.3 Publication citation 

Candy, S., Reeve, J., Dobson, R., & Taylor, D. (2022). Characteristics of pulmonary 

rehabilitation programmes in New Zealand: A survey of practice prior to and during 
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rehabilitation-programmes-in-new-zealand-a-survey-of-practice-prior-to-and-during-

covid-19-open-access 

2.1.4 Contribution by the candidate 

The candidate led the design of the study and the development of the survey tools, 

with guidance from her supervisors. The candidate obtained ethics approval, complete 

the data collection and data analysis. The candidate wrote the manuscript with input 

and feedback from her supervisors and co-authors. 

2.1.5 Supporting Documents 

Supporting documents associated with this chapter can be found in Appendices and 

include ethical approval for each survey, participant information and consent forms, 

copy of advertisements and survey questions. 

  

https://journal.nzma.org.nz/journal-articles/characteristics-of-pulmonary-rehabilitation-programmes-in-new-zealand-a-survey-of-practice-prior-to-and-during-covid-19-open-access
https://journal.nzma.org.nz/journal-articles/characteristics-of-pulmonary-rehabilitation-programmes-in-new-zealand-a-survey-of-practice-prior-to-and-during-covid-19-open-access
https://journal.nzma.org.nz/journal-articles/characteristics-of-pulmonary-rehabilitation-programmes-in-new-zealand-a-survey-of-practice-prior-to-and-during-covid-19-open-access
https://journal.nzma.org.nz/journal-articles/characteristics-of-pulmonary-rehabilitation-programmes-in-new-zealand-a-survey-of-practice-prior-to-and-during-covid-19-open-access
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2.2 Abstract 

Background:  

Pulmonary rehabilitation (PR) is a core component in the management of symptoms 

for people living with chronic lung disease. Access to PR is a barrier for many people 

resulting in low uptake and completion. Differences exist in the structure, organisation, 

and content of PR services both nationally and internationally. Developing an 

understanding of service provision in Aotearoa, New Zealand (NZ) is important for 

future developments which aim to reduce barriers to access. 

Aim:  

The primary aim of this survey was to develop an understanding of current pulmonary 

rehabilitation practices in NZ. The onset of a COVID-19 lockdown in NZ in March 2020, 

shortly after completion of the initial survey, enabled a follow-up survey to determine 

how services had adapted in response to the global pandemic.  

Methods:  

A cross-sectional observational design using two sequential purpose designed online 

surveys administered before (Survey 1) and after COVID-19 lockdowns (Survey 2) in NZ.  

Results:  

Survey 1 was completed by 36 PR services across NZ and showed homogeneity in the 

content and structure of services provided. PR was primarily funded by District Health 

Boards (DHBs), run by a multi-disciplinary team of health professionals, and included 

participants with a range of chronic respiratory conditions. All programmes completed 

pre and post PR assessments, were a minimum of eight weeks in duration, and 

included exercise and education. Survey 2 showed that during level 4 and level 3 

COVID-19 restrictions in NZ, 11 (40.7%) of services paused PR programmes, with 16 

(59%) adapting the service to provide home-based rehabilitation via telephone or 

teleconference facilities.  

Conclusion: PR programmes in NZ report following Australian and New Zealand PR best 

practice guidelines and are homogenous in content and structure, but COVID-19 

restrictions highlighted the need for services to provide more diverse options for 

service delivery. Future service development should focus on providing a range of 
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delivery options allowing increased access to PR, tailoring therapy to meet individual 

needs, and ensuring services are engaging for all participants to optimise participation. 

Pulmonary rehabilitation (PR) is an evidence-based, multidisciplinary intervention 

which is a key component in the management of people living with a chronic 

respiratory disease, including COPD (Alison et al., 2017). PR is a formalised, highly 

structured programme which includes exercise, self-management, education, and 

behaviour change support with health professional supervision. PR has been clearly 

demonstrated to improve breathlessness; health related quality of life (HRQoL) and 

reduces hospital admissions for exacerbations of COPD (Laviolette et al., 2008; 

McCarthy et al., 2015). Clinical guidelines strongly recommend the uptake of PR by all 

people with COPD, particularly following hospital admissions (Alison et al., 2017). 

Despite this, the uptake of, and sustained engagement with PR programmes in NZ is 

poor, with estimates of less than 1% of all people with COPD participating in PR, and 

only 38% of participants referred to PR completing the programme (Candy et al., 

2020a; Levack et al., 2012). Reasons for low attendance and adherence include 

transportation difficulties, lack of perceived benefit, depression, and the interruption 

ǘƻ ǘƘŜ ǇŀǘƛŜƴǘΩǎ Řŀƛƭȅ ǊƻǳǘƛƴŜǎ (Candy et al., 2020a; Guo & Bruce, 2014; Harrison et al., 

2015; Keating et al., 2011).  

The structure and organisation of PR services has been shown to influence attendance 

and completion rates (Stone et al., 2021). Several international PR programme surveys 

have been published in recent years ό/ŀƳǇ Ŝǘ ŀƭΦΣ нлмрΤ WƻƘƴǎǘƻƴ Ŝǘ ŀƭΦΣ нлммΤ hΩbŜƛƭƭ 

et al., 2008; Sundh et al., 2017) which have shown variability in the organisation, 

structure, and content of programmes both within and across different countries.  

The primary aim of this study was to develop an understanding of what PR service 

provision looks like across NZ, and how this complied with best practice guidelines. The 

initial survey (Survey 1) sought to describe the characteristics, organisation, structure, 

and content of PR programmes across NZ. In March and August 2020, the global 

COVID-19 pandemic prompted significant changes in the way healthcare was being 

delivered in NZ resulting in PR services needing to adapt in order to meet the needs of 

their population. Therefore, a second survey (Survey 2) was conducted following the 

Level 4 and Level 3 COVID-19 restrictions in NZ, to: (1) Determine the impact of COVID-
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19 restrictions on PR services in NZ; and (2) Assess differences in pre and post COVID-

19 PR programme delivery and content in NZ. Furthermore, both Survey 1 and 2 aimed 

to identify any gaps in PR service provision and areas for development to enhance 

accessibility and uptake of PR for people living with a chronic respiratory condition in 

NZ. 

2.3 Methods 

2.3.1 Study design 

A cross-sectional observational design, including two sequential purpose designed 

surveys administered online, was utilised. Ethics approval was granted from Auckland 

University of Technology Ethics Committee (AUTEC) on 21/5/2019, and an amendment 

was granted for Survey 2 on 21/08/2020. Data for Survey 1 was collected from July to 

September 2019 and for Survey 2 between August and September 2020.  

Inclusion criteria: 

Programmes met the inclusion criteria if their service was consistent with the 

American Thoracic Society (ATS) (2016) definition for PR ς see Figure 2. 

Figure 2 

PR Services must include the following: 

 
 

 

 

For Survey 1, programmes were required to have had a PR programme operating 

within the last six months. 

Only services which responded to Survey 1 were invited to participate in Survey 2. 

Respiratory support groups or maintenance groups were excluded. 

2.3.2 Survey Tool 

The two surveys used a purposefully designed instrument developed by SC, JR, RD, and 

DT. The survey was uploaded to REDCap software for administration. The survey was 

1. Programme delivered by exercise physiologist or 
physiotherapist 

2. Minimum six weeks duration 
3. Include functional assessment (e.g., 6MWT) 
4. Include a measure of health related quality of life 
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designed to represent the NZ context. Questions were developed based on other PR 

surveys conducted internationally ό/ŀƳǇ Ŝǘ ŀƭΦΣ нлмрΤ WƻƘƴǎǘƻƴ Ŝǘ ŀƭΦΣ нлммΤ hΩbŜƛƭƭ Ŝǘ 

al., 2008; Spruit et al., 2014) and adapted to the NZ context, which included questions 

specific to the NZ structure of district health boards, the health care professionals 

delivering PR in NZ and the different cultural groups seen in NZ. Secondly, taking 

knowledge already known about PR programmes in NZ from previous studies (Levack 

et al., 2012) and updating and extending this knowledge. Both surveys were piloted 

with two clinicians working in PR to enhance content validity; neither was included in 

the final administration of the study however their PR services were included. 

Feedback from pilot was minor and the survey was modified to improve readability. 

Survey 1 consisted of 72 questions over five sections, taking approximately 30 minutes 

to complete. Survey 2 involved 25 questions over three sections and took ten minutes 

to complete.  

2.3.3 Procedures 

Potential PR programmes throughout NZ were identified through: 

1. Invitations posted in physiotherapy respiratory special interest group 

newsletters.  

2. Contacting physiotherapy professional leads at each District Health Board 

(DHB) throughout NZ, requesting forwarding the survey invitation to clinicians 

coordinating the PR programme.  

3. Internet searches for PR programmes in NZ. 

4. Utilising professional networks.  

Only one respondent per service was invited to take part in the survey.  

All identified PR programme co-ordinators were sent an email invitation to participate, 

outlining the aims of the survey along with a participant information sheet. Interested 

participants were asked to return a written consent form via email prior to being sent 

the online survey link via the REDCap. One automatic reminder email and survey link 

was sent to all participants who did not respond within 14 days.  

The second survey was administered by contacting all participants who completed the 

first survey by email and inviting them to complete the Survey 2.  
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2.3.4 Data Analysis 

All data provided was de-identified and analysed by aggregation. A simple descriptive 

statistical analysis was completed. The qualitative data collated from open ended 

questions were analysed using a simple general inductive thematic approach to 

identify common themes and meanings from the data (Thomas, 2006). 

2.4 Results 

2.4.1 Responses  

Initial searches and advertisements identified 41 potential participants for Survey 1 

who were sent participant information sheets. Two respondents did not meet the 

inclusion criteria. Thirty-nine survey links were sent out and 38 responses received. 

Two services duplicated their responses which were checked for inter-rater reliability 

before duplicates were removed. Responses were analysed from 36 (97.3%) 

programmes for Survey 1. Survey 2 was sent to all respondents of Survey 1 and 27/36 

(75.0%) responded to Survey. Response rates can be seen in Figure 3. Respondents to 

Survey 1 were physiotherapists (n=27; 75.0%), nurses (n=7; 19.4%) and exercise 

physiologists (n=2; 5.5%). 
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Figure 3 

Flow chart of participants through Survey 1 and Survey 2. 

 
 

2.4.2 Geographical Distribution 

NZ is currently divided into 16 regions for local government purposes, and 15 regions 

had a minimum of one respondent to Survey 1. Survey 1 was completed by 28 (77.7%) 

PR services in the North Island (NI), and 8 (22.2%) in the South Island (SI). Survey 2 was 

completed by; 19 (70.3%) PR services in NI, five (18.5%) SI, with three responses 

(11.1%) not stipulating their region. 

2.4.3 Programme setting 

The majority of respondents provided PR at one site only (n=23; 63.9%) with 13 

(36.1%) offering programmes across multiple sites. The setting of the programmes 
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surveyed can be seen in Table 3. Of note, four services (10.8%) offered home based 

rehabilitation prior to COVID-19 restrictions in Survey 1.  

Table 3 

Pulmonary Rehabilitation Programme setting (n=36) 

Setting  n (%) 

Hospital Outpatient 

Community venue 

Home based 

Hospital inpatient 

Church 

Private facilities 

Marae 

Water based programme 

Telerehabilitation 

 19 (52.7) 

 15 (41.6) 

 4 (11.1) 

 1 (2.7) 

 3 (8.3) 

 3 (8.3) 

 2 (5.5) 

 1 (2.7) 

 0 (0.0) 

Note. n= sample size  

2.4.4 Programme organisation 

The programmes surveyed reported delivery by a multi-disciplinary team with 27 

(75.0%) programmes reporting utilising four or more different health care 

professionals directly in the delivery of the programme. The disciplines reported to be 

involved are listed in Table 4. The majority of programmes were funded by the public 

health services; 26 (72.2%) by DHBs, 4 (11.1%) by Primary Healthcare Organisations 

(PHOs) and 4 (11.1%) by combined DHB/PHO funding. Two (5.5%) programmes were 

reported to be self-funded by participants and one service (2.8%) was funded by a 

combination of self-funding/insurance. Referrals to the PR services came from a 

variety of health care professionals (HCP) (see Table 5). Sixteen services (44.4%) 

undertook an annual service audit of the programme. A further four services (11.1%) 

reported having undertaken service audits, but not on a regular basis. A service audit 

had never been completed by n=16 (44.4%) of respondents. 
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Table 4 

Disciplines directly involved in the delivery of PR 

Health Care Profession  n (%) 

Physiotherapist 

Nurse 

Dietician 

Occupational Therapist 

Health Care Assistant 

Health psychologist 

Peer Support / volunteer 

Social worker 

Pharmacist 

Exercise Physiologist 

Doctor (primary or secondary care) 

Other *  

 32 (88.8) 

 29 (80.5) 

 21 (58.3) 

 15 (41.7) 

 15 (41.7) 

 10 (27.8) 

 7 (19.4) 

 7 (19.4) 

 6 (16.6) 

 5 (13.8) 

 5 (13.8) 

 3 (8.3) 

Note. *Other included smoke free specialists and green prescription providers 

2.4.5 Programme structure  

PR programmes were mostly eight weeks in duration and predominantly utilised 

group-based exercise and education classes. Respondents were asked about the 

format of their PR programme and the majority (69.4%) used a block/cohort 

programme. Block programmes require that all participants start PR on the same day, 

whereas a rolling programme allows participants to enrol at any time. An individual 

(1:1) programme was reported to be offered by one (2.7%) respondent. Twenty-four 

(66.7%) respondents reported having a waitlist to start the programme, with eight 

(22.2%) reporting the wait time for PR to be up to six months, the majority of which 

followed a block format programme (n=6; 75.0%). Only two services (5.5%) offered PR 

outside of normal working hours, with the remainder of services provided only within 

9am to 5pm Monday to Friday. 

2.4.6 Programme Content 

The inclusion of a pre and post programme assessment was reported by all 

respondents with further follow up assessment (> 3 months post completion) included 

by 10 programmes (27.7%). All services included measures of exercise capacity and 

health related quality of life with the different measures used shown in Table 5. 

Programmes included patients with a range of chronic respiratory conditions, see 

Table 5. Only one programme (2.7%) offered multi-morbidity rehabilitation 
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programme (i.e., included participants living with multi-morbid long-term health 

conditions). 

Table 5 

Structure and content of NZ PR programmes (n=36). 

  n (%) 

Programme format: 

      Block programme 

      Rolling programme 

      Other (mixed n=1, individualised n = 1) 

 

 25 (69.4) 

 10 (27.8) 

 1 (2.8)  

Programme Component 

      Exercise, group education 

      Exercise, individual education 

      Other 

 

 33 (91.6)  

 2 (5.5) 

 1 (2.7) 

Referrals from: 

      Respiratory physician 

      General Practitioner (GP) 

      Physiotherapist 

      Nurse 

      Other physician 

      Other health care professional 

      Self-referral 

      Other 

 

 34 (94.4) 

 33 (91.6) 

 31 (86.1) 

 31 (86.1) 

 23 (63.8) 

 18 (50.0) 

 12 (33.3) 

 1 (2.7) 

Participant diagnosis: 

      COPD 

      Interstitial lung disease 

      Bronchiectasis 

      Asthma 

      Post thoracic surgery 

      Lung cancer 

      Prehabilitation 

      Obstructive sleep apnoea 

      Cystic fibrosis 

      Breathing pattern disorders 

 

 36 (100) 

 34 (94.4) 

 33 (91.6) 

 26 (72.2) 

 23 (63.8) 

 19 (52.7) 

 18 (50.0)  

 14 (28.8)  

 1 (2.8) 

 1 (2.8) 

Programme length: 

      < 8 weeks      

      8 weeks 

      > 8 weeks 

 

 1 (2.8) 

 25 (69.4) 

 10 (27.8 
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  n (%) 

Exercise test: 

      6MWT 

      1 min STS 

      5 rep STS 

      ISWT 

      Other (30 sec sit to stand, 2-minute step test, CPET) 

 

 30 (83.3) 

 8 (22.2) 

 6 (16.6) 

 3 (8.3) 

 3 (8.3) 

Health related quality of life measure: 

      CAT 

      CRDQ 

      SGRQ 

      CCQ 

      SF36 

      Other (Leischer cough (2), LINQ (1), HADS (1), WHO QOL (1), EQ-5D (1)) 

      None 

 

 24 (66.6) 

 7 (19.4) 

 5 (13.8) 

 3 (8.3) 

 2 (5.5) 

 7 (19.4) 

 1 (2.7) 

Note. GP: General practitioner; 6MWT: six-minute walk test; 1min STS: one minute sit to stand; 5 rep 

STS: five repetition sit to stand; ISWT: incremental shuttle walk test; CAT: COPD Assessment Test; CRDQ: 

chronic respiratory disease questionnaire; SGRQ: St George questionnaire; CCQ: chronic COPD 

questionnaire; SF36: short form 36; LINQ: lung information needs questionnaire; HADS: hospital anxiety 

and depression index; WHO QOL: world health organisation quality of life; 

Respondents were asked if they offered any adaptations to the programme for 

participants of different cultural backgrounds, with 22 (61.1%) reporting making 

adaptations to the service including: moving the location of PR to a marae (n=3; 8.3%), 

recruitment of health care professionals to reflect the different cultures in the classes 

(n=5; 13.8%), provision of an interpreting service (n=10; 27.7%), and provision of 

written material translated to different languages (n=6; 16.6%).  

At the time of data collection for Survey 1, none of the services included a 

telerehabilitation component in their PR service. Respondents reported using digital 

technologies to assist in the delivery of centre-based programmes via appointment 

reminders through email (n=16; 44%) and/or text messaging (n=22; 61.6%). 

Technology was also used for delivering self-management education (n=13; 36.1%) in 

the form of videos and power point presentations.  

2.4.7 Survey Two 

Of the 27 who completed Survey 2 responses, 11 centres (40.7%) stopped their PR 

programmes completely during the COVID-19 associated lockdowns (NZ level 3 and 4 
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restrictions). In the programmes that continued to operate during COVID-19 

restrictions, the telephone was the most frequent modality used for completing PR 

assessments, delivering exercise prescription, and self-management education. Some 

respondents utilised video conference facilities (n =7; 25.9%) and/or text messaging (n 

=2; 7.4%). The content of the programmes and modalities used during the COVID-19 

lockdowns is shown in Table 6. Ten services (37.0%) reported that following COVID-19 

restrictions being lifted, they planned to recommence services with the addition of 

telerehabilitation options for participants, whereas five services (18.5%) reporting 

likely resuming the same services as prior to COVID-19 lockdowns. Twelve services 

(44.4%) remained unsure of their future structure at the time of the survey.  

Table 6 

Delivery of Pulmonary Rehabilitation during COVID-19 restrictions (n=27). 

Component of PR Delivery modality  n (%) 

Assessment Did not complete assessment during lockdown 

Telephone 

Video conference 

16 (59.2) 

 9 (33.3) 

 1 (3.7) 

Exercise Prescription + 
progression 

Telephone 

Video Conference 

Paper 

Email 

Mobile Apps 

Home booklet 

Not described 

15 (55.5) 

 7 (25.9) 

 7 (25.9) 

 5 (18.5) 

 2 (7.4) 

 1 (3.7) 

 1 (3.7) 

Self-management 
education 

Telephone 

Paper 

Video conference 

Email 

Text messaging 

Mobile Apps 

Other (web-based resources) 

11 (40.7) 

 8 (29.6) 

 6 (22.2) 

 6 (22.2) 

 3 (11.1) 

 3 (11.1) 

 1 (3.7) 

 

Respondents were asked to describe the most significant barrier when trying to deliver 

PR during COVID ς19 restrictions. The most common themes included: not being able 

to assess participants in person (n=16; 59.2%), not being able to complete objective 

measures (n=15; 55.5%), a lack of digital access for participants (n= 15; 55.5%) and low 

digital literacy for participants and staff (n=13; 48.1%). Respondents also reported not 
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being prepared for the restrictions, and not having the time and resources to develop 

alternative methods for delivering PR.  

Respondents were asked if access to national PR resources would have been helpful to 

the delivery of PR during COVID-19 restrictions. Twenty-one (77.8%) responded they 

would have liked access to resources, especially New Zealand specific exercise and self-

management educational videos. Other resources respondents would have found 

helpful during COVID-19 restrictions are shown in Table 7. 

Table 7 

wŜǎƻǳǊŎŜΩǎ ǊŜǎǇƻƴŘŜƴǘǎ ǊŜǇƻǊǘŜŘ ǿƻǳƭŘ ōŜ ƘŜƭǇŦǳƭ ǘƻ ŘŜƭƛǾŜǊ tw Ǿƛŀ ǘŜƭŜƘŜŀƭǘƘ ƛƴ b½ όƴҐнтύ 

Resources  n (%) 

NZ specific exercise and education videos 

Televised PR programme 

National telerehabilitation service 

Text messaging programme 

Mobile PR App 

Other ς written material which could be supported with telephone calls. 

 19 (70.3) 

 17 (62.9) 

 13 (48.1) 

 11 (40.7) 

 10 (37.0) 

 1 (3.7) 

Note. PR = Pulmonary Rehabilitation 

2.5 Discussion 

This study has provided valuable information on the provision of PR services in 

Aotearoa NZ, updating knowledge gained from a previous national PR survey (Levack 

et al., 2012). Importantly, the study offered an opportunity to examine the impact of 

COVID-19 on service provision and how PR services adapted to the national restrictions 

and the perceived importance of maintaining this momentum in advancing the 

flexibility of PR service delivery.  

2.5.1 Characteristics of PR in NZ  

The main findings from Survey 1 showed that PR programmes demonstrate 

considerable homogeneity in their organisational aspects; they are largely funded by 

the public health system, delivered by a multidisciplinary team of healthcare 

professionals, with most programmes including people across a range of chronic 

respiratory conditions. The content of PR programmes was also consistent across the 

regions and, importantly, mirrors best practice guidelines (Alison et al., 2017; Bolton et 

al., 2013). The British Thoracic Society (BTS) PR guidelines (Bolton et al., 2013) 
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recommend services complete an annual review of individual outcomes and progress, 

yet our survey found this was not completed in 53% of NZ PR services. Developing a 

framework for a national audit programme similar to the UK programme (Steiner et al., 

2015b) may assist smaller services to meet this recommendation and provide valuable 

information on service provision across NZ.  

Provision of evidence-based PR is only part of the picture. Ensuring participants attend 

and complete the intervention is challenging (Candy et al., 2020a). Contributing factors 

have previously been identified that relate to both patient characteristics and how the 

service is delivered (Candy et al., 2020a; Cox et al., 2017; Harrison et al., 2015; Keating 

et al., 2011; Stone et al., 2021). The current study showed NZ PR services have 

responded to some of the known barriers with the setting of PR services moving away 

from hospital outpatient settings and into community settings; currently 52.7% of PR 

programmes are in hospital outpatient clinics compared to 71% in 2009 (Levack et al., 

2012). NZ has one of the highest rates of community-based programmes in the world 

following Ireland, where 65% of programmes are in community venues (Desveaux et 

al., 2015). Community based programmes have been shown to achieve equivalent 

health outcomes to hospital outpatient services if delivered with a consistent format 

(Alison et al., 2017). The increase in community-based services in NZ is an important 

initiative to make programmes more accessible to participants and overcome barriers 

associated with travel and transport. In addition, the move to community centres with 

cultural importance, such as marae and church facilities demonstrate novel ways to 

improve engagement through making programmes more culturally engaging and 

meaningful to participants. Ethnicity is an important predictor of non-completion of PR 

(Candy et al., 2020a; Steiner et al., 2015a) and strategies which have been shown to 

assist with engagement include the setting for PR (Levack et al., 2016; Meharg et al., 

2020), the staff delivering rehabilitation services (Hamilton et al., 2016; Levack et al., 

2016) the use of interpreters (Jacobs et al., 2001). Survey 1 demonstrated PR services 

in NZ are working towards improving cultural participation through a variety of these 

strategies.  

Whilst patient barriers to uptake may have been considered, there remain several 

organisational and structural components of PR in NZ which may potentially contribute 

to the poor uptake and completion of PR. Most services offered only one location for 
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PR, and operated only during work hours, limiting access for people who may be 

unable to attend during the day. The block style programmes were utilised by nearly 

70% of the respondents, and whilst these programmes have been shown to be 

associated with improved completion rates (Stone et al., 2021) they can also be 

associated with a longer waiting time to start PR. Waiting time to commencement of 

PR is reported as a predictor of uptake (Marks, 2013) with people waiting longer than 

90 days being less likely to complete PR (Stone et al., 2021). The length of waiting time 

is also an important consideration for people following an acute exacerbation who are 

recommended to start PR promptly following discharge from hospital (Puhan et al., 

2016). Survey 1 found that there were waiting lists for most PR services in NZ, which 

increased following the COVID-19 restrictions. Services should examine their 

population needs in order to determine the optimal structure to balance uptake and 

completion rates. 

Survey 1 found the number of PR services in NZ offering home-based rehabilitation 

was low. Clinical guidelines recommend home based PR, with regular contact, should 

be offered as an alternative to hospital-based PR (Alison et al., 2017), however it is 

estimated that this is offered in less than 5% of centres worldwide (Spruit et al., 2014) 

with Survey 1 echoing this finding in NZ. Emerging models to support home-based 

rehabilitation have been trialled internationally, including telephone support (Holland 

et al., 2017), videoconferencing (Stickland et al., 2011; Tsai et al., 2017) and web and 

mobile-based applications (Bourne et al., 2017; Chaplin et al., 2017; Park et al., 2020a; 

Whittaker et al., 2021) and have shown promising results. For the purposes of these 

surveys, home based rehabilitation was defined as PR delivered within the 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƘƻƳŜΣ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ǎǳǇŜǊǾƛǎƛƻƴ ŀƴŘ ǘŜƭŜǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎ 

delivering PR at a distance using information and communication technology (Cox, 

McDonald, Hill, et al., 2018). Survey 1 found four services in NZ were using home-

based rehabilitation but no services in NZ were using telerehabilitation as a mode of 

delivery for home-based PR services prior to COVID emerging in NZ.  

2.5.2 Impact of COVID 19 restrictions on PR services 

Survey 2 showed the challenge of accessing PR services was intensified with the 

implementation of national restrictions in response to the COVID-19 pandemic. During 

this time, centre-based programmes were suspended, and delivery of PR services 
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needed to be taken to the participant in new and novel ways. Considering the low 

number of services offering home-based rehabilitation prior to COVID 19 lockdown, it 

is perhaps understandable that many services were unable to transition to new models 

of delivery and instead ceased services during this time. Of the services identified as 

offering home-based rehabilitation in Survey 1 (n=4), all continued to operate during 

COVID restrictions.  

Of the respondents who continued to provide PR throughout the lockdown periods (n= 

16; 59.2%), the most frequently used PR delivery modality was the telephone. 

Respondents reported the low digital literacy and access to devices for participants as 

one of the most challenging aspects of trying to deliver alternative PR services. Digital 

access and literacy has previously been reported as a potential barrier to remote 

delivery of PR in a NZ study investigating the potential for the development of 

technology-based PR programme (Dobson et al., 2019). Previous reports in NZ have 

shown digital exclusion can occur across all age demographics but is particularly 

ǇǊŜǾŀƭŜƴǘ ƛƴ aņƻǊƛ ŀƴŘ tŀŎƛŦƛŎ ǇŜƻǇƭŜ (Bureau, 2020) where lower access to PR 

programmes and poorer outcomes from chronic respiratory conditions are seen (Telfar 

et al., 2015a). Furthermore, international audits have shown associations between 

deprivation and participation in PR with people from lowest socioeconomic status 

having lower odds of receiving PR (Spitzer et al., 2019) and reduced rates of 

completing PR (Candy et al., 2020a; Steiner et al., 2015a). An Australian survey 

investigated computer and internet access in patients admitted to hospital with COPD 

in an area of high poverty and found only 16% of patients had computer and 14% had 

internet access (Granger et al., 2018). It is therefore vital that the development of 

alternative delivery methods for PR ensures they do not further increase inequities.  

Other challenges identified in this study involved the extra staffing time required in 

setting up and delivering alternative programmes, such as telerehabilitation. Almost all 

respondents reported having access to national resources would have assisted them in 

continuing to deliver PR services during the lockdown period. There are currently no 

evidence-based guidelines for alternative delivery methods of PR to guide clinicians. 

The development of NZ tailored and robustly tested resources for alternative methods 

of delivering PR could be helpful, in overcoming known barriers to accessing traditional 

centre-based services and by allowing rapid response to future pandemics.  
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2.6 Limitations 

While every effort was made to ensure all PR programmes in NZ were identified and 

included in the study, there is a possibility a programme may have been missed. 

Strength of Survey 1 was the high response rate; however, this was lower than 

expected for Survey 2 impacting the results and may reflect the business of clinicians 

during the lockdown periods. Another limitation of the current surveys is that we are 

unable to determine capacity of PR programmes across NZ, nor estimate the uptake of 

PR services for people with COPD. Neither did this survey aim to look at discrepancies 

regarding availability of PR services across different communities, ethnicities, or socio-

economic status. We realise this may influence the uptake and adherence to PR and 

warrants further investigation. In future, this information may be beneficial in 

understanding the discrepancy between PR service referrals, uptake, and completion. 

2.7 Conclusion 

Our study has provided important information on the structure, content, and 

organisation of PR services in NZ, and how services responded to COVID-19 lockdown 

restrictions. The surveys highlighted several factors which limit widespread access to 

PR services in NZ and has demonstrated the potential and necessity to expand and 

adapt current services provision. PR services need to increase flexibility in the delivery 

options for participants, including timing, venues, and modes of delivery of PR. 

COVID-19 restrictions imposed in 2020 provided an unprecedented opportunity to 

compare how services-initiated adaptations to the pandemic in NZ. Our surveys 

demonstrated that the number of home-based PR services tripled during COVID-19 

restrictions, and how tele-rehabilitation programmes emerged around the country as a 

result. This demonstrates different models of PR can be delivered in NZ and shows the 

ability of services to be flexible in their provision of PR and to respond and rapidly 

adapt, but we need to maintain this momentum. 

Moving forward increasing the capacity and diversity of PR options is essential to 

address the lack of access to programmes in NZ. But it is essential that these services 

are designed with key stakeholders to ensure they are accessible and engaging for all 

participants and do not increase existing disparities. Consideration in the design of 

services must be given to digital divide, equity, and culturally engaging models. Finally 



 

29 

ensuring new models of care still adhere to best practice guidelines and are safe and 

effective is essential. 

End of published paper. 

 

 

2.10    Chapter Summary 

The data collected from the National surveys  provides valuable information for the 

development of an mHealth programme.  Prior to the COVID-19 restrictions 

organisational barriers impacted  the reach of PR services, including the time, location 

and type of services offered. Many PR services were able to pivot to  telerehabilitation 

options during national restrictions, but these telerehabilitation services were not able 

to provide all the essential components of PR , particularly  the components of 

assessment and the healthcare professionals being trained  to deliver PR in the format 

provided.  Additionally, services reported  increased numbers of patients waiting for 

PR in 14/28 (50%) of the  programmes and 17/28 of the programmes reported longer 

waiting times, reinforcing the need for increasing service provision of PR.
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 Factors which influence participation in telerehabilitation ς A scoping 

review of the literature 

3.1 Prelude to manuscript  

A scoping review of the literature was undertaken to identify the factors which influence 

participation in remotely delivered PR. This literature review aims to identify participant 

perceived barriers and enablers to undertaking remotely delivered PR programmes. This 

addresses the second research objective of this thesis: 

To identify factors which influence patient participation in telerehabilitation 

3.1.1 Contribution by the candidate 

The candidate, with ǎǳǇŜǊǾƛǎƻǊΩǎ guidance, developed the objective of the scoping review. 

The candidate designed and conducted the review including generating criteria and 

conducting the search. The candidate completed the data extraction and analysis, 

formulated the results, and wrote the chapter with ǎǳǇŜǊǾƛǎƻǊǎΩ guidance. 

Supporting documents 

Supporting documents for this chapter are contained in Appendix including the study 

protocol, search strategy used for the review, data extraction tables and PRISMA checklist.  

Publication 

This manuscript is to be published in the November issue of the New Zealand Journal of 

Physiotherapy. 
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3.2 Abstract 

Aim: 

This scoping review aims to investigate the evidence relating to factors that influence patient 

uptake and participation in remotely delivered pulmonary rehabilitation (PR). 

Introduction: 

Pulmonary Rehabilitation (PR) is a high-value intervention for people living with a chronic 

respiratory disease. Uptake and completion of PR remains low, and telerehabilitation 

provides an alternative model for remotely delivering PR, which may improve the reach of 

this intervention. Whilst telerehabilitation is safe and likely equivalent to centre-based PR, 

little is known about the barriers to participation in telerehabilitation to date. This scoping 

review aims to better understand the factors that influence perception of and participation 

in telerehabilitation for people living with a chronic respiratory disease. 

 

Methods:  

Scopus, MEDLINE, and CINAHL were searched from July 27 to November 23, 2022. Articles 

were screened, and those fulfilling inclusion criteria were extracted to a standard template. 

Extracted data were analysed using narrative synthesis. 

 

Results:  

Twenty seven studies met the inclusion criteria. People living with a chronic respiratory 

disease perceive telerehabilitation to be convenient and flexible, but technically challenging 

and lacking in contact with clinicians and peer support. The experiences from a small 

number of people who have participated in these programmes counter this with praise for 

the therapeutic relationship they developed with their clinician and the social support they 

received. 

Keywords 

Pulmonary rehabilitation, telerehabilitation, mHealth, chronic respiratory disorders, barriers, 

uptake, participation, perspectives 



 

32 

3.3 Introduction 

Pulmonary rehabilitation (PR) is a highly effective intervention in the management of chronic 

respiratory disorders (CRD). Despite the overwhelming evidence to support its effectiveness 

(McCarthy et al., 2015) uptake and completion of PR worldwide is low with 8 - 50% of those 

referred never attending. Of those who do start PR, 10-32% do not complete the 

intervention (Keating et al., 2011). Barriers to attendance and completion have been widely 

investigated and include transport and travel (Fan et al., 2008), socioeconomic (Johnston & 

Williams, 2017) , marital and social status (Young et al., 1999) and ethnicity (Candy et al., 

2020b; Spitzer et al., 2020). PR delivered remotely through technology has been proposed to 

improve access to care and may reduce the burden of attending centre-based programmes.  

There are many different models for delivering pulmonary telerehabilitation, including 

telephone, video conferencing and mobile/web-based applications (Bourne et al., 2017; 

Chaplin et al., 2017; Cox, McDonald, Alison, et al., 2018; Hansen et al., 2020; Holland et al., 

2017; Tsai et al., 2017), some of which are synchronous (real time) and some asynchronous. 

A growing body of evidence evaluates some of these different models, including a recent 

Cochrane review by Cox et al. (2021), which has shown that these telerehabilitation 

interventions are likely to be as safe and effective as traditional centre-based PR, however, 

the small number of studies, low sample sizes and methodological heterogeneity make this a 

cautious conclusion (Cox et al., 2021). Whilst telerehabilitation interventions have shown 

promising results, this form of PR has yet to be widely implemented in clinical practise in NZ 

(Candy et al., 2022). Studies involving telerehabilitation have reported challenges in 

recruiting participants as high numbers decline due, reportedly, to an intervention 

preference for in person PR (Holland et al., 2017). There is a lack of information regarding 

which, if any, patients prefer telerehabilitation and different delivery modes.  

Prior to this scoping review, we conducted a preliminary search of MEDLINE and the 

Cochrane Database of Systematic Reviews to determine the extent of the evidence regarding 

factors influencing participation in telerehabilitation, and no current systematic reviews or 

scoping reviews were identified. A scoping review was determined as necessary to be 

undertaken as telerehabilitation is an emerging field in PR. To provide information on the 

barriers to uptake, the perception of, and participation in remotely delivered PR, a range of 

information sources were determined to be required. Scoping reviews allow consideration of 

a range of research evidence, including qualitative and non-clinical trial data, and allows 
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summation of all existing data. This scoping review aimed to explore the factors impacting 

participation in PR telerehabilitation. 

 

3.3.1 Review questions 

The scoping review will address three questions from available literature: 

1.  What factors influence the uptake of PR delivered via telerehabilitation? 

2. What are patient perceptions towards telerehabilitation? 

3. What were patientΩǎ experiences of participating in telerehabilitation? 

3.4 Methods 

The scoping review follows the steps detailed in the Joanna Briggs Institute manual for 

conducting scoping reviews (Tricco et al., 2018). A protocol was developed prior to 

undertaking the review (see Appendix H). An experienced librarian gave guidance on the 

search strategy. 

Eligibility criteria 

Due to the contemporary nature of telerehabilitation interventions, studies published from 

01/01/2011 were included. Only studies published in English were included. 

Participants 

Adults (>18 years) living with a CRD who are eligible for referral to PR (according to 

Australian and NZ PR Guidelines (Alison et al., 2017)) including: COPD, ILD, asthma, 

bronchiectasis, pre and post lung surgery. 

Concept 

Studies involving PR (as defined by the American Thoracic Society (ATS)/European 

Respiratory Society (ERS)) (Martijn A. Spruit et al., 2013), remotely delivered in the home via 

technology (telerehabilitation). The technology includes but is not limited to telephone, 

video conferencing (VC) and web-based interventions.  
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Context 

What factors impact willingness to participate in home-based telerehabilitation. Perceptions 

toward participation and end-user experience were included. 

Types of Sources 

This scoping review included quantitative, qualitative studies and mixed method designs. 

Grey literature was also included. The search strategy aimed to locate both published and 

unpublished studies. 

3.4.1 Search strategy 

An initial search of MEDLINE was undertaken to identify potential keywords for the full 

search strategy. The key words contained in the titles and abstracts of potentially relevant 

studies were used to develop a full search strategy for Scopus, MEDLINE and CINAHL. The 

search strategy was adapted for each included database (see Appendix I). The reference list 

of all included sources of evidence was screened for any additional studies not identified by 

the initial search.  

Screening, data extraction and synthesis 

All identified citations were uploaded into EndNote 20.4 and duplicates removed. Titles (and 

abstracts where available) were screened for assessment against the inclusion criteria by the 

primary author. All relevant sources were retrieved in full, and their citation details imported 

into excel. The full text of selected citations was assessed to determine if they met the 

inclusion criteria. 

Data were extracted from the papers ultimately included in the scoping review using a 

standard data extraction tool (Pollock et al., 2023) which included author, date, country, 

study design, participant characteristics, PR concept, and outcomes of interest. Data was 

analysed in alignment with the research questions:  

1. rates of uptake of telerehabilitation in studies,  

2. the patient perception of telerehabilitation (including willingness to participate), 

3. the patient experience of participating in telerehabilitation.  
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Quantitative and qualitative data syntheses were undertaken. The quantitative data 

included counts of studies reporting uptake of remote PR. The number of participants 

declining participation was converted to rates and percentages, and where possible counts 

of reasons for declining across the studies were collated. Qualitative analysis included 

descriptions of studies and delivery methods used. Themes relating to barriers and enablers 

derived from the qualitative studies have been reported through narrative synthesis (Lisy & 

Porritt, 2016). Data was first analysed by organising the studies based on the research 

question they addressed. Data was extracted by reading and collating the stated themes and 

subthemes, along with recording descriptions of themes with supporting quotes. The studies 

were then re-read to identify any other concepts or potential themes that may arise across 

the studies. Similar themes were grouped together by SC and then discussed and refined by 

JR and DT until consensus on final themes was reached. Final themes were grouped and 

reported as barriers and enablers to participation.  

 

Results  

The initial search yielded a total of 490 potentially relevant papers. When duplicates were 

removed and titles/abstracts screened, 39 full papers were retrieved, of which 27 were 

included in the final analysis. A flow chart detailing the flow of included and excluded studies 

can be seen in Figure 4. 



 

36 

Figure 4 

Flow Diagram of studies included in scoping review 

 

 

Included studies 

The review included 27 studies involving 2094 participants with sample sizes ranging from 10 

ς 254. The mean age of participants in the studies ranged from 54 to 73 years, and 48% of 

the participants across all the studies were female. Studies included people living with COPD 

(n = 19), or CRD (n =7), and one study did not specify. Three different methods of remotely 

delivered home-based telerehabilitation were detailed in the studies: telephone support 

(n=2), supervised group exercise and education using VC facilities (n=11) and web-based 

programmes (n =11). A combination of differing modes of technology was described in two 

studies, and a further study did not describe the method of delivering telerehabilitation. The 

design of included studies was: eight randomised control trials, seven non-randomized trials 

(RCT), four survey design and eight mixed methods studies (survey and interviews). The 

characteristics of the included studies can be seen in Table 8. 
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Table 8 

Characteristics of studies included in the review 

Author 
(year) 

Country Study Design Participants, n, 
diagnosis, age (SD), sex 

PR Concept Reports 
Uptake 
Data 

Reports 
Intent / 
willingness 
 

Report 
barriers 

Report 
enablers 

Almojaibel 
(2021) 

USA Survey 134 diagnosis not stated 
66 (10.7) years  
Female 50% 

Willingness to 
participate in 
telerehabilitation 

No Yes Yes Yes 

Alwashmi 
(2020) 

Canada Mixed methods 
Survey + interviews 

77 COPD 
65 years  
Female 60% 

Perceptions of 
Web-based PR 

No No Yes Yes 

Bairapareddy 
(2021) 

India Survey 30 COPD 
54 (12) years  
Female 20% 

Perceptions of 
Web-based PR 

No Yes No No 

Benzo (2021) USA RCT + interviews 78 COPD 
69 (8.1) years 
Female 53% 

Participated in 
Web-based + 
telephone calls 

Yes No Yes Yes 

Bourne 
(2017) 

UK RCT 90 COPD 
70 (8.6) years 
Female 35% 

Web-based V 
centre-based 

Yes No No No 

Burkow 
(2015) 

Norway Mixed methods: 
Survey + interview 

10 COPD 
62 years 
Female 50% 

Participated in 
VC + phone calls 

No No Yes Yes 

Cerdan-De-
Las-Heras 
(2022) 

Denmark RCT 54 COPD 
67 (10.2) years 
Female 43% 

Web-based Vs 
centre-based 

Yes No Yes No 

Chaplin 
(2017) 
 

UK RCT 103 COPD 
66 (8.1) years 
Female 31% 

Web-based Vs 
centre-based 

Yes Yes Yes No 
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Author 
(year) 

Country Study Design Participants, n, 
diagnosis, age (SD), sex 

PR Concept Reports 
Uptake 
Data 

Reports 
Intent / 
willingness 
 

Report 
barriers 

Report 
enablers 

Cox (2021) Australia RCT 142 COPD 
68 (9) years 
Female 56% 

VC Vs centre-
based 

Yes No Yes No 

Dobson 
(2019) 

NZ Mixed methods -
Survey & interview 

30 CRD 
73% > 65 years 
Female 43% 

Perceptions of 
Web-based PR 

No No Yes Yes 

Grosbois 
(2021) 

France Retrospective audit 105 CRD 
63 years 
Female N/A 

Telephone or VC 
Vs no PR (COVID-
19) 

Yes No Yes No 

Hansen 
(2020) 

Denmark RCT 134 COPD 
68 (9) years 
Female 55% 

VC Vs centre-
based 

Yes No Yes No 

Hoaas (2016) Norway Survey + focus group 10 COPD 
55 years 
Female 50% 

Participated in 
VC PR 

No No Yes Yes 

Holland 
(2017) 

Australia RCT 166 COPD 
69 (13) years 
Female 40% 

Telephone Vs 
Centre-based 

Yes No Yes No 

Houchen-
Wolloff 
(2021) 

UK Feasibility 
Non-randomised + 
interviews for select 
sample 

100 COPD (AE) 
(n=14 interviewed) 
71 (9.3) years 
Females 45% 

Web-based Vs 
no PR 

Yes Yes Yes Yes 

Inskip (2018) Canada Survey & Focus 
groups  

26 CRD 
71 years  
Female 50% 
 
 

Perceptions of 
telerehabilitation 

No No Yes Yes 
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Author 
(year) 

Country Study Design Participants, n, 
diagnosis, age (SD), sex 

PR Concept Reports 
Uptake 
Data 

Reports 
Intent / 
willingness 
 

Report 
barriers 

Report 
enablers 

Lahham 
(2018 

Australia Semi structured 
interviews 

13 COPD 

66 years 

Female 77% 

Telephone No No Yes Yes 

Lewis (2021) UK Service evaluation 17 CRD 
69 (11) years 
Female 50% 

VC + telephone 
call 

Yes No Yes Yes 

Marquis 
(2015) 

Canada Observational study 26 COPD 
65 (7) years 
Female 58% 

VC Yes Yes No No 

Nolan (2019) UK Non-randomized trial 154 COPD 
71 (9) years 
Female 52% 

Telephone calls Yes Yes No No 

Polgar (2022) UK Survey (x 2) 99 + 101 CRD 
74 years  
Female 47% 

Perceptions of 
Web-based PR 

No Yes Yes No 

Seidman 
(2017) 

Australia Survey  254 CRD 
73(10) years  
Female 59% 

Perceptions of 
VC delivered PR 

No Yes Yes Yes 

Simony 
(2019) 

Denmark Non-empirical 15 COPD 
62 years 
Female 47% 

VC Yes No Yes yes 

Skibdal 
(2022) 

Denmark Mixed methods 
Survey & interviews 

84 COPD survey,  
9 COPD int. 
70 (9) years  
Female 53% 

Perceptions of 
VC, telephone, 
or text messages 

No No Yes yes 
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Author 
(year) 

Country Study Design Participants, n, 
diagnosis, age (SD), sex 

PR Concept Reports 
Uptake 
Data 

Reports 
Intent / 
willingness 
 

Report 
barriers 

Report 
enablers 

Tsai (2017) Australia RCT 37 COPD 
73 (8) years 
Female 50% 
 
 

VC Vs centre-
based 

Yes No No No 

Tsai (2016) Australia Survey + Interview 11 COPD 
72 year 
Female 36% 

Participated in 
VC PR 

No No Yes Yes 

Whittaker 
(2021) 

NZ Feasibility study 26 CRD 
70 years 
Female 50% 

Participated in 
web-based PR 

No No Yes Yes 

Note. AE= acute exacerbation, CRD = chronic respiratory disease, COPD = chronic obstructive pulmonary disease, VC = videoconferencing, RCT = randomised control 

trial, UK= United Kingdom, NZ= New Zealand. Vs = versus,  

Data are presented as mean (SD) or n or (%) unless otherwise stated. 
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3.4.2 Uptake of Telerehabilitation 

Data on the uptake rate of telerehabilitation was extracted from both RCTs and non-

randomised clinical trials but pooled separately. The reasons why participants did not 

participate is not clearly defined in all studies and studies used different 

methodologies for recruitment making direct comparison limited. 

Randomised Control Trials 

A total of 3289 participants from eight RCTs were screened for inclusion in the RCTS, of 

which 2399 (73%) were either deemed ineligible or declined uptake (Table 9). In the 

seven studies that documented the number of patients who declined, six studies 

documented the reasons for declining. Five studies reported excluding between 4 ς 

26% of the participants screened due to patients stated preference for centre-based 

rehabilitation and declining participation (Chaplin et al., 2017; Cox, McDonald, Alison, 

et al., 2018; Hansen et al., 2020; Holland et al., 2017; Tsai et al., 2017). Other reported 

reasons for declining telerehabilitation included lack of digital competence, not having 

a suitable home environment or the perceived time commitment. 

Table 9 

Number of participants screened, excluded or declined in randomised control trials of 

telerehabilitation 

Author (date) # Screened  # Excluded # Declined 

Bourne et al (2017) 163 73 n/a 

Cerdan-De-Las-Heras et al 
(2022) 

95 20 21 

Chaplin et al (2017) 641 244 294 

Cox et al (2021) 651 499 246 

Hansen et al (2020) 1099 714 251 

Holland et al (2017) 295 129 67 

Tsai et al (2017) 128 91 40 

Benzo et al (2021) 217 63 33 
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Non-randomized studies 

Six observational studies were identified offering telerehabilitation to participants 

under different circumstances: 

1. during the COVID pandemic when centre-based were closed (Grosbois et al., 

2021; Lewis et al., 2021),  

2. to bridge the gap to centre-based PR for patients with an acute exacerbation of 

COPD (Houchen-Wolloff et al., 2021),  

3. while on PR waiting lists (Marquis et al., 2015; Simonÿ et al., 2019)  

Across the included non-randomised studies, between 12 to 95% of the patients 

screened declined participation (Table 10). Three of the studies reported reasons for 

decline and these are included in Table 11.  

Table 10 

Uptake of telerehabilitation in observational studies 

Author (date) # Screened # Uptake (% Uptake) 

Grosbois et al (2021) 65 57 (88%) 

Houchen-Wolloff et al (2021) 2080 100 (5%) 

Lewis et al (2021) 30 17 (57%) 

Marquis et al (2015) 77 26 (37%) 

Simony et al (2019) 28 15 (54%) 

Nolan et al (2019) 1593 154 (10%) 

  

Intention to participate in telerehabilitation 

The intent or willingness of people living with a CRD to participate in telerehabilitation 

was explored in four studies (Almojaibel et al., 2020; Polgar et al., 2022; Seidman et al., 

2017; Skibdal et al., 2022). Three studies surveyed current centre-based PR 

participants (Almojaibel et al., 2020; Polgar et al., 2022; Seidman et al., 2017) and one 

study surveyed participants after declining centre-based PR (Skibdal et al., 2022). 

Studies found those who wished to engage with telerehabilitation, perceived 

telerehabilitation would result in clinical benefits (Almojaibel, 2016), had a higher 

education level (Seidman et al., 2017) and had greater familiarity with, and access to, 

digital devices (Seidman et al., 2017; Skibdal et al., 2022). The observation studies used 
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different methodologies to define and describe the telerehabilitation intervention to 

participants which may have impacted the patient perception.  

Participant preference 

Two studies reported on the patient preference for how PR is delivered. Nolan et al. 

(2019) reported only 10% of participants opted for home-based PR when given the 

option of centre-based PR or home-based PR with weekly telephone calls. Chaplin et 

al. (2017) conducted a RCT comparing centre-based with web-based PR, but surveyed 

consented participants on their preference of centre-based or web-based PR prior to 

group randomisation; 38% stated a preference for the web-based PR intervention 

(Chaplin et al., 2017). 

3.4.3 The patient perception of telerehabilitation 

Data regarding patientsΩ perception of telerehabilitation was gathered from people 

who had a range of prior experience and knowledge of centre-based PR; some had or 

were attending centre-based PR (Bairapareddy et al., 2021; Dobson et al., 2019; Inskip 

et al., 2018; Seidman et al., 2017), had been referred to PR (Polgar et al., 2022) or had 

declined PR (Dobson et al., 2019; Inskip et al., 2018; Skibdal et al., 2022). One study did 

ƴƻǘ ǎǘŀǘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǇǊƛƻǊ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ŎŜƴǘǊŜ-based PR (Alwashmi et al., 2020b). 

None of the participants in any of the studies had prior experience with 

telerehabilitation. 

Data were collated from five studies employing surveys, patient interviews and focus 

groups. Participants in all the studies perceived telerehabilitation to be less onerous 

than centre-based PR with reduced time, travel, and financial burden. Synthesis of 

these studies identified several factors which appear to play a role in influencing the 

patient perception of telerehabilitation. These factors have been described as barriers 

and enablers and are discussed below. 

Perceived barriers to participation in telerehabilitation 

Technical competence 

Technical competence was reported by all studies as a perceived barrier to 

telerehabilitation with up to 39% of participants reporting they believed they would 

not have the necessary technical skills to partake in telerehabilitation (Alwashmi et al., 
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2020b; Bairapareddy et al., 2021; Dobson et al., 2019; Inskip et al., 2018; Polgar et al., 

2022). Age and education level were shown to be associated with technical confidence 

(Seidman et al., 2017; Skibdal et al., 2022).  

Device and data access 

An inability to access the required digital device and/or limited data access was 

reported as a perceived barrier to telerehabilitation (Alwashmi et al., 2020b; 

Bairapareddy et al., 2021; Dobson et al., 2019; Polgar et al., 2022; Seidman et al., 

2017). Four studies explored device access and found that the most ubiquitous device 

was a mobile phone, with ownership rates between 73% and 88% of the cohorts 

sampled (Almojaibel, 2016; Alwashmi et al., 2020b; Dobson et al., 2019; Seidman et al., 

2017). However, the same study showed smartphone ownership rates were reported 

between 23 ς 66%, with many participants reporting limited functional device ability. 

Two studies explored predictors of access to a device, and both found that smartphone 

ownership (like technical competence) was directly related to education level defined 

as beyond high school (Alwashmi et al., 2020b; Seidman et al., 2017). In an 

implementation study conducted during the COVID-19 pandemic, 75% of the 

participants who transitioned to remotely delivered PR could not participate in VC 

classes due to lack of device access, and could only receive telephone support 

(Grosbois et al., 2021).  

Supervision and contact with HCP 

The concept of direct contact with a clinician was discussed in seven reviewed studies 

(Alwashmi et al., 2020b; Bairapareddy et al., 2021; Dobson et al., 2019; Inskip et al., 

2018; Polgar et al., 2022; Seidman et al., 2017; Skibdal et al., 2022). In three studies, 

participants reported a lack of supervision or contact with a clinician as a potential 

downside of telerehabilitation (Dobson et al., 2019; Seidman et al., 2017; Skibdal et al., 

2022). Survey participants reported that whilst telerehabilitation might offer a more 

convenient way of communicating with their clinician, they thought the clinician may 

lack a good understanding of their condition (Bairapareddy et al., 2021) or would 

ǇǊŜŦŜǊ Ψƛƴ-ǇŜǊǎƻƴΩ contact with a physiotherapist (Seidman et al., 2017). 
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Peer support 

Studies found that peer support and social connections were considered important 

components of centre-based PR, with the potential lack of peer support perceived a 

barrier to telerehabilitation for many participants (Dobson et al., 2019; Inskip et al., 

2018; Seidman et al., 2017; Skibdal et al., 2022). Pulmonary telerehabilitation delivered 

through group-based VC delivered sessions may minimise this barrier by allowing for 

sharing experiences of living with COPD (Skibdal et al., 2022). 

Other barriers 

The length of time a participant has lived with their CRD and the degree of symptom 

burden were identified as perceived barriers to participation (Almojaibel, 2016; Skibdal 

et al., 2022). These studies suggested that greater the duration and severity of the 

disease, the greater the perception of no benefit from telerehabilitation PR.  

Language was reported as a potential barrier to participation in telerehabilitation, with 

the option of the intervention being delivered in other languages required in order to 

partake (Bairapareddy et al., 2021; Dobson et al., 2019; Houchen-Wolloff et al., 2021). 

In addition to these barriers, participants also reported caution around the security 

and privacy of data transmitted through technology potentially impacting their 

participation (Alwashmi et al., 2020b; Bairapareddy et al., 2021; Dobson et al., 2019).  

Perceived enablers to participation in telerehabilitation 

Factors which were perceived to positively influence uptake of telerehabilitation were 

less commonly reported in the literature, however, understanding the benefits gained 

and the perceived usefulness of remote PR was shown to impact willingness to 

participate (Almojaibel et al., 2021; Alwashmi et al., 2020b; Skibdal et al., 2022). 

Components participants wished to see included in telerehabilitation programmes 

have been reported and include regular communication with a clinician (Bairapareddy 

et al., 2021; Skibdal et al., 2022), and monitoring and feedback on their rehabilitation 

performance (Dobson et al., 2019; Inskip et al., 2018). The perceived barriers and 

enablers to participating in telerehabilitation have been summarised in Table 11.
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Table 11 

Barriers and enablers to uptake of telerehabilitation in studies 
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3.4.4 Experiences of participation in telerehabilitation 

Eight studies explored the patient experience of participating in telerehabilitation. 

Data were collected through interviews (Benzo et al., 2021; Burkow et al., 2018b; 

Houchen-Wolloff et al., 2021; Lahham et al., 2018a; Tsai et al., 2016; Whittaker et al., 

2021), focus group (Hoaas et al., 2016) and questionnaires (Benzo et al., 2021; Hoaas 

et al., 2016; Tsai et al., 2016). The models of delivery of PR used were; telephone calls 

(Lahham et al., 2018b), videoconferencing (Benzo et al., 2021; Burkow et al., 2015; 

Hoaas et al., 2016; Simonÿ et al., 2019; Tsai et al., 2016)and web-based models 

(Houchen-Wolloff et al., 2021; Whittaker et al., 2021). The web-based models allowed 

participants to complete PR independently at a time convenient to them, and allowed 

patient initiated interactions with clinicians, with one of the programmes offering 

individual VC consultations with a clinician (Houchen-Wolloff et al., 2021). 178 

participants across eight studies reported their experiences of participating in 

telerehabilitation, with study sample sizes ranging from 10 to 78 participants. The 

mean ages of participants ranged from 55 to 69 years and 52% of participants across 

the studies were female. Some participants had previously attended centre-based PR 

and others had never attended centre-based PR. Two studies included participants 

who started but did not complete telerehabilitation. In nearly all the studies exploring 

participation in telerehabilitation (n=7/8), the technical equipment was provided for 

participants, with the remaining study requiring participants to use their own device 

(Whittaker et al., 2021). See Table 12 for characteristics of studies included.  
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Table 12 

Characteristics of studies exploring the participant experiences with remotely delivered PR 
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Telerehabilitation participants across all studies reported health benefits from the 

intervention and high levels of acceptability and usability when taking part in 

telerehabilitation. The key themes emerging from the studies reporting ǇŀǊǘƛŎƛǇŀƴǘΩǎ 

experiences of being involved in telerehabilitation have been grouped as enablers and 

barriers. 

Enablers 

Communication with HCP 

Five of the eight studies reported positive experiences with the communication and 

support they experienced from the attending clinician whilst using telerehabilitation 

(Benzo et al., 2021; Burkow et al., 2018a; Hoaas et al., 2016; Lahham et al., 2018a; Tsai 

et al., 2016). This positive feedback was reported predominantly in programmes which 

included individual consultations (Burkow et al., 2018a; Hoaas et al., 2016; Lahham et 

al., 2018a) but also for one of the group VC programmes (Tsai et al., 2016). Clinician 

contact was reported to be associated with improved participation (Lahham et al., 

2018a) and increased health benefits (Tsai et al., 2016). The regular clinician contacts 

reportedly facilitated complete and safe completion of the programme (Hoaas et al., 

2016). Two studies providing optional clinician consultations reported low rates of 

uptake of the consult (Bourne et al., 2017; Chaplin et al., 2017)which prompted the 

recommendation that these consultations should be scheduled and structured, rather 

than optional and patient led (Simonÿ et al., 2019). 

Feeling supported 

A theme of patients feeling supported with their health condition during 

telerehabilitation was reported in many of the studies. Participants reported support 

came from clinicians (Benzo et al., 2021), family and friends (Lahham et al., 2018a) 

(Whittaker et al., 2021), and other participants in VC-based programmes (Burkow et 

al., 2015). Group-based education sessions enabled sharing of ideas and challenges 

between participants (Burkow et al., 2015). One web-based study allowed family 

members to register for the programme along with the person living with a respiratory 

condition, resulting in important benefits for both the family and participant 

(Whittaker et al., 2021). The Whittaker et al (2021) study also used text messaging to 
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inform, encourage and support participants, and this messaging was perceived as 

being supportive by participants. 

Flexibility 

A frequently reported key enabler of participation in telerehabilitation was the 

flexibility it provided. It allowed those with daytime commitments, such as paid 

employment, to participate (Hoaas et al., 2016; Lahham et al., 2018a; Tsai et al., 2016; 

Whittaker et al., 2021). This flexibility in training time was an important component in 

allowing commitment to the exercise routine (Lahham et al., 2018a). 

Reduced burden 

Most participants across the studies reported a reduction in burden associated with 

telerehabilitation which allowed participation in PR without the expense of travel and 

parking (Lahham et al., 2018a; Tsai et al., 2016), and reduced the time and fatigue 

participants associated with travelling (Burkow et al., 2018a; Hoaas et al., 2016; Tsai et 

al., 2016). 

Monitoring and feedback 

Different tools for monitoring participants during telerehabilitation were described in 

studies. These included activity monitors to gather data on steps taken (Benzo et al., 

2021; Burkow et al., 2015; Lahham et al., 2018a; Whittaker et al., 2021), and providing 

pulse oximeters for data on peripheral oxygen saturations and heart rates. The data 

were monitored real-time via VC (Lewis et al., 2021; Tsai et al., 2016) or recorded in 

digital diaries (step count, observations, and symptoms) (Benzo et al., 2021; Burkow et 

al., 2015; Hoaas et al., 2016), and was available to both the participant and clinicians. 

Participants perceived the data differently; some report the data as motivational and 

providing a learning opportunity (Houchen-Wolloff et al., 2021) (Hoaas et al., 2016), 

while others did not wish to view their own data, but felt it was useful for their 

clinician (Burkow et al., 2015).  

Barriers to participation 

Whilst most of the feedback was positive, participants reported aspects which made 

engaging in telerehabilitation challenging. Commencing the telerehabilitation 

programme was found to be a particularly difficult time due to their prolonged 
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sedentary lifestyle (Lahham et al., 2018a), along with technical disruptions. Whilst 

most participants reported the digital equipment was generally easy to use, internet 

disruptions impacted participation (Tsai et al., 2016), and there were reports of stress 

when the VC technology did not work (Hoaas et al., 2016), or difficulty downloading 

and logging onto the app (Whittaker et al., 2021). One web-based application received 

feedback from participants that the programme was complex and technical challenges 

reduced their motivation or caused them to disengage entirely (Houchen-Wolloff et 

al., 2021).  

Participants provided feedback that more variation in the exercise programme would 

have been beneficial, and options for adapting exercises when they were having a bad 

day or pain or weather limited participation (Hoaas et al., 2016; Lahham et al., 2018a; 

Whittaker et al., 2021). The barriers and enablers to participating in telerehabilitation 

are summarised in Table 13. 
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Table 13 

Barriers and enablers experienced during participation in remotely delivered PR 
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Interaction with HCP         

Feeling Supported         

Usability of technology         

Flexibility         

Reduced burden         

Feedback         

Key 

Barriers 

 Enablers  

3.5 Discussion 

This scoping review has explored the literature on end-ǳǎŜǊΩǎ perceptions of 

telerehabilitation. This data informs our understanding of the barriers and enablers to 

telerehabilitation which are both anticipated and experienced by participants, and 

supports the need for future models to be developed through a process of co-design 

with potential end users to enhance the reach of PR.  

This review found limited literature reporting the uptake of telerehabilitation in the 

clinical setting. Many studies involved randomisation which dictates group allocation, 

and the studies frequently reports patient preference for centre-based rehabilitation 

as a reason for declining participation. It is acknowledged recruitment to these studies 

was frequently from PR waitlists, with patients having expectation of attending centre-

based PR. 
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The most frequently reported barrier to telerehabilitation was technical competence 

with the devices used to deliver telerehabilitation. Whilst this may change as 

technology becomes a more integral part of ǇŜƻǇƭŜΩǎ lives, the sequential surveys in 

the UK pre and post COVID have shown that despite the growing use of and 

confidence with technology, the appetite for telerehabilitation remains low and 

relatively unchanged (Polgar et al., 2020; Polgar et al., 2022). Competence with 

technology is associated with age, education level and device access (Seidman et al., 

2017; Skibdal et al., 2022), suggesting the possibility that providing telerehabilitation 

may widen the equity gap by promoting options that are not accessible to those who 

may need it the most. For example, a survey conducted in a UK inner city, high-poverty 

area showed only 16% of people admitted to a hospital with a COPD exacerbation had 

computer access and only 14% had internet access (Granger et al., 2018). A key feature 

of remote delivery is to reduce the burden associated with attending centre-based PR 

programme and developers must ensure that those for whom this may be useful are 

not disadvantaged by lack of access to devices. Access to mobile phones appears most 

common, however, these are not always smartphones and reports of internet data 

access are variable. Given the widespread ownership of mobile phones it is the ideal 

device for delivery of PR. 

Holland et al. (2021), recently suggested that the uptake of PR is influenced by 

perceptions of what participation in telerehabilitation might mean for people living 

with a CRD (Holland et al., 2021). For many participants, the perception of 

telerehabilitation is that it is technically challenging and beyond their digital skills. 

However, in participants who have completed telerehabilitation, technical challenges 

were retrospectively considered minor. Differing theoretical models consider the 

readiness to engage with technology and support these findings. For example, The 

Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh, 2022) 

model suggests the perceived likelihood of adopting the technology is dependent on 

the direct effect of four key constructs namely performance expectancy, effort 

expectancy, social influence, and facilitating conditions. The use of such models assist 

with understanding how we can facilitate uptake by employing strategies to assist 

participant to understand how the telerehabilitation programme works and the 

potential benefits to the participant. Many of the studies included in this review 
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provided both equipment and significant technology support, which may have 

positively influenced the participant experience. Ensuring the allocation of such 

resources in telerehabilitation programmes may be an essential part of successful 

implementation. Including training and support as an opt-out rather than opt-in model 

for telerehabilitation participants may enhance uptake and outcomes. 

Developing a therapeutic relationship with attending clinicians has been shown to be 

important to people living with a CRD. This review showed that a lack of supervision 

and direct contact with staff is a perceived barrier to participation in telerehabilitation. 

Studies of remotely delivered PR have used differing methodologies making it 

challenging to compare and identify optimal models for telerehabilitation, for example, 

some web-based models use ΨǎǘŀƴŘ-ŀƭƻƴŜΩ ƳƻŘŜƭǎ ǿƛǘƘ ƴƻ ǎŎƘŜŘǳƭŜŘ ŎƭƛƴƛŎƛŀƴ ŎƻƴǘŀŎǘ, 

whilst others use weekly telephone coaching and supervised group exercise and 

education models. Despite this, communications with clinicians were identified as an 

important facet of programmes by participants. Many studies report the remote 

communication as effective and as engaging as face-to-face (Benzo et al., 2021). It 

could be suggested participants have more individual and personalised communication 

with a clinician in telerehabilitation models than centre-based, where they are 

competing with other participants for attention. The optimal dose of clinician contact 

in telerehabilitation has not been determined, but future programmes should consider 

scheduled, structured consultations that may evolve over time with more support 

required at the start of the programme.  

An important part of PR is developing a support network. In centre-based PR this 

network is developed with peers at the programme. Studies reported concerns that 

telerehabilitation would not be able to provide the same peer support as centre-based 

(Dobson et al., 2019; Inskip et al., 2018). However, participants who completed 

telerehabilitation reported feeling supported in different ways to those in centre-

based PR. In remotely delivered group sessions using VC facilities, social support was 

reported as received through other participants in the programme (Burkow et al., 

2018a; Tsai et al., 2016). For telephone and web-based models this support was 

received from family and friends (Lahham et al., 2018a; Simonÿ et al., 2019; Whittaker 

et al., 2021), who often participated alongside the patient and became more aware of 
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the participantΩs condition and how to best provide support. In developing 

telerehabilitation models consideration of support networks is vital and allowing for 

inclusion of family members appears beneficial. 

Key points  

1. Providing information on expected benefits of telerehabilitation may improve 

ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǇŜǊŎŜǇǘƛƻƴ 

2. Provision of devices and data may allow increase inclusivity 

3. Technical support should be provided for all participants 

4. Provide regular scheduled clinician contact points 

3.6 Conclusion 

PR is an effective and essential component in CRD management. Whilst centre-based 

programmes have proven efficacy, they are not always accessible for all. 

Telerehabilitation can provide a flexible and convenient programme which can reduce 

the burden associated with accessing centre-based programme whilst still maintaining 

a supportive and motivating environment. 

Participants have preferences for how their healthcare is delivered. A range of delivery 

options is required to optimise the uptake and completion of PR. For some 

participants, concerns about digital competence, device access or lack of perceived 

benefit can restrict participation in digital options. Services should consider adequate 

resourcing for new models of telerehabilitation to be implemented to allow inclusivity 

for all participants and provide sufficient training and support to overcome technical 

challenges. Developing a therapeutic relationship appears critical to programme 

success and strategies to enable this, such as regularly scheduled clinician interactions, 

must be considered to optimise the success of such programmes.  
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 Development of an mHealth application for pulmonary rehabilitation  

4.1 Prelude to chapter 

This Chapter describes developing the content of an mHealth application for PR in NZ 

to increase the access to and uptake of PR. This chapter will address Objective 3 and 4 

of the theses: 

To develop the content for a NZ based mHealth PR programme, and  

to evaluate the content for a NZ based mHealth PR programme 

The chapter builds on the information gathered in Chapters 2 and 3. Chapter 2 

determined current PR service provision in NZ and an understanding of the content 

and organisation of PR across NZ. Chapter 3 identified potential barriers and enablers 

to uptake and participation in telerehabilitation. These chapters identified a need for a 

different model of PR, to increase the reach of PR. This, together with discussions with 

our stakeholders informed the content development of an mHealth PR programme for 

NZ which we called mPR. This development of this programme is described in this 

chapter.  

4.1.1 What was undertaken? 

The development of our mPR intervention involved a six-step process based on a 

framework previously described for developing and evaluating mHealth interventions 

(Whittaker et al., 2012) shown in Figure 5. 

Figure 5 

mPR Content Development and Evaluation Framework 

 
Note. Adapted from mHealth Development and Evaluation Framework (Whittaker et al., 2012) 

Part BPart A

Theoretical 
Foundations

Formative 
Study

mPR 1

Intervention 
Development

Feasibility 
Study

mPR 2

Intervention 
Development

Pre-testing

Preference 
Study
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Two of our previously published studies were embedded in the development of the 

mPR intervention. These were: 

¶ formative study investigating end-user perceptions of mHealth delivered PR 

(Dobson et al., 2019) (see Appendix L)  

¶ feasibility study investigating the usability of the first mPR V1 (Whittaker et al., 

2021) (see Appendix M).  

This chapter is divided into two parts: 

 Part A considers the theoretical underpinnings and the formative study 

(Dobson et al., 2019) and how these were used to create the inceptive mPR prototype. 

This was tested in the feasibility study. 

 Part B considers how mPR evolved following the results from the feasibility 

study (Whittaker et al., 2021), outlines the content refinement and the pre-testing of 

mPR V2. 

 

4.1.2 Contribution by candidate 

The candidate was involved in all stages of intervention development, from designing 

the intervention, developing the content for the mPR programme, and testing the 

protocols. Support was provided by PhD supervisors and the National Institute for 

Health Innovation (NIHI). The candidate led the two content development stages, 

designing the exercise and education modules. The candidate led the pre-testing phase 

with support from cultural experts. The candidate was involved with but did not lead 

the formative study (Dobson et al., 2019) or the feasibility study (Whittaker et al., 

2021). 

 

The candidate wishes to acknowledge the contribution of the following work 

presented in this chapter: 

1. mPR co-investigators and advisory group, 

2. the NIHI IT and project teams, in particular Cindy Chong and Taria Tane, 
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3. students at bioengineering school and Kelly Burrows, 

4.  the content reviewers, and the participants of feasibility and pretesting studies, 

and usability testing. 
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PART A -mPR V1 Development and evaluation 

 

The development process for mPR started with synthesising and evaluating the 

theoretical underpinnings to inform the content. This, and input from people who 

would benefit from PR, ensured a person-centred approach to the intervention design.  

4.2 Theoretical Foundations 

Three key theoretical frameworks formed the building blocks for the mPR intervention 

content; (see Figure 6). 

¶ PR clinical guidelines (Alison et al., 2017; Bolton et al., 2013) 

¶ Theoretical models of behaviour change (COM-B, Social Cognitive Theory) 

(Bandura, 2004; West & Michie, 2020) 

¶ Cultural framework (Te Whare tapa wha) 

Figure 6 

mPR Development Framework; highlighting the steps undertaken to form the theoretical 

foundations 

 
 

Note. Figure adapted from mHealth Development and Evaluation Framework (Whittaker et al., 2012) 

4.2.1 PR Clinical Guidelines 

As there are clear clinical guidelines for effective PR when delivered in a centre-based 

model (Alison et al., 2017; Bolton et al., 2013), it was determined that the mPR 

intervention should follow these guidelines as closely as possible. The Australian and 

New Zealand PR guidelines (Alison et al., 2017) provide recommendations most 
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appropriate to the NZ context and along with the British Thoracic Society (BTS) (Bolton 

et al., 2013) and the American Thoracic Society (ATS) /European Respiratory Society 

(ERS) joint statement (Martijn A Spruit et al., 2013) shaped the development of mPR. 

The guiding components are summarised in Table 14. 
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Table 14 

Summary of key components in Pulmonary Rehabilitation Guidelines for PR 

Key Component Details Australian/NZ guidelines 
(Alison et al., 2017) 

BTS guidelines 
(Bolton et al., 
2013) 

ATS/ERS joint 
statement (Martijn 
A Spruit et al., 
2013) 

Participants People with stable COPD should undergo PR    

People with Bronchiectasis should undergo PR    

People with ILD should undergo PR    

People with Pulmonary Hypertension should 
undergo PR 

   

Programme structure PR should be minimum twice weekly    

Encouragement of physical activity five times per 
week 

   

Programmes of 6 ς 12 weeks are recommended    

Home based PR needs to consider; mechanism for 
remote support/supervision, provision of equipment 
and patient selection 

   

Exercise Combination of muscle resistance and aerobic 
exercise should be delivered 

   

Prescription of progressive strength training should 
be individualised 
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Key Component Details Australian/NZ guidelines 
(Alison et al., 2017) 

BTS guidelines 
(Bolton et al., 
2013) 

ATS/ERS joint 
statement (Martijn 
A Spruit et al., 
2013) 

Self-management PR should provide opportunities for smoking 
cessation advise 

   

Opportunity to screen and educate on nutrition    

PR offers an opportunity to check and optimise 
inhaler technique 

   

Symptoms of anxiety and depression are prevalent 
in CRD and may affect outcomes and can be 
ameliorated by PR 

   

Outcome measures Patient satisfaction and feedback should be sought    

Efficacy of programmes need to be regularly 
assessed 

   

Maintenance All participants should be given a written 
programme to continue with post PR 

   

Note. CRD = Chronic respiratory disease, COPD = chronic obstructive pulmonary disease, ILD = interstitial lung disease, PR = pulmonary rehabilitation,  
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More recently, a consensus report was published providing guidelines on the essential 

components of emerging PR programmes see Figure 7. (Holland et al., 2021)  

Figure 7 

Essential components of Pulmonary Rehabilitation (Holland et al., 2021) 

1. An initial centre-based assessment by HCP 
2. An exercise test at assessment 
3. A field exercise test 
4. Quality of life measure 
5. Nutrition status evaluation 
6. Occupation status evaluation 
7. Endurance training 
8. Resistance training 
9. An individually prescribed exercise programme 
10. An individually progressed exercise programme 
11. Team includes HCP with experience in exercise prescription + progression 
12. HCP trained to deliver the components of model deployed. 

 

4.2.2 Behaviour Change Theory 

A key objective of PR is to support behaviour change to improve the physical and 

psychological condition of people with CRD. The content development of mPR was 

informed by behaviour change theories to enable participants to make sustained 

ŎƘŀƴƎŜǎΦ .ŜƘŀǾƛƻǳǊ ŎƘŀƴƎŜ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ΨŎƻƻǊŘƛƴŀǘŜŘ ǎŜǘǎ ƻŦ ŀŎǘƛǾƛǘƛŜǎ 

ŘŜǎƛƎƴŜŘ ǘƻ ŎƘŀƴƎŜ ǎǇŜŎƛŦƛŎ ōŜƘŀǾƛƻǳǊ ǇŀǘǘŜǊƴǎΩ (Michie et al., 2011), and technology 

provides a valuable medium for promoting health-enhancing behaviours. A systematic 

review has shown that internet-based interventions are most effective when they 

incorporate multiple behaviour-change techniques and modes of delivery (Cole-Lewis 

et al., 2019). The mPR programme was underpinned by two behaviour change 

theories; the COM-B model (West & Michie, 2020) and social cognitive theory (SCT) 

(Bandura, 2004), both of which are grounded by the concept of self-efficacy. 

Perceived self-efficacy refers to how confident people are to perform actions required 

to deal with situations (Bentsen et al., 2010). Low self-efficacy and perception of 

personal capability are associated with low participation in physical activity (Arnold et 

al., 2006), and this appears to be particularly important in people living with a CRD. In 

CRD, the experience of breathlessness leads to a sense of loss of control and low self-

efficacy. Patients avoid activities they perceive as out of their ability leading to reduced 
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physical activity, reduced social interaction, deconditioning, and poor health related 

quality of life (HRQoL). Studies have shown that activity levels are significantly lower in 

people with stable, mild chronic obstructive pulmonary disease (COPD) compared to 

healthy individuals (McAuley & Blissmer, 2000; Troosters et al., 2010).  

Previous studies of COPD patients have found that higher levels of self-efficacy can 

predict improvements in exercise capacity, psychological and social function (Arnold et 

al., 2006), illustrating the importance of consideration to low self-efficacy in PR. The 

COM-B Model proposes that to perform an activity; an individual must feel they are 

physically and psychologically able to do so (West & Michie, 2020).  

COM ςB Model 

The COM-B framework states that for an intervention to be effective in changing 

behaviours, Capability, Opportunity, and Motivation should be addressed. This model, 

developed in 2011, forms part of the behaviour change wheel framework (Michie et 

al., 2011). The three components in this model all interact with each other and 

successful behaviour requires at least one of the three components to be targeted. All 

three key components may impact participation in PR and have been included in the 

content development of mPR.  

Social cognitive theory (SCT) 

Social cognitive theory (SCT) considers the interaction between the person, 

environment, and behaviour (see Figure 8) (Bandura, 2004). For example, if a person 

believes they can complete the exercise and it will improve their HRQoL, then they are 

more likely to engage. 
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Figure 8 

Social Cognitive Theory (Bandura, 2004) 

 
 

According to (Bandura, 2004), there are several ways of enhancing self-efficacy. These 

include mastery experiences, in which the person gains confidence by achieving a 

modest goal and observing someone like themselves successfully performing a 

behaviour, such as modelling, and verbal persuasion. By incorporating behaviour 

change techniques targeting these constructs in our mPR programme it is proposed 

this will support participants to make changes in their behaviour. 

4.2.3 Cultural Framework - Te Whare Tapa Wha 

aņƻǊƛ ŜȄǇŜǊƛŜƴŎŜ ǇƻƻǊŜǊ outcomes from respiratory disease and have lower PR 

completion rates (Candy et al., 2020a; Telfar et al., 2015b). Consideration of aņƻǊƛ 

specific models of health will help to ensure that the mPR programme can work 

toward reducing inequities for this group. Te Whare Tapa Wha provides a framework 

to shape mPR for our NZ context, as it ŀŘŘǊŜǎǎŜǎ ŦƻǳǊ ƪŜȅ ŘƛƳŜƴǎƛƻƴǎ ƻŦ aņƻǊƛ ƘŜŀƭǘƘΥ 

ǘŀƘŀ ǘƛƴŀƴŀ όǇƘȅǎƛŎŀƭύΣ ǘŀƘŀ ƘƛƴŜƪŀǊƻ όƳŜƴǘŀƭκŜƳƻǘƛƻƴŀƭύΣ ǘŀƘŀ ǿƘņƴŀǳ όŦŀƳƛƭȅκǎƻŎƛŀƭύ 

and taha wairua (spiritual) and is based on a firm foundation (whenua) (Rochford, 

2004). These essential foundations form the walls of the whare (home) and illustrate 

the foundations of well-being. If one of the foundations or walls is missing or damaged, 

the whare becomes insecure or imbalanced, and the person becomes unwell. This 

framework guided mPR development to ensure all dimensions of health and wellness 

were considered during the development process. 
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4.3 Formative Study ς End-user involvement 

The second step in the mPR development process involved a formative study to gather 

the perceptions of the patients and clinicians directly involved in PR regarding the 

option of an mHealth application for PR (see Figure 9). This step ensured a person-

centred approach, with the content development being shaped to meet the needs and 

preferences of the end users. The full manuscript can be seen in the appendices and is 

briefly described here for the purpose of how it informed the design of the mPR 

intervention. 

The candidate contributed to the study design and procedures. She contributed to the 

data collection, contributed to the data analysis and interpretation, and provided input 

to the writing of the paper. 

Figure 9 

mPR development and evaluation framework 

 
Note. Adapted from mHealth Development and Evaluation Framework (Whittaker et al., 2012) 

Aim: 

The aims of the study were: 

1. Understand the preferences and priorities for patients in participating in PR and 

how a mHealth PR application may support this. 

2. Understand the needs, preferences and priorities of the healthcare 

professionals directly involved in caring for people who would benefit from 

participating in PR, including a general practitioner (GP), a respiratory physician, 

a physiotherapist, a health psychologist, and nurses. 
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Methods: 

The study was a mixed methods sequential design, using a survey of participants living 

with chronic respiratory disease (n=30), and clinicians working with patients with CRD 

(n=8). Participants were recruited from respiratory outpatient clinics, respiratory 

inpatient wards, and PR services at two large hospitals in Auckland, New Zealand. The 

study received ethical approval from the health and disability ethics committee (HDEC) 

(18/NTS/105). 

Results: 

The sample consisted of participants who had completed PR (14/30), started but did 

not complete (7/30), were offered but declined (3/30) or had never been offered PR 

όсκолύΦ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘŜƳƻƎǊŀǇƘƛŎǎ ǎƘƻǿŜŘ ǘƘŜ ƳŀƧƻǊƛǘȅ ǿŜǊŜ ƻǾŜǊ ср ȅŜŀǊǎ όто҈ύΣ 

40% were female, 23% identified as Mņori, 13% as Pacific and 57% as NZ European. 

The majority of participants had access to a mobile phone (87%) and/or home internet 

(77%). Healthcare professionals who cared for people with CRD were invited to 

complete a semi-structured interview (n=8). The sample included two doctors, two 

nurses, three physiotherapists and one health psychologist. 

Participants (patients and HCP) believed an mHealth PR programme would reduce 

some of the burden associated with attending centre-based programmes, including 

travel, parking time, and expense. Both patients and HCP expressed concern that 

digital access and digital confidence may be a barrier for many people, and participants 

may miss out on the positive gains from peer support networks at centre-based PR 

programmes. 

Of the participants who liked the concept of an mHealth PR programme, the key 

features they wished to see included in the mPR intervention included: tips for 

managing breathlessness (86%), information and education on their respiratory 

condition (77%), access to their own health information (54%), a means of tracking 

their health data (50%) and motivational and supportive messages (41%). 

Implications: 

The findings from the study showed a high interest from participants in mHealth PR, 

particularly from the patient group. Results reinforced the burden for some 
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participants to attend a centre twice weekly for eight weeks. Findings suggest the 

ongoing development of any mHealth PR programme must consider device access and 

digital literacy to facilitate participation. 

4.3.1 Synthesis of thesis findings informing content of mPR 

The theoretical underpinnings together with the findings from the formative study 

formed the base content of mPR. This content was informed and shaped by findings in 

Chapters 2 and 3, and candidates previous research findings (Candy et al., 2020a) (see 

Appendix N), and summarised in Table 15. In summary, the findings indicated that the 

mHealth intervention must: 

1. Be inclusive of a range of CRDs and designed to reach those who experience 

greater access barriers to traditional PR. 

2. Prioritise digital inclusion by ensuring that it utilises simple and accessible 

technology. 

3. Be individually tailored and personalised. 

4. Provide information and support alongside prompts to engage in behaviours 

and instructions and modelling of behaviours for correct and safe engagement.  
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Table 15 

Bringing together research findings of key components for mPR development 
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People living with CRD, including COPD, 
asthma, bronchiectasis, ILD 

     

Mņori and Pacific people      

Low socio-economic      

Younger      
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Include family/whanau      

Culturally tailored      

Personalised      

Low digital confidence       

Device access      

Free of charge      

Digital support      

Prompts/cues      

C
o
n
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n
t 

Information on breathing strategies      

Provide feedback      

Social support      

Modelling behaviour      

Instructions      

Goal setting      

Note: CRD = chronic respiratory disease, COPD = chronic obstructive pulmonary disease, ILD = interstitial 

lung disease 
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4.4 Developing the mPR V1 

As defined by ATS/ERS (Martijn A Spruit et al., 2013) PR must be based on thorough 

patient assessment and involve patient-tailored interventions including exercise, 

education, and behaviour change interventions. This section describes how each of 

these essential elements has been developed in mPR (Figure 10). The candidate led the 

content development supported by experts in the wider team. 

Figure 10 

mPR Development Framework; highlighting the steps undertaken to develop initial prototype 

 
Note. Figure adapted from mHealth Development and Evaluation Framework (Whittaker et al., 2012). 

The mPR V1 programme was designed to be delivered through a short messaging 

service (SMS) with an optional phone-based application. SMS is an accessible and 

acceptable method of communication for many older adults (Cole-Lewis et al., 2019), 

is free of charge and does not require complex digital skills. The use of SMS for mPR V1 

was designed to deliver a weekly progressive exercise plan and utilised behaviour 

change techniques to inform, support, remind and provide feedback through the 8-

week intervention. The programme for each participant was personally tailored based 

on an initial centre-based assessment. 

 

4.4.1 Patient tailored  

A modular PR programme was developed allowing mPR to be individually tailored, 

based on initial assessment findings, preferences, and demographics. Modules were 

designed to address target behaviours important for self-management of a chronic 

respiratory condition and are based on clinical guidelines (Alison et al., 2017; Bolton et 
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al., 2013; Holland et al., 2021; Rochester et al., 2015). The SMS were personalised 

using participants preferred name, their support personΩǎ name, their personal 

motivators, and a culturally appropriate greeting.  

Family/ǿƘņƴŀǳ members could sign up for the programme to support the person 

living with a CRD. A description of the different modules for mPR V1 can be seen in 

Table 16. 



 

73 

Table 16 

Description of the different modules available in mPR V1 

Module name Description Sub modules Who can receive 
this module 

Compulsory Core motivation, support and information messages designed to encourage engagement with 
the programme, PR associated behaviours, and the healthcare system 

Motivational messages 
General wellbeing 
Links to support services 
Advanced care planning (ACP) 
General PR information/education 
Flu vaccinations 
Staying well 

Messages are 
tailored for: 

Mņori 
Pacifica 
²Ƙņƴŀǳ 

All 

Breathing Messages on effective breathing pattern. 

Strategies for managing breathlessness. 

 All (patients and 
ǿƘņƴŀǳύ 

Inhaler user Information about correct use of inhalers  Patients only 
Optional 

Exercise prescription 
information  

Messages covering information and safety for exercise prescription 

Introduction to VAS  
BORG breathlessness scale 
Warm up information 
Cool down information 
Safety e.g., when not to exercise 

 Patients only 

Exercise prescription Weekly exercise prescription. 

Programme includes aerobic, resistance and balance exercises. 

Stratified to three levels based on: 6MWT, mMRC, balance  

Ex. Level 1 

Ex. Level 2 

Ex Level 3 

Patients only 
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Module name Description Sub modules Who can receive 
this module 

Smoking Encouraging patients/family to consider quitting smoking  

Offering a smoking cessation programme. 

Smoking 
Smoking-
family 

Current smokers 

Smoking cessation FǊŜŜ ǊŜǇƭȅ ǘŜȄǘ ΨǉǳƛǘΩ for automatic enrolment in a smoking cessation programme (adapted 
version of STOMP) 

 Current smokers 
who identify as 
wanting to quit 

Mood/ Mental health/ 
Stress  

Messages around mood management and self-care.  
Encourage self-care 
Provide education around stress and mood management techniques 
Increase engagement in healthy behaviours 
Provide motivation and support 

 All patients 
hǇǘƛƻƴŀƭ ǿƘņƴŀǳ 

Nutrition  Messages around healthy eating and nutrition  
Provide education around healthy eating specific to BMI (low or other) 
Increase engagement in healthy eating behaviours 
Provide motivation and support 

Nutrition ς 
low BMI 
Nutrition-
other 

All patients 

Physical Activity PA related messages designed to decrease sedentary behaviour and increase general PA 
through providing education, tips, goal setting, motivation, and support 

 All patients 

Secretion  Education and reminder messages regarding secretion clearance techniques  Patients with 
retained secretions 

Note: ACP = advanced care planning. 6MWT = six-minute walk test, mMRC= modified medical research council scale, VAS = visual analogue scale.PA = Physical activity. BMI = body 

mass index. 
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4.4.2 Exercise  

The exercise component of mPR was delivered as an asynchronous, unsupervised 

exercise programme to be completed using equipment readily available in the home. 

Safety was paramount; exercise prescription was based on patient assessment. The 

exercise prescription was based on a stratification system (see Table 17) developed by 

the candidate. The stratification guide was piloted with clients in centre-based PR 

programmes prior to the implementation in the mPR V1. 

Table 17 

Exercise stratification guide 

Exercise Level 6MWT distance mMRC Balance 

1 (least challenging) < 200 m >3 Uses walking aid 

2 200 ς 450 m 2 ς 3 No walking aid 

3 (most challenging) >450 m <2 No walking aid 

Note. 6MWT = six-minute walk test, mMRC = modified medical research council scale, m = metre 

The mPR Exercise programme  

Initial centre-based assessment included information on 

1. Warm up and cool down 

2. Programme frequency 

3. Exercise intensity using BORG breathlessness scale (Ries, 2005). 

4. Correct exercise technique 

Each week participants received a message asking for their current rating of health on 

a visual analogue scale (VAS); if they reported their health was ok (>4 on VAS), they 

received a reply message with the exercise prescription for that week. If their current 

health was low (4 or lower on VAS), no exercise prescription message was sent, and a 

general self-care message was sent instead. An example of the exercise message for 

level 1: 

άƳtw 9ȄŜǊŎƛǎŜ tƭŀƴΥ ώƘƛϐ ώƴŀƳŜϐΦ hƴ р Řŀȅǎ ǘƘƛǎ ǿŜŜƪ ŀƛƳ ǘƻ Ǝƻ ŦƻǊ ƻƴŜ 
5-minute walk, and do 5 of each of your arm, leg, and balance 
ŜȄŜǊŎƛǎŜǎΦέ 
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Exercise Progression 

The programme was designed to monitor engagement with exercise by 2-way 

messaging; each week on day 6, a message was sent asking whether the participant 

ƘŀŘ ŎƻƳǇƭŜǘŜŘ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ŜȄŜǊŎƛǎŜ ƻǊ ƴƻǘ ό¸ŜǎκbƻύΦ LŦ ΨȅŜǎΩΣ ǘƘŜ participant 

ǊŜŎŜƛǾŜŘ ŀ ƳŜǎǎŀƎŜ ǊŜƛƴŦƻǊŎƛƴƎ ǘƘŜƛǊ ōŜƘŀǾƛƻǳǊΣ ŀƴŘ ƛŦ ΨƴƻΩΣ ŀ ƎŜƴŜǊŀƭ ŜƴŎƻǳǊŀƎŜƳŜƴǘ 

message was sent. Each of the three stratified level of exercise had eight prescript 

programmes. The exercise prescription was stepped up using the reply to the weekly 

administered day 6 messaƎŜΤ ƛŦ ΨȅŜǎΩΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŜŜƪΩǎ ǇǊŜǎŎǊƛǇǘƛƻƴ ǿŀǎ ǎǘŜǇped 

ǳǇΦ LŦ ΨƴƻΩΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŜŜƪΩǎ ǇǊŜǎŎǊƛǇǘƛƻƴ ǎǘŀȅŜŘ ŀǘ ǘƘŜ ǎŀƳŜ ƭŜǾŜƭΦ !ǘ ǘƘŜ ƘŀƭŦǿŀȅ 

point (4 weeks), new exercises were prescribed. 

Exercise Information 

Information on how to safely exercise was included as a core module and delivered 

using SMS. The messages reminded participants to warm-up and cool-down, to use the 

BORG breathlessness scale for intensity and when not to exercise. See Figure 11 for 

examples of messages sent. 

Figure 11 

Examples of core exercises SMS in mPR V1 

mPR: [hi] [name]. Always contact your doctor if exercising causes you any dizziness, chest 
pain or severe shortness of breath. 

mPR: [hi] [name]. When exercising always start with a warmup & finish with a warm down 
(e.g., marching on the spot for 2 minutes). 

mPR: It is normal to feel a bit stiff after you first start to exercise as your muscles may not be 
used to the exercises. Keep going - the stiffness will ease. 

mPR: [hi] [name]. Drink plenty of fluids why exercising, and if you have oxygen at home, use 
this when you exercise. 

mPR: [hi] [name]. If you are not sure how to do any of the exercising remember to check 
your handbook or look at the videos on the mPR app. 

mPR: When exercising aim for moderate intensity (3 or 4 on the BORG breathlessness scale), 
you should be able to 'walk and talk'. Check your handbook for more information. 

mPR: [hi] [name]. You should be aiming to exercise five times per week. LǘΩǎ important to 
have rest days to allow your body to recover. 

mPR: [hi] [name]. You can divide your exercises up during the day. They do not all have to 
be done at the same time. 
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4.4.3 Education 

Education on managing a CRD was provided through SMS to inform, support, motivate 

and encourage healthy behaviours. All participants received the compulsory modules, 

see Table 16 (general information, breathing education, inhaler use, mood, and 

physical activity) and optional modules were delivered when indicated (smoking 

cessation, nutrition, and secretion clearance techniques). The content was mapped 

from centre-based PR programmes and based on clinical guidelines (Alison et al., 2017; 

Bolton et al., 2013) and translated into messages of 160 characters to create an SMS 

library. For topics where there were existing evidence-based mHealth libraries 

(smoking cessation, physical activity), their content was reviewed and revised for mPR.  

4.4.4 Behaviour Change 

SMS may provide an ideal method for delivering theoretically based behaviour change 

techniques. The message library content was developed drawing on behaviour change 

techniques (Michie et al., 2011), and examples of the constructs and messages can be 

seen in Table 18. SMS has been used successfully in a range of health behaviour and 

disease self-management areas including for medication adherence (Sarabi et al., 

2016), smoking cessation (Whittaker et al., 2016), diabetes management (Dobson et 

al., 2018), and physical activity interventions (Head et al., 2013). 
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Table 18 

Behaviour change techniques from Michie et al (2013) incorporated into mPR intervention 

BCT Grouping Specific BCT employed Example content  

Shaping knowledge 4.1 Instructions on how to perform activity Breathing Module-  
mPR: [hi]. Good breathing starts with the nose. Try to breathe in through your nose 
to warm & filter the air before it gets to your lungs! 

Exercise video demonstrating exercise technique 

Social Support 3.2 Practical support mPR: [hi] [name]. Remember your nurse & doctors are only a phone call away if you 
need them 

3.3 Emotional support mPR: If you are losing motivation for exercising, remind yourself about why you 
want to become more physically active. Do it for your [motivation] 

  mPR: Even when you are physically unwell ƛǘΩǎ still important to try and take care of 
your body. Try to get good sleep, eat well and practice relaxation. 

 3.1 ²Ƙņƴŀǳ Support Providing family with support 

Natural consequences 5.1 Information about health consequences Benefits of exercise 

  mPR: [hi]. Your health can be controlled so it has less impact on your life. Do it for 
your (motivation).  

Feedback & Monitoring 2.3 Self-monitoring of behaviour Replying to text message with health score and readiness to progress 

2.2 Feedback on behaviour Sit to stand results on mPR-app 

 Text messages 
mPR reply: Great work [name]! 

 7.1 Prompts and Cues mPR: [hi] [name]. Take some time to practise better breathing in a relaxed position, 
thinking nose, tummy, and slow breathe out! 
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BCT Grouping Specific BCT employed Example content  

Comparison of behaviour 6.1 Demonstration of the behaviour Exercise demonstrations using models with CRD 

Self-belief 15.3 Focus on past success Feedback on average step count and number of exercises completed. 

 8.1 Behaviour practise/rehearsal Daily exercise 

 15.4 Self talk Try to find things to do each day that give you a sense of achievement e.g. finishing 
a crossword or puzzle, or even finishing a job such as weeding the garden. 

 8.7 Graded tasks Exercise prescription 
Progresses with time and patient readiness  

 6.1 Demonstration of the behaviour Exercise instructions 7 video 

Goals and Planning 1.1 Goal setting Goal of completing exercises five days of the week 

 1.2 Problem solving Finding it tough to manage your health? Remember why you want to manage your 
health ς for (motivation) 

Note. CRD = Chronic respiratory disease
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4.4.5 Optional web-based application for mPR V1 (mPR-app) 

Participants were given the option of accessing an additional web-based application 

(mPR-app) which complemented the SMS. The mPR-app reinforced the same exercise 

prescription with instructional videos demonstrating correct technique for each 

exercise. It also included assessment: an exercise test (1-minute site to stand) and a 

symptom scale (CAT questionnaire), which participants were encouraged to complete 

fortnightly for feedback on their progress. Further features of the mPR-app are 

described in Table 19.  

Table 19 

Description of components included in mPR-app 

mPR-app Component Description 

Exercise prescription and 
videos 

Tailored exercise prescription (corresponding to SMS). Exercise 
videos demonstrating exercise technique.  

1 minute sit to stand test Instructions, timer, and ability to input number of repetitions 
completed. Reminder to complete every two weeks 

CAT questionnaire Questionnaire that could be completed in the app with 
reminder to complete every 2 weeks. 

Action Plan The standard action plan for respiratory disease exacerbations 
that could be completed in the app by the participant 

Lung model visualisation 
video 

An educational tool to demonstrate to participants how their 
lungs work and changes that may have occurred related to the 
structure, to provide a visually appealing and accurate 
representation of the lungs. 

Relaxation and audio files Freely available audio for participant to listen to and assist with 
relaxation. 

Information for family Brief information on how to support your loved one with the 
CRD. 

Note. CAT = COPD assessment test, SMS = short messaging service, CRD = Chronic respiratory disease 

4.4.6 Incorporating Te Whare Tapa Wha 

The foundations of the Whare were considered in the intervention design and content. 

Taha Tinana (physical wellbeing) was enhanced through providing instruction and 

support to become more active and encouraging healthy lifestyle habits, including 

exercise, nutrition, smoking cessation, and optimal medical adherence. Taha Wairua 

(spirituality) was supported through relaxation modules to guide and encourage 

mindfulness and spirituality. Family members were invited to participate in the 

programme to learn more about the CRD and to support the participant (taha 
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ǿƘņƴŀǳύΣ ŀƴŘ taha hinegaro (mental health) was supported through content related to 

enhancing mental well-being in the core module, mana enhancing language and links 

to mental health services/support. In addition, text messages can be viewed anytime, 

anywhere, even multiple times, allowing patients to receive the information at the 

right time. The timing aligns with Tana Whare and feeling grounded to take on new 

information to learn and support wellness.  

The first iteration of mPR was developed using a triangulation of methods. By weaving 

together, the findings from earlier chapters with theoretical underpinnings and end-

user perspectives, we created an mHealth PR programme incorporating SMS and a 

mobile application. The final step in Part A of the development of mPR involved testing 

mPR V1 in a feasibility study. 

Figure 12 

mPR Development Framework; highlighting the feasibility study phase 

 
Note. Figure adapted from mHealth Development and Evaluation Framework (Whittaker et al., 2012) 

4.5 Feasibility testing 

The fourth step in the development process involved taking the first mPR prototype to 

patients and their ǿƘņƴŀǳ to explore if the intervention met the needs and 

preferences of end-users and if the intervention was fit for purpose. An overview of 

the study can be found below, the full manuscript can be seen in the appendix N and is 

summarised below. 

The candidate contributed to the study design, study procedures, data analysis and 

interpretation, and manuscript preparation. She led the data collection. 
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Aims 

The feasibility study aimed to assess the feasibility, acceptability, and usability of the 

mPR V1 to inform further development of the intervention. 

Methods 

A nine-week, non-randomised pilot study was undertaken at two hospital outpatient 

departments in Auckland, NZ. The study included participants over the age of 16 years 

who had been diagnosed with a CRD and were eligible for PR. Potential participants 

were required to be able to read English and have access to a mobile phone. The 

ǇŀǘƛŜƴǘΩǎ ŦŀƳƛƭȅ ƳŜƳōŜǊǎ ŎƻǳƭŘ ŀƭǎƻ ǊŜƎƛǎǘŜǊΦ tŀǊǘƛŎƛǇŀƴǘǎ ǇǊƻǾƛŘŜŘ ǿǊƛǘǘŜƴ ƛƴŦƻǊƳŜŘ 

consent, and the study received ethical approval from Health and Disability Ethics 

Committee (19/NTA/74) and was registered with the Australian and New Zealand 

Clinical Trials Registry (ACTRN12619000884101). 

Participants completed an initial centre-based PR assessment and received exercise, 

education and behaviour change strategies delivered through a text messaging 

programme (as described earlier pages 93-97). Additionally, participants had the 

option of accessing the mPR V1-app. At the end of the intervention, a follow-up 

assessment and semi-structured interview were completed. 

Results 

The study included 26 participants and four ǿƘņƴŀǳ members. The mean age of 

participants were 70 years and included 4/30 (15%) aņƻǊi, 17/30 (65%) European, and 

5/26 (19%) other ethnicities. 20/26 (77%) were currently or had attended centre-based 

PR, and 6/26 (23%) had never attended PR. 

Six participants were lost to follow-up, and 20/26 (77%) completed a follow-up 

assessment, of which (55%) of those followed up had opted for SMS only (n=11) and 

45% (n=9) for SMS + mPR-app. All 20 participants reported they would recommend the 

programme to other people with a CRD, with 95% stating they felt supported with 

their lung condition and 85% feeling they had learnt about their lung condition. When 

asked which components they liked the best, common themes included: it was 

motivational and empowering (40%, n=8) and provided reminders and prompts (40%, 

n=8). When asked about the components they liked the least, answers included: 



 

83 

exercises were too hard or progressed too quickly (25%, n=5), and messages were not 

personal enough (20%, n=4) and a lack of feedback in the programme (5%, n=1). Of the 

participants included in the study, exercise stratification was level 1 (12%), level 2 

(77%) and level 3 (12%).  

At registration, 69% (n=18) participants opted for the mPR-app, and 42% (n=11) 

accessed the mPR-app (completed app registration and logged in), with one participant 

only accessing the mPR-app on the day they logged in. In the follow-up interview, of 

those participants who had not accessed the app were asked their reasons, with two 

stating they had forgotten to do this, three reporting they needed help downloading 

the app, one participant believing the app did not add anything above the SMS, and 

one needing help to log into the app. Four participants felt they needed more 

information on how to use the app. 

Implications 

The feasibility study provided valuable information on the strength of mPR V1 

programme and how it could be improved. The number of participants who opted for 

SMS only was higher than anticipated (42%, n=11) and this showed the importance of 

providing an SMS option. Importantly, feedback suggested that the information for this 

group could be enhanced with a paper manual to provide information that would 

support and enhance their participation. 

¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŦŜŜŘōŀŎƪ ƻƴ the exercise component, and the most common exercise 

commencement level, indicated the stratification banding needed further 

development to ensure appropriate and tailored exercise prescription. 

Many participants did not access or engage with the mPR-app as hoped. One of the 

findings of the feasibility study was that the registration process was complicated and 

arduous, indicating that the registration process should be simplified, along with more 

information on how to use the mPR-app to maximise engagement. 
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Synthesis of findings  

A summary of the key learnings from Part A can be seen in Table 20. Part B of this 

Chapter refers to the development and evaluation of mPR V2. 

Table 20 

Summary of key changes from pretesting and feasibility studies 

Component Key Recommendations 

Sign in process Simple 

Completed by team at initial visit. 

Technology Ensure suitability for use across different device modalities (e.g., laptop 
computers) 

Exercise Videos to include patient diversity 

Visibility of exercise completion 

Increased stratification to four exercise levels 

Provide alternative exercises where necessary 

Education Provide tips and tools page on app 

Ensure key topics covered by text, short video content and links to 
further information pages 

Option to pause Enable a programme pause for 7 days if required 

Contact us page Allow contact with PR clinician 

Feedback Initiate Myprogress page for participant feedback 

Provide feedback on number of days exercise completed and step count 
data. 
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PART B mPR V2 Development and evaluation 

 

Part B of this chapter includes the development and pre-testing of mPR V2, see Figure 

13. 

Figure 13 

mPR Development Framework; highlighting the steps involved in Part B 

 
Note. Figure adapted from mHealth Development and Evaluation Framework (Whittaker et al., 2012) 

4.6 mPR V2 

The fifth step in the mPR development framework involved refining the mPR V1 

intervention to develop the mPR V2 intervention. The feasibility study described above 

(Whittaker et al 2021) provided valuable information to enable iterative improvements 

for the mPR V2. The fundamental changes incorporated feedback from participants, 

whanau and the mPR team. Whilst the SMS remained an essential component of mPR 

V2, the majority of changes occurred in the mPR-app. 

4.5.1 Design and Functionality 

The design and functionality of the mPR V2 underwent several changes to improve 

usability. The sign-in process was simplified to allow the research team to sign 

participants onto the app at the initial assessment to overcome the technical 

challenges experienced in the initial feasibility study, the mPR-app became integrated 

with SMS, linking data and providing participants with feedback as requested by 

participants in the formative and feasibility studies. 
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A new design of the mPR V2 front page was designed to place the required exercise 

prescription overtly upfront in the app. Based on findings from the feasibility study 

(see Table 20), the new front page also included ŀŘŘƛǘƛƻƴŀƭ ŦŜŀǘǳǊŜǎΣ ƛƴŎƭǳŘƛƴƎ ŀ ΨǘƛǇǎ 

ŀƴŘ ǘƻƻƭǎΩ ǇŀƎŜΣ ŀ ΨƳȅ ǇǊƻƎǊŜǎǎΩ Σ ŀƴŘ ŀƴΩ L ŦŜŜƭ ǳƴǿŜƭƭΩ ǇŀƎŜΦ ¢ƘŜ front-page wireframe 

for mPR V2can be seen in Figure 14. 

Figure 14 

mPR front-page wireframe 

 
 

The ΨTips and ToolsΩ page 

A comprehensive education package was added to the mPR-app to include 11 Ψ¢ips 

and ToolsΩ modules for informing participants on managing their condition. These 

modules were developed based on topics delivered in centre-based programmes and 

following recommendations from PR guidelines (Blackstock & Evans, 2019). Tips and 

tools were developed to complement and expand on the education delivered through 

SMS. The topics covered can be seen in Figure 15.  
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Figure 15 

ΨTips and ToolsΩ Modules 

 

Within the tips and tools page of the mPR V2 the information was provided in various 

formats including written text, a short video clip, and links to websites to allow 

participants to seek additional information.  

¢ƘŜ ΨMy ProgressΩ ǇŀƎŜ 

The formative and feasibility studies reported that patients wanted feedback on their 

progress. The ΨMy progressΩ page was added to show the number of exercises 

participants had completed each week. All participants were offered the option of a 

commercially available sensor (Fitbit or Withing) which could be linked to the mPR V2 

and provide feedback on their daily step count. The step count data is presented in 

graphical format within the mPR V2 in two ways, daily step count and average weekly 

step count. 

¢ƘŜ ΨI feel unwellΩ ǇŀƎŜ 

If participants became unwell during the programme or needed to take a break for 

other reasons, they were able to ΨpauseΩ the programme for 7 days. A drop-down 

menu provided information on how to contact the team if required. 

1. How do I get started with exercise? 

2. What can I do when I feel breathless? 

3. How can I stop running out of energy? 

4. How can I become more active? 

5. What can I do to keep myself well? 

6. What is self-care? 

7. Iƻǿ Ŏŀƴ L ƎŜǘ ŀ ƎƻƻŘ ƴƛƎƘǘΩǎ ǎƭŜŜǇΚ 

8. What are the best foods to be eating? 

9. How can I clear the extra phlegm? 

10. Better Bladder and bowels 

11. How can I give up smoking? 
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4.5.2 Content Updates 

Exercise modifications 

Several modifications were made to the exercise programme based on feedback from 

the feasibility trial (Whittaker et al., 2021). The exercise level stratification system was 

reviewed and modified to include four levels instead of three (see Table 21), allowing 

for a more tailored exercise prescription. 

Table 21 

Amended Exercise Stratification System 

Exercise Level 6MWT distance mMRC Balance 

1 (least challenging) < 200m 4 Uses walking aid 

2 200 ς 350 3 No walking aid 

3 350 -500 2 No walking aid 

4 (most challenging) >500 1 No walking aid 

Note. 6MWT = six-minute walk test, mMRC = modified medical research council scale, m = metre 

Other changes to exercise programme included 

1. Alternative exercise options were provided with video instructions 

2. Improved exercise instructions 

3. Safety alert provided for each exercise 

4. Diversity in exercise videos incorporated (age, ethnicity, and disease severity) 

Additionally, the exercise page was modified to see which exercises had been 

completed on that day to enable patients to see what required completion. An 

example of the exercise page wireframes can be seen in Figure 16. 
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Figure 16 

Exercise wireframes from mPR 

 
 

4.6 Pre-testing mPR V2 

The final step in the development process of mPR V2 involved pre-testing of the 

intervention prior to evaluation in a clinical trial. This testing phase involved a review 

of the content by clinical experts, cultural experts, and consumers as shown in Figure 

17. 
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Figure 17 

mPR Development Framework; highlighting the steps undertaken to pre-test mPR 

 
Note. Figure adapted from mHealth Development and Evaluation Framework (Whittaker et al., 2012) 

4.6.1 Expert Content Review 

Aims 

The purpose of the content review was to ensure that the SMS messages and 

information contained within the mPR V2 were clinically and factually correct. 

Methods 

The content of mPR V2 was reviewed by a range of clinical experts, including a 

dietician, occupational therapist, health psychologist, respiratory nurse practitioner, 

and physiotherapist. The clinical experts were asked to review the mPR V2 content 

including text messages, the mPR-app and the mPR paper manual. The following key 

questions guided the review. 

1. Is the information factually correct? 

2. Is anything is missing from the information provided? 

3. Any recommended changes? 

Implications 

Clinician feedback was collated by the candidate, and minor amendments were made 

to the relevant content of the SMS and tips and tools.  

Part A

Theoretical 
Foundations

Formative 
Study

mPR 1

Intervention 
Development

Feasibility 
Study

mPR 2

Intervention 
Development

Pre-testing

Preference 
Study

Cultural content 
reviews

Expert content  
review

End-user review
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4.6.2 Cultural Content Review 

Aims 

To ensure the mPR programme was culturally appropriate.  

 

Methods 

Mixes of virtual and in-person semi-structured interviews were ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ aņƻǊƛ 

living with a CRD όǘŀƴƎŀǘŀ ǿƘŀƛƻǊŀύ ŀƴŘ ǘƘŜƛǊ ǿƛŘŜǊ ǿƘņƴŀǳ ǎǳǇǇƻǊǘ ƳŜƳōŜǊǎΦ 

Participants were recruited through local community networks and were invited to 

participate in the interviews. All participants provided written informed consent prior 

to the interview. The interviews and analysis were completed by a member of the 

ŎƻƭƭŀōƻǊŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ό¢¢ύ ǿƘƻ ǿŀǎ ŜȄǇŜǊƛŜƴŎŜŘ ƛƴ YŀǳǇŀǇŀ aņƻǊƛ methodology 

(Jackson, 2015). 

During the interviews, the participants reviewed mPR content including text messages, 

the mPR V2 and the mPR paper manual. The following key questions guided the 

interview. 

1. What do you think about the look and feel of the mPR-app? 

2. Lǎ ŀ ¢Ŝ wŜƻ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŀǇǇ ŀƴŘ {a{ ǇǊƻƎǊŀƳƳŜ ŀ άƳǳǎǘ-ƘŀǾŜέ ŦƻǊ ŀ 

ǇǊƻƎǊŀƳƳŜ ŘŜƭƛǾŜǊƛƴƎ ǎǳǇǇƻǊǘ ŦƻǊ aņƻǊƛΚ 

3. Do you have any further feedback or comments on the mPR content? 

The data were analysed and grouped into themes. The key findings were reviewed for 

accuracy by two participants. 

 

Results 

Participants (n=8) felt the programme did not need to be fully provided in Te Reo but 

rather include greetings and mana enhancing (strength based) words in mPR V2 (which 

is primarily in the English language). It was considered that this would not only 

improve responsiveness for aņƻǊi participants but also a sense of belonging. 

Participants expressed the importance of diversity in the people demonstrating the 

exercises and including aņƻǊi participants in the mPR V2 videos would ensure cultural 
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relatability. The participants also expressed value in including the wider ǿƘņƴŀǳ in 

doing home-based exercises. A summary of the recommendations and the rationale 

for these suggestions can be seen in Table 22. 
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Table 22 

Summary of recommendations from tangata whenua 

Component Recommendation Rationale 

mPR app 
General 

More use of Te Reo within 
current version 

aƻǊŜ ǿƘņƴŀǳ aņƻǊƛ ŀǊŜ ƭŜŀǊƴƛƴƎ ¢Ŝ 
Reo so this may improve 
responsiveness 

 Mana enhancing language Provides a positive and encouraging 
experience for whanau 

 Include more information, 
resources and decision support 
based on real-time 
symptomology 

Provides personalised advice to the 
user based on their symptoms 

Action plan Include aņƻǊi representation in 
people demonstrating exercises 
in videos 

Better cultural representation may 
improve responsiveness 

Exercise video 
page 

Include exercises at home in 
everyday environments, using 
at-home equipment 

More realistic representation of at-
home exercises 

Breathing and 
relaxing 

Include audio/visual clips centre 
ŀǊƻǳƴŘ ¢Ŝ !ƻ aņƻǊƛ views of 
wellbeing 

Acknowledges the interconnectedness 
of te taha wairua (spirituality), 
hinengaro (mental health) and tinana 
(physical health) on overall wellbeing 

LƴŎƭǳŘŜ ¢Ŝ !ƻ aņƻǊƛ concepts 
and natural sounds (i.e. water 
forests and birds) 

Improves responsiveness by 
acknowledging the 
interconnectedness aņƻǊƛ have with 
the whenua (land), moana (oceans), 
awa (rivers) and ngahere (forest). 

 Include information that can 
display what may happen if an 
individual hits a particular target 
(I.e., health benefits) 

Rewards based system may better 
motivate individuals to adhere to their 
exercise prescription 

Progress page Include smoking cessation inΩ 
tips and toolsΩ ƳƻŘǳƭŜ 

Recognises the impact of smoking can 
have on health. Creates opportunities 
for smoking cessation by provide 
information and resources 

Resource page Provide easy to view summary 
ŦƻǊ ǿƘņƴŀǳ ƳŜƳōŜǊǎ ǇǊƻƎǊŜǎǎ 
on the programme 

Gives the ǿƘņƴŀǳ member visibility 
over progress 

²Ƙņƴŀǳ 
support page 

Mana enhancing 
encouragement. Acknowledge 
the longevity of caring for 
someone with a chronic illness 

Provides positive encouragement to 
ǿƘņƴŀǳ ƳŜƳōŜǊǎ 
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Implications 

Modifications were made based on this feedback to ensure cultural safety and to 

enhance a sense of belongƛƴƎ ŦƻǊ aņƻǊƛ ǇŀǊǘƛŎƛǇŀƴǘǎΦ Models of different age, disease 

severity and ethnicity were included in the exercise videos. Further Te Reo words were 

included in mPR V2 along with a relaxation session utilising ¢Ŝ !ƻ aņƻǊƛ concepts and 

natural sounds. One concept which was not incorporated due to time and logistical 

constraints was the addition of patient stories. It was agreed this would be beneficial 

and will be explored for future iterations. 

4.6.3 End-user review 

The purpose of end-user testing was to identify any areas of confusion or ambiguity for 

participants and to identify opportunities to improve the end ǳǎŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜΦ 

Aim 

To investigate the usability of mPR V2 through observation and investigation of end-

user behaviour. 

Study Questions 

1. Can end-users navigate the mPR V2 appropriately?  

2. Are there any barriers to use or areas of confusion? 

3. Do end-users encounter any usability issues? 

Methods 

The study used a mixed method, observational study design. Ethics was approved by 

amendment to HDEC number 19/NTZ/74/AM04 on 12 January 2021. Participants 

attending PR at Counties Manukau Health (CMH) were invited to participate, and 

written informed consent gained. 

The study used three methods of data collection. 

Think aloud 

The participants were invited to interact with the mPR V2 and to verbalise their 

thoughts and impressions on working through the app (Charters, 2003). Participants 
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were instructed to look through all mPR V2 with some prompts from the investigator 

as required to illicit comments regarding usability. 

Tasks 

Participants were given several tasks, such as inputting the number of repetitions 

completed, pausing the exercise prescription, finding alternative exercises, watching a 

Ψ¢ips and ToolsΩ video, and completing the exercise question at the end of a sample 

week.  

Semi-structured interviews 

After the participants had explored the app, the investigator interviewed the individual 

participant following a semi-structured interview guide, with prompts elicited from the 

observation. The interviews were audio recorded and transcribed verbatim by SC. 

Results 

Five male participants were included in the study, with a mean age of 68 (56 -83 

years). Participants were given the option of a device to view the mPR-app; three 

participants chose an iPad, and two a laptop. All participants used a device regularly 

and were familiar with apps. A summary of data collected can be found in Appendix O.
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General feedback  

All participants asked if they could have the mPR V2 after testing in the belief it would 

be beneficial. One participant reported that he would like to show his family so they 

could understand more about his health condition. 

άL ǘƘƛƴƪ ǘƘŜ ƭŀȅƻǳǘ ƛǎ ŎƭŜŀǊ ŀƴŘ ǾŜǊȅ ǎƛƳǇƭŜέ  

άDƻƻŘ ŦƻǊ tŜƻǇƭŜ ǿƘƻ ŀǊŜ ƴƻǘ ǘŜŎƘ ǎŀǾǾȅΦέ 

Implications: 

All participants (n=5) interviewed provided positive feedback regarding the mPR V2 

and felt it was easy to navigate. They all mentioned they would use it if it was 

available, and two participants mentioned it would be more convenient than travelling 

to a centre-based programme for PR. 

In this round of usability testing, the logging-on process was not assessed. All 

participants reported that the mPR-app was generally easy to navigate and was clear 

and straightforward. Three components received navigation feedback: the arrows to 

the next exercise, returning to the home page after clicking on a link and the menu 

section. Two participants reported it would be beneficial to have the other page 

headings on the menu bar (tips and tools, my progress, and I feel unwell). 

No barriers to using the app were identified. Participants reported feedback on 

preference and ease of reading regarding colour choice and font size, which would be 

helpful feedback for future iterations.  

4.7 Synthesis and next steps 

This chapter has outlined the process taken to develop the content for mPR V2 using 

an adapted version of the mHealth development and evaluation framework. Both mPR 

V1 and mPR V2 were founded on theoretical underpinnings and grounded in evidence-

based practice.  
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 Protocol for a preference clinical trial of centre-based and mPR 

delivered rehabilitation in chronic respiratory disease 

5.1 Prelude to the chapter 

The aim of this chapter is to describe the study protocol for a preference-based study 

to evaluate the mPR V2 programme.  

This chapter involves the preparation required to address objective 4 of the thesis 

Identify patient preference for delivery of PR and to ascertain if allowing 

participants to choose their delivery method may improve the rate of attendance 

at PR. 

5.1.1 Why was this work needed? 

Protocols are an important part of research planning and outline the rationale for the 

any given study, along with a clear description of the methodology, outcomes and data 

analysis to be undertaken during the study. Additionally, protocols ensure the analysis 

and results remain consistent with the proposal. 

5.1.2 What was undertaken 

The study protocol, along with all preparatory processes were undertaken. This 

involved the protocol preparation, ethical approval, trial registration and training of 

research team. Part way through the trial the NZ experienced a national lockdown in 

response to COVID-19 pandemic. This resulted in several unavoidable protocol 

amendments which are also described in this chapter. 

5.1.3 Supporting Documents 

Supporting documents for this chapter can be found in the Appendices and include a 

copy of the data management plan, ethical approval letters, participant information 

sheet and consent form, data collections forms and a copy of training manual provided 

to the research team. 
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5.2 Introduction 

Alternative methods of delivering rehabilitation, such as mHealth, may be able to 

increase the reach of PR and allow more people the opportunity to access this 

intervention. A recent Cochrane review has reported telerehabilitation is likely to be as 

effective and safe as centre-based PR (Cox, McDonald, Hill, et al., 2018), however, the 

scoping review in Chapter 3 has shown studies have found recruitment challenging, 

with large numbers of screened patients being excluded or declining participation. The 

scoping review also revealed people living with a CRD believe telerehabilitation would 

be convenient and reduce the burden of attending a centre-based programme but 

perceive telerehabilitation to be technically challenging and lacking personal contact. 

To date, little is known about the patient preference for delivery of PR when compared 

with centre-based, and who would be best suited to delivery models. We have 

developed a web-based application for PR developed specifically for the NZ context, 

mPR V2 - herein referred to as mPR - which is designed to be delivered on a mobile 

phone, with no costs involved, and requires minimal digital skill.  

It is likely that some people would rather attend the in-person group and some would 

rather receive an mHealth programme. Previous studies have shown patient 

preference a barrier to recruiting to telerehabilitation trials (Cox, McDonald, Alison, et 

al., 2018; Hansen et al., 2020; Holland et al., 2017). There are participants who may 

not physically be able to attend in-person (due to transport, work, or illness) and if 

randomised to this arm they would be unlikely to attend or complete, affecting the 

results. The fact that people have preferences mean that if they are randomised to the 

intervention they did not want, they may be less satisfied and less likely to complete.  

We are interested in a pragmatic approach to exploring mPRand envisage that if this 

preference based trial is successful, mPR could be offered to people in this way and as 

an alternative to existing standard PR programmes. Therefore, information on patient 

preferences (how many choose which version) is important information for funders 

and service developers prior to deciding to implement mPR. To determine this, the 

study will utilise patient preference methodology. According to Kowalski three criteria 

to be met for a preference based trial are as follows (Kowalski & Mrdjenovich, 2013); 
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1. Two programmes are to be compared 

2. Blinding is difficult or impossible 

3. At least some people are likely to have preference to which programme they 

receive 

The importance of patient preference when translating interventions into real practise 

drove the choice of methodology. 

5.3 Study Objective 

This study aims to assess the attendance and completion of PR when patients are given 

the choice of two different delivery models, mPR or centre-based PR. Additionally; we 

wish to determine if the mPR programme is able to achieve improvements in clinical 

outcomes which are not inferior to those achieved with centre-based PR. 

Specific study objectives are to investigate the following when participants are given a 

choice of attending centre-based or receiving mPR: 

1. Patient preference for different model of PR delivery 

2. The attendance and completion rates of both models of PR 

3. Whether mPR achieve improvements in exercise capacity which are not inferior 

to centre-based PR 

4. Whether mPR achieve improvements in health-related quality of life which are 

not inferior to centre-based PR 

5. Patient satisfaction from both delivery models of PR 

6. Participant feedback on PR delivered via mPR 

5.4 Methods 

5.4.1  Study Design 

A parallel non-randomised preference trial. Following consent, participants can opt to 

receive either centre-based PR or mPR delivered PR.  
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5.4.2  Participants 

All participants referred to PR at three metropolitan hospitals in Auckland will be 

screened for inclusion and invited to participate. 

Inclusion criteria 

1. Aged 18 years or older 

2. Have a CRD e.g., COPD  

3. 9ƭƛƎƛōƭŜ ŦƻǊ tw όŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǊŜŎǊǳƛǘƳŜƴǘ ǎƛǘŜΩǎ ŜȄƛǎǘƛƴƎ ǇǊƻǘƻŎƻƭǎύ 

4. Able to read and understand English 

5. Able to provide informed consent 

6. Own or have regular access to a mobile phone (mPR group only) 

Exclusion criteria 

1. Not available for the duration of the study 

2. Completed PR within previous year 

Withdrawal criteria 

Participants can withdraw from either arm of the intervention at any time. Their 

decision to withdraw will not affect their usual care. Participants can stop the mPR 

programme and any of its components at any time by free texting back STOP to the 

mPR short code, uninstalling the app and/or ceasing wearing the sensor. As their 

feedback and the reason for wanting to stop the programme is vital to our 

understanding of completion of PR, these participants will still be contacted and asked 

if they would be willing to complete a follow up assessment and interview.  

Participants from either group who decline to complete the follow up assessment will 

be included as lost to follow up and their data will be included in the analysis of the 

group to which they were allocated. Clinicians will be able to stop the programme on 

behalf of participants if deemed clinically inappropriate. If a participant in the mPR 

group wishes to attend a centre-based programme, they will be given the opportunity 

to attend on completion of their mPR component of the study. 

5.4.3 Sample size calculation 

To determine the required sample size, a two-sample proportion test for non-

inferiority was completed based on a completion rate of 60% for the centre-based PR 
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with a non-inferiority margin of 30% at 80% statistical power. The non-inferiority null 

hypothesis in terms of Odds ratio was: Odds of completion in centre-based PR/Odds of 

ŎƻƳǇƭŜǘƛƻƴ ƛƴ Ƴtw җ оΦр όŜǉǳƛǾŀƭŜƴǘ ǘƻ /ƻƘŜƴsΩŘҐлΦрύΦ Fifty participants are required 

in the smallest group to detect a difference in attendance between groups. 

5.4.4 Procedures 

Recruitment  

Recruitment will be conducted through three collaborating metropolitan hospitals PR 

services in Auckland, NZ (Counties Manukau Health, Waitemata and Northshore).  

Potential eligible participants will be identified by senior PR physiotherapist at one of 

the recruitment sites. They will be given a Patient Information Sheet (PIS) and Consent 

Form (CF), see Appendix R. The senior PR physiotherapist will discuss the programme 

with the participant and answer any questions they may have. The participant will 

have the option of contacting a member of the project team to answer any further 

questions. Participants will be encouraged to discuss their participation with wƘņƴŀǳ, 

family, and friends. If the potential participant indicates that they would like to take 

part in the study the clinician will confirm eligibility and obtain informed consent.  

Recruiting physiotherapists will keep note of the number of potential participants who 

decline to participate in the study. Recruitment will be monitored by (SC) on a regular 

basis to ensure that the recruitment process is effective and that recruitment targets 

will be met within timelines where possible. 

Pulmonary Rehabilitation Intervention 

All participants in both groups will attend a standard centre-based assessment at the 

site where they are recruited as per best practise guidelines (Alison et al., 2017). Both 

groups will receive an eight-week intervention and then return to the same centre for 

a follow up assessment. 

Group A: Centre-based Group 

Participants who opt for the centre-based intervention will attend the centre two days 

per week for eight weeks. The intervention will include one hour of supervised exercise 

training in a group setting (8 ς 14 participants) delivered by a physiotherapist and 

respiratory nurse and/or health care assistant. Exercise prescription includes aerobic, 
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resistance and balance exercises individually prescribed and completed in a circuit 

programme. Intensity of exercise is prescribed based on the modified BORG scale of 

breathlessness with all participants encouraged to progress exercise to maintain a 

breathlessness score of 3 - 4. Participants will be provided with a home-based exercise 

programme, which they are asked to complete three times per week and record in the 

provided activity diary. The number of sessions attended, the number of completed 

exercise circuits at the centre-based site, and the number of exercises completed in 

the activity diary will be monitored. In addition, participants will be invited to attend a 

30-minute group education session with focus on self-management education, which 

occurs after every exercise session. Participants will be offered the opportunity to 

make up classes that may have been missed by extending the duration of PR up to 12 

weeks if required. The centre-based PR intervention follows standard clinical practise 

(Alison et al., 2017).  

Group B: mPR Group 

To qualify for the mPR-app participants must own or have regular access to a mobile 

device and have regular access to the internet on the device (mobile data or Wi-Fi). 

Participants who opt for the mPR intervention will receive a technology delivered PR 

programme with content mapped from standard PR programmes and based on best 

practise guidelines (Alison et al., 2017). In addition to mPR-app, each participant 

enrolled in the mPR programme will receive a personally tailored package of text 

messages over the 8-week period. The programme consists of different modules to 

allow content to be tailored to individual clinical characteristics, preferences, and 

demographics. All participants receive a core programme. In addition, if they are a 

smoker, they receive a smoking cessation module and if they experience retained or 

excessive respiratory secretions, they receive the secretion clearance module. 

The programme includes a core component of individually tailored exercise 

prescription consisting of aerobic, resistance and balance exercises. Information 

regarding the safe and effective technique of each exercise will be provided in written 

and video format. Exercise prescription is based on participants initial assessment 

scores (6-minute walk test distance and dyspnoea score mMRC) with participants 

being stratified to four different exercise levels by the recruiting clinician (see Table 21, 

Chapter 4). Participants are encouraged to work at an intensity equivalent of 3-4 on 
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the modified BORG scale. Information regarding the BORG scale will be provided in the 

mPR-app and in a paper manual for participants unable to access the mPR-app. The 

ǇǊƻƎǊŀƳƳŜ ƛǎ ŀŘŀǇǘƛǾŜ ǘƻ ǇŀǘƛŜƴǘΩǎ ŎǳǊǊŜƴǘ ƘŜŀƭǘƘ ǎǘŀǘŜ in several ways: offering 

alternative exercises if a participant is unable to complete the prescribed activity, 

allowing participants to pause the programme if they are unwell, and allowing 

participants to determine if they are ready to progress their exercise programme. 

Participants can self-monitor their progress in the mPR-app which displays the number 

of exercises completed each day. The programme has been designed to monitor 

adherence to exercise by 2-way messaging. Each week on day 7, a message will be sent 

asking the participant how many times they have completed their exercises that week, 

and participants are asked to reply with the number.  

Where appropriate, participants will be asked if they would like to wear an activity-

based sensor for the eight-week period. The mPR-sensor used in this component of the 

study will be a commercially available Fitbit or Withing smartwatch, which monitors 

step count. Participants who already use a sensor can integrate the data with their 

own sensor to the mPR-app. Participants will be asked to wear the mPR-sensor as they 

wish over the eight-week period and will be shown how to use the accompanying app 

at registration. Daily step count and weekly average step count data will be displayed 

on the ΨMy Progress pageΩ of the mPR-app in those using a sensor. Step count data 

from the sensor will be accessed at the end of the study as well as data on how the 

sensor was used and how often. 

Participants will be offered an mPR handbook which is paper manual designed to 

provide additional support on the mPR programme if required. The handbook has two 

sections, the first describing the mPR programme including pictures and descriptions 

of the exercises, and the second part provides instructions on how to access and 

navigate the mPR-app.  

The mPR programme has been tested in a feasibility study (Whittaker et al., 2021) 

which found 85% of participants reporting mPR had an impact on how they managed 

their condition and helped them to change their behaviours.  
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5.4.5 Outcome measures 

All participants will complete a centre-based baseline and follow-up assessment 

appointment. The baseline assessment is completed at first visit, prior to 

commencement of the intervention. The follow-up assessment is completed at end 

intervention (within two weeks of completion). 

Blinding 

Due to the nature of the intervention, blinding of participants is not possible. The 

recruiting physiotherapist will complete the standard PR assessment and an 

independent physiotherapist will undertake baseline and follow up outcome 

measures. The following data will be collected: 

Demographics and Clinical characteristics 

tŀǊǘƛŎƛǇŀƴǘΩǎ demographic and clinical information will be collected at baseline 

assessment (see Appendix T) by the recruiting physiotherapist. The data were collected 

from subjective assessment and hospital records. The data will be entered into REDCap 

software. 

Primary Outcome 

Attendance and completion rates at the different delivery methods of PR will be 

assessed by the following: 

 Group A Centre based ς percentage of classes attended out of the 16 offered.  

Group B mPR ς a proxy measure of attendance will be used by asking 

participants to respond to two text messages per week: 

1. How many times did you complete your exercise programme this 
week? 

2. Are you ready to progress your exercise programme? 

The percentage of responses out of the total 16 text messages will be considered their 

rate of attendance for the mPR group. An a priori definition of pulmonary 

rehabilitation completion will be attending a minimum of 70% of the sessions 

(Williams et al., 2014). 
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Intervention preference 

Patient preference will be assessed by their choice of intervention at recruitment. 

Secondary Outcomes 

The following outcome measures will be completed by the blinded physiotherapist at 

baseline (exercise capacity, symptom score, HRQoL, dyspnoea and activity levels) and 

at follow up (exercise capacity, symptom score, HRQoL, dyspnoea, activity levels, 

adherence and satisfaction), see Figure 17 and 18. 

Exercise Capacity 

Exercise capacity will be measured by change in distance walked on 6-min walk test 

(6WMT) and one minute sit to stand (1-min STS) scores from baseline to follow up (end 

intervention). The 6MWT has been found to be a valid and reliable measure of exercise 

capacity if two tests are conducted to allow for learning effect (Holland et al., 2014). 

The 6MWT has been shown to be responsive to change following PR for people living 

with a chronic respiratory condition (Holland et al., 2014). Two tests will be completed 

at the baseline assessment. 

The 1-min STS has been shown to be valid and reliable measure of exercise capacity in 

people with COPD (Crook et al., 2017). The test has also been found to be responsive 

to change following PR with a minimal important clinical difference found to be 3 

repetitions (Crook et al., 2017).  

Symptom Score 

/ƘŀƴƎŜǎ ƛƴ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǎȅƳǇǘƻƳǎ ǿƛƭƭ ōŜ ƳƻƴƛǘƻǊŜŘ ōȅ ǘƘŜ /ht5 ŀǎǎŜǎǎƳŜƴǘ ǘest 

(CAT) tool at baseline and follow up. The CAT tool is valid and reliable assessment tool 

for health status in people with chronic respiratory conditions (Tsiligianni et al., 2012) 

(Lee & Elkin, 2012; Suzuki et al., 2019). Permission to use the CAT in this study was 

received from Mapi Research Trusts (MRT).  

Health related quality of life 

tŀǊǘƛŎƛǇŀƴǘΩǎ ƘŜŀƭǘƘ ǊŜƭŀǘŜŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ (HRQoL) will be assessed with the EQ-5D tool 

at baseline and follow up. Permission to use the EQ-5D was received from EuroQol 

(#41477), for this study. The EQ-5D has been shown to be a valid and reliable measure 

of HRQoL in people living with CRD (Bae et al., 2020)and has shown to have moderate 
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to strong correlation with disease specific measures of HRQoL in COPD (Nolan et al., 

2016; Pickard et al., 2007). The EQ-5D has been shown to be responsive to PR (Nolan 

et al., 2016), with a minimal important clinical difference in the VAS shown to be 7.0 

(Nolan et al., 2016). 

Dyspnoea 

Participants dyspnoea will be measured using the modified medical research council 

scale (mMRC) (Bestall et al., 1999).  

Physical Activity 

tŀǊǘƛŎƛǇŀƴǘΩǎ ƭŜǾŜƭ ƻŦ ǇƘȅǎƛŎŀƭ inactivity will be indirectly measured with the sedentary 

behaviour questionnaire (SBQ). The SBQ is designed to assess the amount of time 

spent in nine different sitting behaviours and examines a weekday and weekend day. 

This self-reported measure of sedentary behaviour has been shown to be a valid and 

reliable measure of sedentary behaviour in adults (Rosenberg et al., 2010).  

Participant satisfaction 

All participants will be asked to complete a survey on their satisfaction with PR at the 

end of the intervention (see Appendix T). Participants can complete the survey in 

paper or electronic format. Both versions will be requested to be completed at the 

time of the follow up assessment. The satisfaction survey data will be de-identified. 

Follow up interview 

A purposefully selected sample of participants will be invited to complete a follow up 

interview. To ensure diversity of participants a sampling frame has been drawn up and 

can be seen in Appendix Z. Participants will be invited to participate in this follow-up 

interview at the follow-up assessment. The interviews will follow a semi-structured 

format (see Appendix AA). Participants will be asked about their experiences and 

opinions of the mPR programme. All interviews will be completed by the principal 

investigator (SC), who will be involved with recruitment to the study but not delivering 

the intervention. Interviews will be conducted at the participants PR site or remotely 

via telephone or videoconferencing. The interview will take approximately 30 ς 45 

minutes to complete. The follow up interviews will be audio recorded and transcribed 

verbatim. All potentially identifiable information will be redacted from the transcript. 
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Following completion of re-assessment all participants will be offered a koha (gift) as 

appreciation of their time. 

Study Flow Diagrams 

The participant flow through the study is shown in Figure 18 for centre-based 

participants and Figure 19 for mPR participants.  
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Figure 18 

Centre-based participants flow through the preference-based PR study 

 

Note. 6MWT = six-minute walk test, EQ5D = EuroQol, CAT = COPD assessment test, mMRC = modified 

medical research council. 
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Figure 19 

mPR participants flow through the study preference-based PR study 

 
Note. 6MWT = six-minute walk test, EQ5D = EuroQol, CAT = COPD assessment test, mMRC = modified 

medical research council. 
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Data analysis 

Quantitative data analysis 

All quantitative data will be entered into REDCap electronic data capture tools hosted 

by University of Auckland (Harris et al., 2009) and downloaded to IBM SPSS Statistics 

(Version 26) for data analysis. An intention to treat analysis will be conducted and p-

values of <0.5 considered significant. Patient preference will be calculated as 

percentages. Demographic and clinical characteristics will be reported with simple 

descriptive statistics and between-group comparisons will be analysed with 

independent sample t-tests and chi-square tests. Attendance data will be calculated as 

percentage and attendance at >70% sessions considered as completion of the 

intervention. Logistic regression will be used to determine the odds of completing each 

intervention and a multiple logistic regression to identify any predictors of completion. 

The secondary outcome measures will be analysed using analysis of co-variance to 

determine any between group differences. 

Qualitative data analysis 

Interview transcripts will be transcribed verbatim using NVivo qualitative data 

transcription software, QSR International Pty Ltd (2020). The transcripts will be 

checked for accuracy and any identifiable data removed. The qualitative data will be 

analysed using thematic analysis. The transcripts will be read and undergo 

familiarisation before coding of data. Themes will be derived from the coded data. 

Quotes will be used to substantiate themes. 

5.4.6 Ethics and Trial registrations 

Ethical approval has been received from Health and Disability Ethics committee 

(21/NTB/54) and Auckland University of Technology Ethics Committee (AUTEC) 

21/113. The trial is registered with Australian and New Zealand clinical trial registry 

(ACTRN12621000365864p). The study received locality approval at Counties Manukau 

Health (1396) and ²ŀƛǘŜƳŀǘņ District Health Board (RM14968). 

5.4.7 Safety and adverse events 

If an adverse event (AE) was to occur onsite or is reported, the researcher will record 

the AE on the adverse events form and a meeting of the project management team 
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will be called to discuss the AE. The outcome of this meeting will be a) minor AE ς 

monitor with subsequent participants b) major AE ς halt data collection until 

modifications have been made, or c) serious AE ς halt data collection and investigate 

AE, inform HDEC. 

5.4.8 Ownership of data 

Individual study data will remain the property of individual participants. AUT University 

has the responsibility for storage, protection, and retrieval of study data. Data will be 

stored securely on a password protected data stick within a locked cabinet, located in 

a locked office at Middlemore Hospital until all data collection is completed and then 

stored at AUT University North Campus for 10 years, accessible only to the research 

team and after this time will be safely destroyed.  

5.4.9 Data management 

All participants will be given a unique identification code. The NHI (patient hospital 

identification index) and code will be stored on a password protected memory stick. 

The de-identified data will be stored on a purpose-built online database using REDCap 

software, with password protection and access restricted to the research team only. 

No identifying information will be stored on the online database. 

5.4.10  Protocol Amendments 

A summary of protocol amendments can be seen in Table 23. A major protocol 

amendment occurred partway through the trial when national restrictions due to 

COVID-19 pandemic forced closure of all centre-based services. This meant 

recruitment had to stop short of the target sample size. It also meant all centre-based 

participants had to pivot to telerehabilitation options. These key changes can be seen 

in the CONSORT for extenuating circumstances (Orkin et al., 2021) in Appendix X. 
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Table 23 

Protocol Amendments 

Section heading Amendment 

Recruitment Patient invitation to study moved from telephone call to invitation 
completed in-person at initial PR assessment clinic. 

Primary Outcome Centre-based stopped due to COVID-19 ς primary outcome amended 
to percentage of classes offered, previously percentage of 16 classes.  

Telephone calls offered once weekly or zoom classes twice weekly. The 
intervention duration was 8 weeks for both groups. 

Intervention Centre-based PR 

When face-to-face was stopped all services pivoted to 
telerehabilitation. Participants were given the option of individual 
telephone calls (once per week) or group video-conferencing classes 
(twice weekly). 

Sample size Recruitment had to stop when all face-to-face stopped. Recruitment 
stopped at n =36 in the smallest group (target n = 50) 

Outcome 
measures 

Return to centre for follow-up assessment ς occurred for 5 
participants, remainder forced to occur over the phone 

6 MWT ς only able to be completed at baseline 

1 min STS ς only able to be completed at baseline 

EQ5D, SBQ and CAT completed over the phone rather than in-person 

Note. 6MWT = six-minute walk test, 1 min STS = one minute sit to stand, EQ5D = EuroQol % dimension, 
SBQ= sedentary behaviour questionnaire, CAT = COPD assessment test, PR = Pulmonary Rehabilitation 
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 The impact of patient preference on attendance and completion rates 

at centre-based and mHealth pulmonary rehabilitation: A non-inferiority 

pragmatic clinical trial  

6.1 Prelude to manuscript 

The following chapter is designed to address objective 4 of the thesis: 

The current study aims to identify patient preference for this mode of delivery of 

PR and to ascertain if allowing participants to choose their delivery method this 

may improve the rate of attendance PR. 

6.1.1 Why was the study needed? 

The reach of current PR services in NZ is suboptimal with low rates of access, uptake 

and completion (Candy et al., 2020a; Levack et al., 2012). The overarching goal is to 

develop an alternative model for delivering PR which can increase the reach of 

services. To evaluate if mPR can achieve this goal a preference-based study was 

required. 

6.1.2 What was undertaken? 

To understand the patient preference for different delivery methods, all patients who 

attended the PR clinics at three hospitals in Auckland, were offered the opportunity to 

be part of the study. Participants were given the option of attending the standard PR 

programme (centre-based) or to participate in our mHealth PR programme (mPR). The 

assessment and follow-up were the same for both programmes. Both programmes 

were 8 weeks in duration and involved exercise and self-management education. 

tŀǊǘƛŎƛǇŀƴǘΩǎ attendance with the programme was recorded along with information on 

preference and health outcomes. 

6.1.3 Publication citations 

Candy, S., Reeve, J., Dobson, R., Whittaker, R., Garrett, J., Warren, J., ... & Taylor, D. 

(2023). The Impact of Patient Preference on Attendance and Completion Rates at 

Centre-Based and mHealth Pulmonary Rehabilitation: A Non-Inferiority Pragmatic 

Clinical Trial. International Journal of Chronic Obstructive Pulmonary Disease, 1419-

1429. 
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https://doi.org/10.2147/COPD.S408423 

Contribution by the candidate 

The candidate contributed to the overall study design. She was responsible for, and 

carried out, the study procedures with support from her supervisors and Dr Rosie 

Dobson and Professor Robyn Whittaker. She cleaned the data and analysed the 

baseline data. Analysis of primary and secondary outcomes was competed by co-

author Usman Rashid. The candidate wrote the manuscript with contributions from all 

authors.  

Supporting Documents 

The following supporting documents can be found in Appendices: Consort checklist for 

pragmatic trials, Consort checklist for COVID-19 impacts and TIDieR checklist. 

The COVID-19 restrictions were in place from 17 August to 2 December 2020. 

  

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

Background and objective 

Pulmonary rehabilitation (PR) is a vital component 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 participants are given a preference regarding 

model of delivery (centre-based and mHealth (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 based in Auckland, New 

Zealand. Participants with a CRD referred for PR were offered the choice of centre-

based or web-based PR (mPR). The primary outcome was completion rate of chosen 

intervention..  

Results 

105 participants were recruited to the study with 67 (64%) opting for centre-based and 

38 (36%) preferring 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 ς 4.35]). 

Participants opting for mPR were significantly younger (p=0.002) and significantly more 

likely to be working (p=0.0001). Results showed 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 highest with telephone calls 

and video-conferencing compared to mPR ς suggesting synchronous 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 mPR may offer a viable alternative 
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to centre-based PR programmes for some participants, especially younger employed 

participants. 

6.3 Introduction 

Chronic respiratory disorders (CRDs) contribute 7% of the global burden of disease, 

and are the third leading cause of death worldwide (Maio et al., 2016). People with 

CRD experience considerable symptom burden including shortness of breath, fatigue, 

and 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 (Martijn A. Spruit 

et al., 2013).  It is usually delivered in group sessions twice weekly over eight-weeks 

(Alison et al., 2017). Systematic reviews of PR have demonstrated reductions in 

breathlessness, reduced hospital admissions for acute exacerbations and improved 

HRQoL (McCarthy et al., 2015; Puhan et al., 2016). Clinical guidelines strongly 

recommend referral to PR for all patients with COPD and increasing evidence 

supporting PR for other CRDs (Dowman et al., 2021; Pasteur et al., 2010). Despite this, 

up to 50% of people referred do not attend and of those attending, 10-32% fail to 

complete PR (Keating et al., 2011). Known barriers to attendance and completion 

include travel distance, transport, illness, and lack of perceived benefit (Keating et al., 

2011). 

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 (Dobson et al., 2018; Pfaeffli 

Dale et al., 2016). An mHealth PR programme (mPR) was developed in 2020  for use in  

Aotearoa New Zealand (NZ) context by our team of public health and mHealth experts, 

physiotherapists, respiratory physicians, psychologists, respiratory nurse specialists, 

cultural experts, and ongoing input from end users (see Chapter 4) (Dobson et al., 

2019; Whittaker et al., 2021). The feasibility of this programme has been 

demonstrated for people living with a CRD in NZ. 

Patients have preferences for how they receive rehabilitation programmes (Chaplin et 

al., 2017; Holland et al., 2017) however an important limitation in PR clinical trials to 

date is that they do not account for patient preferences for mode of delivery (Chaplin 
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et al., 2017; Cox, McDonald, Alison, et al., 2018; Hansen et al., 2020; Holland et al., 

2017) . Several home-based trials of PR have reported low uptake due to ǇŀǊǘƛŎƛǇŀƴǘǎΩ 

preference for centre-based PR (Chaplin et al., 2017; Cox, McDonald, Alison, et al., 

2018; Hansen et al., 2020; Holland et al., 2017). 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. 

6.4 Methods  

6.4.1 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.  

6.4.2 Participants 

Patients who attended PR clinics at the participating hospitals were invited to take part 

in the study. Eligiōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ ǿŜǊŜ ŀƎŜ җму ȅŜŀǊǎΣ ǇƘȅǎƛŎƛŀƴ ŘƛŀƎƴƻǎŜŘ /w5, able to 

read and understand English, and participants should not have completed PR within 

the last year. The mPR group required access to a standard mobile phone capable, at a 

minimum, of sending and receiving text messages. 

6.4.3 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 within 

two weeks of intervention end by the attending PR team who were not blinded to 

group allocation.  
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6.4.4 Interventions: 

All participants in both groups attended a standard centre-based PR assessment based 

on best practise guidelines, which included a measure of exercise capacity (6 minute 

walk test), HRQoL (EQ5D), health status (CAT test) 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. 

Particiants were informed they were to exercise five times per week regardless of 

group allocation. 

Centre-based PR  

This followed best practise guidelines which was standard care at all study sites (Alison 

et al., 2017). Participants received face-to-face group exercises twice a week 

supervised by senior PR physiotherapist, and self-management education delivered by 

a member of the PR team. Participants were given a home-based exercise programme 

to complete on a further three days per week. Further intervention details are 

described in TIDiER checklist in Appendix Y. 

Mobile Pulmonary Rehabilitation (mPR) 

The mPR  was based on standard PR programmes and met with best practise 

guidelines, including a patient-tailored intervention based on assessment findngs. The 

multicomponent intervention was delivered to participants through text messages 

(SMS) with or without an optional web-based app and wearable sensor (Fitbit or 

Withing). 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 TIDiER checklist in Appendix 

Y). 

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 
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per protocol and the following protocol change was therefore necessary to be 

implemented for those in the centre-based PR arm of the study. 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 (VC). All interventions were interpersonal and synchronous to 

mimic 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 were scheduled to complete their 8-

week PR programme.  

6.4.5 Outcomes 

The primary outcome was attendance and completion which was recorded as a 

percentage of the number of sessions offered. Completion was defined as attendance 

җ70% (Williams et al., 2014). 

1. For the centre-based group attendance was initially two sessions per week. 

However, modifications due to COVID-19 restrictions meant some centre-based 

participants had to pivot to receiving weekly telephone calls or twice weekly 

VCΩǎ. 

2. 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 then second if participants 

were ready to progress their exercise programme.  

This measure of attendance was chosen as it was achievable for all participant 

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, e.g. app page views, SMS 

sent/received) and clinical outcomes: HRQoL (EQ5D-VAS) (Rabin & Charro, 2001), 

symptom score (COPD assessment test (CAT)) (Tsiligianni et al., 2012), dyspnoea 

(Modified Medical Research Scale (mMRC)) (Launois et al., 2012) and time in sedentary 

activities (sedentary behaviour questionnaire (SBQ)). 



 

120 

6.4.6 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 PR group 

based on previous research findings (Candy et al., 2020b). Calculations were based on 

a non-inferiority margin of 30% between the groups.  Using a statistical power of 80% 

te 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-ōŀǎŜŘ twκhŘŘǎ ƻŦ ŎƻƳǇƭŜǘƛƻƴ ƛƴ Ƴtw җ оΦр όŜǉǳƛǾŀƭŜƴǘ ǘƻ /ƻƘŜƴsΩ d=0.5 (Wang 

& Zhang, 2012)).Data were analysed using IBM SPSS Statistics (Version 26) and R 

environment for statistical computing (Team, 2013) . 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 dependent variables group choice 

and completion 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-

ƛƴŦŜǊƛƻǊƛǘȅ ƳŀǊƎƛƴ ŜǉǳƛǾŀƭŜƴǘ ǘƻ /ƻƘŜƴΩǎ Ř=0.5. These non-inferiority tests evaluated 

whether the differences between centre-based and mPR were smaller than a medium 

effect size as this corresponds to a clinically meaningful difference (Sedaghat, 2019). 

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. 

6.5 Results  

A total of 129 participants were screened for eligibility and 105 recruited. 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%) 
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participants; 63/67 (94%) from the centre-based group, and 32/38 (84%) from mPR. 

Flow of participants through the study can be seen in Figure 20. 

Figure 20 

Study Flow Diagram through the preference-based study 

 
Note. VC = video conference 
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The demographic and clinical characteristics of participants at baseline can be seen in 

Table 24. Those who chose mPR were significantly younger (p=0.002) and more likely 

to be working (p=0.0001).  
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Table 24 

Baseline characteristics of participants by preferred intervention. Data are number (%) of 

participants unless stated otherwise. 

Characteristic Centre 
(n = 67) 

mPR 
(n = 38) 

P value 

Gender: Female/Male 41/26 26/12 2̝=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    

aņƻǊƛ  13 (19%)  6 (16%) ˔2=0.214 (p=0.644) 

Pacific peoples  6 (9%)  7 (18%) 2̝=2.003 (p=0.157) 

European/Other1  48 (72%)  25 (66%) ˔2=0.392 (p=0.531) 

Primary condition    

     COPD  42 (63%)  22 (58%) 2̝ =0.234 (p=0.629) 

     Bronchiectasis  12 (18%)  5 (13%) ˔2=0.404 (p=0.525) 

     Interstitial Lung disease  6 (9%)  3 (8%) ˔2=0.035 (p=0.852) 

     Other*  9 (13%)  8 (20%) ˔2=1.038 (p=0.308) 

Smoking status    

     Current smoker  10 (15%)  6 (16%) ˔2=0.656 (p=0.720) 

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

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

Employment status    

     Employed  6 (9)  21 (58) 2̝=28.5 (p=0.000) 

     Not working  59 (91)  15 (42)  

Highest education level    

     Trade or below  42 (63%)  15 (40%) ˔2=5.747 (p=0.057) 

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

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

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

1-min. 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 (hrs/wk), mean (SD)  57.1 (27.2)  69.6 (27.6) t=-2.045 (p=0.881) 

Note: mMRC= modified medical research council, CAT = COPD assessment test, EQ5D VAS = EQ5D visual 
analogue scale, SBQ = sedentary behaviour questionnaire 
* Other = Asthma (n=6), post-surgery (n=2), alveolar proteinosis (n=1), OSA (n=8) 

Due to a national COVID-19 lockdown, the planned face-to-face follow-up assessment 

was able to be completed for only three (4%) centre-based and two (6%) mPR 

participants. The remaining participants completed the follow-up assessment over the 



 

124 

telephone. The face-to-face elements that were unable to be completed were the 6-

minute walk test and one minute sit to stand test. Elements which were able to be 

assessed over the phone for the remaining participants were CAT, EQ5D, SBQ and 

mMRC.  

6.5.1 Primary Outcome 

The overall proportion of participants who completed җ70% of the available sessions 

was 67%; 50/67 (75%) in centre-based, and 20/38 (53%) in mPR. 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 ς 4.35]). We 

were unable to reject the non-inferiority null hypothesis (H0Υ hŘŘǎ Ǌŀǘƛƻ җ оΦрΣ Ȋ-value = 

-1.446, p-value = 0.074), and thus we cannot confirm whether mPR is able to achieve a 

completion rate which is not lower than centre-based. 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 25) did not identify any significant predictors 

of completion. No multicollinearity existed between variables. 

Table 25 

Multivariate Logistic Regression 

Variable Level Odds ratio H0: Odds ratio=1, 
p-value 

Choice Centre 1.744 (0.37 ς 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-aņƻǊƛκ 
non-Pacific 

0.572 (0.145-2.27) 0.427 

Employment Working 0.389 (0.77 ς 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 

Note: 6MWT= six-minute walk test, mMRC ς modified medical research council 

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%) participants were affected, with two 



 

125 

participants declining telehealth. The remaining 52/67 (78%) were subsequently given 

the choice of telephone calls or VC classes, with 41/52 (78%) opting for telephone and 

11/52 (21%) VC. Attendance rates for both groups are shown in Figure 21. 

Figure 21 

Box and Whisker plot showing attendance rates at Pulmonary Rehabilitation 

 

 

Of the 38 participants 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. According to our a priori definition the 

completion rate for the mPR group was 53%.  

6.5.2 Engagement in mPR 

The mPR app dashboard was viewed by participants a total of 8,593 times during the 

study period and videos were opened 1,038 times. A total of 3932 SMS were sent to 

participants (mean per participant = 109.22, range 14-169). Of those who started mPR 

33/38 (87%) engaged to some degree (responded to SMS, 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.  

Key: 
X = mean 
ω Ґ ƻǳǘƭƛŜǊ  
Outlier < Q1-1.5*IQR 

Centre-based 

mPR 
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6.5.3 Secondary outcomes 

Centre-based participants demonstrated improvements in dyspnoea, symptom scores 

and HRQoL, with no change in time spent in sedentary behaviour (SBQ) (Table 26). 

mPR participants showed improvement in symptom scores and reduced time in 

sedentary behaviour but did not show improvements in dyspnoea or HRQoL. Statistical 

analysis showed mPR was not inferior to centre-based PR in terms of changes in health 

status (CAT) or time spent in sedentary behaviour (SBQ), and thus we could reject the 

non-inferiority null hypothesis for these outcomes,  but we were unable to exclude 

non inferiority for dyspnoea (mMRC) or HRQoL (EQ5D). 
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Table 26 

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 

H0Υ a5 җ лΦр /ƻƘŜƴΩǎ Ř 
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 Җ  -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) -.28 (1.1)  -0.473  [-0.84, -0.107] H0: MD Җ  -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 Җ  -13.9 t[91]=  -3.074, <0.0014 

EQ5D-
VAS 

63 (23) 65 (21) 70 (19) 64 (21) 7.25 (25) -1.9 (22)  7.35  [-0.952, 15.6] H0Υ a5 җ  11.1 t[91]=  -0.899, 0.1855 

Note. CAT = COPD assessment test, mMRC= modified medical research council scale, SBQ= sedentary behaviour questionnaire, EQ5D-VAS = EuroQol 5 dimension visual analogue 

scale. MD = mean difference and is defined as Centre based ς mPR 
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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. 

6.6 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 compared to mPR, 

even if this centre-based model were forced to transition to a telephone/VC model. 

Despite this 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. Our centre-based completion rate is 

similar to a National UK audit rate (Steiner et al., 2015a) and higher than a previous NZ 

audit at our centre where completion rates were 61% (Candy et al., 2020a). 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. Previous home-based PR trials using telephone calls and VC have 

shown higher completion rates than centre-based PR (Holland et al., 2017; Tsai et al., 

2017) ŀƴŘ ƛǘ Ƙŀǎ ōŜŜƴ ǎǳƎƎŜǎǘŜŘ ƛǘ ƛǎ ŜŀǎƛŜǊ ǘƻ ΨŀǘǘŜƴŘΩ ŀ ǘŜƭŜǇƘƻƴŜ Ŏŀƭƭ ǘƘŀƴ ǘǊŀǾŜƭ ǘƻ ŀ 

centre (Holland et al., 2017). We also believe this to be especially the case in our study, 

when the national COVID-19 restrictions required people to stay at home thus making 

them more available to answer calls. This study has shown whilst 64% of participants 

preferred centre-based PR, when forced to transition to telerehabilitation models 

(telephone and VC), the attendance and completion rates improved for this group 

indicating that once the therapeutic relationship had been established, participants 

were able to successfully transfer to remotely delivered PR and maintain this 

relationship at a distance. 

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 
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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 

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 interventions (Danaher et al., 2006; Yeager & Benight, 2018) and we are reliant 

on either subjective reports or system measures, such as participants 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 interventiojn, 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 time of the intervention (Bourne et al., 2017; Chaplin et al., 2017) , 

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. Several authors have 

stressed the importance of training participants in the use of technology (Alwashmi et 

al., 2020a; Vorrink et al., 2017) and the inclusion of technical support to facilitate this 

should be considered in any future work. Our mPR programme was designed to be 

asynchronous, ΨǎǘŀƴŘ-ŀƭƻƴŜΩ intervention with no scheduled clinician interactions and 

whilst participants were advised they could contact a clinician through the mPR 

ΨŎƻƴǘŀŎǘ ǳǎΩ ǇŀƎŜΣ only four participants did so. It is possible that adding regular 

contact points would establish a therapeutic relationship with 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 (Benzo et al., 2018). Interestingly The American 

Thoracic Society suggests that (Holland et al., 2021) regular contact between health 

care professionals and the patients was desirable rather than essential.  



 

130 

Our results show that whilst two-thirds of participants preferred centre-based PR, one-

third of participants preferred mPR, and that in patients who are younger, employed 

and living in rural locations mPR offers 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 (Bondarenko et al., 2021) 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 improvements seen only for health status scores (CAT). 

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 

(Lacasse et al., 2007), with a recent Cochrane review showing equivalence in outcomes 

between telerehabilitation and centre-based PR. (Cox et al., 2021) However, our trial 

along with other pragmatic trials have failed to show improvements in HRQoL (Hansen 

et al., 2020; Holland et al., 2017). 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 (Hume et al., 2020) , 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. An advantage of the 

pragmatic trial design of this study was the broad inclusion criteria reflecting clinical 

practise and resulting in low rate of participant declining participation. 
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6.7 Conclusion 

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 

referred for PR 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 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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 The participant experience of mobile technology delivered pulmonary 

rehabilitation 

7.1 Prelude to manuscript 

The following chapter is designed to address objective 5 of the thesis: 

To evaluate end-user experiences of the NZ purpose designed mHealth 

intervention (mPR). 

7.1.1 Why was the study needed? 

Capturing the patient experience is important when developing an alternative method 

for delivering PR to ensure the intervention is patient centred. These personal stories 

can provide us with critical insights into how an intervention is accepted and which 

components can enhance or obstruct engagement. This was particularly important in 

this study as the national COVID-19 restriction occurred through the study period 

making for unprecedented times.  

The aims of this study were to (1) evaluate the satisfaction, usability, and usefulness of 

mPR by comparing this to centre-based PR and (2) to identify factors which impact 

participation in mPR.  

7.1.2 What was undertaken? 

A mixed methods design was used incorporating quantitative and qualitative data. Two 

data collections tools were used: a participant feedback questionnaire and semi 

structured interviews. 

The feedback questionnaire was completed by all participants included in the 

preference trial (n= 32). The interview was completed with a purposeful sample of 

participants from the mPR group (n=17). 

7.1.3 Publication citations 

The manuscript will be submitted to Respiratory Care following publication of the 

preference study manuscript. 
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7.1.4 Contribution by the candidate 

The candidate contributed to the overall study design. She was responsible for, and 

carried out, the study procedures with support from PhD supervisors, Dr Rosie Dobson 

and Prof Robyn Whittaker. She analysed the data with assistance from PhD supervisors 

and wrote the manuscript with contributions from all authors. 

7.1.5 Supporting Documents 

The following supporting documents are included in the Appendices: semi structured 

question guide, sampling framework and sample of coding manuscripts and COREQ. 
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7.2 Abstract 

Background 

The efficacy of Pulmonary Rehabilitation (PR) in the management of chronic 

respiratory disorders is clearly established. To address issues of poor uptake and 

completion in traditional centre-based PR programmes, new models of PR delivery are 

being developed. One model is PR delivered via mobile technologies (mHealth). 

Understanding the end-user experience with these alternative models is important to 

ensure they are patient-centred and have high levels of engagement. A preference 

based clinical trial was conducted in NZ to assess the attendance, completion, and 

preferences of people between mHealth (mPR) and centre-based PR. During this trial 

an evaluation of user experiences with mPR was conducted. 

Aims 

To evaluate the satisfaction, usability, and usefulness of mPR for participants who 

elected to undergo their PR via mobile technology and to identify factors which 

impacted their participation in mPR.  

Method 

This study was nested in a preference-based trial evaluating participant rate of 

attendance, completion, and preference for different delivery methods for PR (centre-

based or mPR). The current study used a mixed methods design utilising quantitative 

and qualitative data from participants who chose to undertake PR via mPR. On 

completion of the mPR intervention a feedback questionnaire was administered to all 

mPR participants who completed follow-up assessments (n= 32) to evaluate their 

experiences of undertaking mPR. A purposeful sample of these participants (n = 17) 

completed qualitative semi-structured interviews to explore more in-depth patient 

experiences with the mPR programme. 

Findings 

Participants undertaking PR via mPR reported high satisfaction with mPR and 

considered it useful, inclusive, and easy to use. Follow-up interviews found 

engagement with mPR was enhanced by personal convenience, feeling supported and 

the feedback provided through mPR. Health concerns, logistics and COVID-19 

restrictions implemented during the study impacted participation for some.  
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7.3 Introduction 

Pulmonary rehabilitation (PR) is a highly effective intervention with clearly proven 

benefits in the management of CRD (McCarthy et al., 2015). The Cochrane 

Collaboration recommends no further trials of effectiveness are required as the 

outcomes are conclusive (McCarthy et al., 2015). Despite known efficacy of PR, 

attendance and completion of PR programmes remains a problem (Candy et al., 2020a; 

Levack et al., 2012; Moscovice et al., 2019; Rochester et al., 2015). The reasons for this 

are multifactorial but include patient related factors and service organisational factors 

(Cox et al., 2017; Keating et al., 2011; Lahham & Holland, 2021). 

Telerehabilitation is the delivery of rehabilitation services at a distance through the use 

of technology (Cox, McDonald, Hill, et al., 2018) and provides an opportunity to 

overcome many of the barriers to attending centre-based PR, providing alternative 

options which may increase the access, uptake, and completion of PR. To date, several 

models of telerehabilitation have been trialled including telephone, video 

teleconferencing, and mobile technology (Bourne et al., 2017; Holland et al., 2017; Tsai 

et al., 2017). A recent systematic review has shown telerehabilitation interventions in 

PR are safe and likely to be equivalent in outcomes to centre-based models, however 

the small number of studies and large variation in study methods used makes this 

conclusion guarded (Cox et al., 2021). Furthermore, the studies included in /ƻȄ Ŝǘ ŀƭΩǎ 

systematic review showed challenges in recruiting to telerehabilitation trials 

suggesting telerehabilitation may not be the preferred modality for PR, with between 

39% and 80% of patients across studies declining due to a stated preference for 

centre-based (Cox, McDonald, Alison, et al., 2018; Holland et al., 2017), or concerns 

around technological challenges (Simonÿ et al., 2019; Tsai et al., 2017). 

Several qualitative studies have explored the patient perception of partaking in 

telerehabilitation, and this has informed our understanding of some the barriers for 

participants, including device access, digital competency, internet access, illness 

duration and lack of peer support (Alwashmi et al., 2020b; Dobson et al., 2019; Inskip 
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et al., 2018; Lahham et al., 2018b; Tsai et al., 2016). These identified barriers raise 

concern that these new delivery modalities may create different barriers to 

participation than those with centre-based PR, potentially furthering inequities rather 

than increasing access for all participants. 

In an attempt to increase the reach of PR in NZ, we developed an mHealth PR 

programme (mPR), which is an individually tailored and theoretically based PR 

intervention delivered via mHealth. The mPR programme has been designed to allow 

participation for everyone regardless of level of digital access or digital literacy. The 

essential components of PR are delivered through an individualised mPR-app and 

personally tailored text messaging. The content of mPR was mapped from standard PR 

programmes and based on best practise guidelines (Alison et al., 2017) and is 

described in Chapter 4. The programme includes exercise prescription consisting of 

aerobic, resistance and balance exercises, and strategies to support self-management 

behaviour change such as daily text messaging and tips and tools modules.  

The patient preference for and attendance at mPR or centre-based PR was assessed in 

a preference based clinical trial, an overview of the participant flow through the trial 

can be seen in Figure 22. Although the trial investigated the impact of the choice of 

modality on attendance, completion, and health outcomes (Chapter 6), understanding 

participant experiences with interventions is crucial to assist in their evaluation and to 

inform improvement.  

This study presents an evaluation of participant experiences with the mPR programme. 

The aims of this study were to  

1. evaluate the satisfaction, usability, and usefulness of our mPR programme from 

ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǇŜǊǎǇŜŎǘƛǾŜ ŀƴŘ  

2. to identify factors which were reported by participants as impacting on their 

participation in mPR. 

7.4 Methods 

The study was nested in a preference-based clinical study aiming to compare the 

attendance and completion of PR when participants had the choice of how they 

received their intervention (centre-based or via mPR), at three tertiary hospitals in 
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Auckland, New Zealand. This nested mixed methods study had two parts - a feedback 

questionnaire and semi-structured interviews. Ethical approval for this study was 

granted by the HDEC 21/NTB/54 and the study was registered with Australian New 

Zealand Clinical Trials Registry (ACTRN12621000365864p). 

7.4.1 Mixed method approach 

The study used an integrated mixed methods design (Creswell & Creswell, 2017; 

Giddings & Grant, 2006), where qualitative data were analysed following quantitative 

questionnaire analysis, to increase interpretability and allow greater understanding of 

the user experience (Greene et al., 1989). All participants enrolled in the mPR group 

were asked to complete a post intervention feedback questionnaire at the time of the 

post-intervention assessment (8-weeks). A purposive sample of participants from the 

mPR group was asked to undertake a semi-structured interview which, due to COVID-

19 restrictions, was completed over the telephone.  

Questionnaire 

The feedback questionnaire was designed based on a pre-existing and currently 

utilised questionnaire at a centre-based PR programme at one of the recruiting sites in 

the study. Additional questions were included regarding the technology component. 

The questionnaire included closed and open ended questions, and included 16 general 

feedback and 12 mPR related questions which were piloted in an earlier feasibility 

study (Whittaker et al., 2021).(see Appendix T). The questionnaire data were collected 

and managed using REDCap electronic data capture (v8.5.0). Participants were 

informed they may complete the questionnaire via an online link, paper format, or 

over the telephone.  

Semi-structured Interviews 

The semi structured interviews were conducted with a purposive sample of mPR 

participants and used open ended questions, focusing of ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŜȄǇŜǊƛŜƴŎŜǎ 

with the intervention. Due to COVID-19 restrictions, it was necessary that all the 

interviews were completed over the telephone. All interviews were completed by the 

primary researcher (SC). The interviewer was a female ǇƘȅǎƛƻǘƘŜǊŀǇƛǎǘ ǿƛǘƘ Ҕмр ȅŜŀǊǎΩ 

experience delivering PR. The interviewer was involved in recruitment to the study but 

not the delivery of the intervention. The interviews ranged from 20 ς 50 minutes in 
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duration and were completed within four weeks of intervention completion. 

Interviews were audio-recorded and transcribed verbatim using NVivo transcription 

(version 12), which were reviewed against the audio recordings to ensure accuracy. 

Any information that identified an individual was removed from the transcripts. 

Recruitment 

Participants were recruited for the semi-structured interviews based on a sampling 

framework developed by the authors to ensure diversity and representation of 

participants, including known barriers to attending PR (see Appendix Z). Younger 

ǇŜƻǇƭŜΣ ǘƘƻǎŜ ǿƛǘƘ ƭƻǿŜǊ ŜȄŜǊŎƛǎŜ ǘƻƭŜǊŀƴŎŜΣ ŎǳǊǊŜƴǘ ǎƳƻƪŜǊǎΣ ŀƴŘ ǇŜƻǇƭŜ ƻŦ aņƻǊƛ 

(indigenous population of NZ) and Pacific Island ethnicity have been shown to be less 

likely to participate in PR programmes (Candy et al., 2020a) and it was considered 

important to include these participants in the interviews to better understand their 

experiences.  

Data analysis 

All data provided in the questionnaire was de-identified and analysed by aggregation. 

Categorical data were reported through counts and percentages. The qualitative data 

from the questionnaire was analysed using inductive thematic analysis emphasising 

semantic themes and illustrated using participant quotes (Clarke et al., 2015). 

All interview transcripts were de-identified and initially analysed through 

familiarisation, exploration, and complete coding by SC. The transcripts were read and 

re-read to allow for familiarisation with the data before exploring the data for codes. 

Complete coding was undertaken by systematically working through the data and 

extracting data relevant to the research aims (see Appendix BB). The codes were then 

reviewed and revised as necessary by DT and JR. Patterns in the data were identified 

and themes were developed through the process of thematic analysis (Clarke et al., 

2015). Participant quotes are used to explain and substantiate each theme. 

 

Finally, the analysed data from the questionnaire and interviews were woven together 

to form a broader insight. The quantitative results were integrated with the findings 

from the qualitative analysis to provide comprehensive evaluation of patient 

experiences with mPR. All quotes contained here arose directly from the interviews. 
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7.5 Results 

The flow diagram for the preference trial in which this study was nested can be seen in 

Figure 22. Of the 129 participants who attended PR clinics and were assessed for 

eligibility, 105/129 (81%) provided consent to be part of the preference trial, with 67 

(64%) choosing centre-based PR and 38 (36%) opting for mPR. 

Figure 22 

Study flow diagram for end-user experience study 

 
 

Of the 38 participants who chose mPR: 5% (2/38) were not eligible following baseline 

assessment, 84% (32/38) completed the questionnaire, with 10% (4/83) lost to follow 

up and 17 were selected to complete the semi-structured interview. The data 

collection for the questionnaire and semi-structured interviews occurred between 

August and December 2021. The demographic characteristics of the participants who 

chose mPR along with the subgroups of the questionnaire and interview participants 

can be seen in Table 27. 

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)

Preferred centre-based PR (n=67)

Received intervention (n=67)

Preferred mPR group (n=38)

Received  intervention (n=36)
Unwell on assessment (n=2)

Completed Feedback Study
Questionnaire (n=32)
Interviews (n=17)
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Table 27 

Participant Characteristics 

Characteristic mPR Group 
(n = 38) 

Questionnaire 
(n=32) 

Interview 
Group 
(n = 17) 

Age, years (mean, SD)  64 (11)  66 (11)  68 (13) 

Male/female, n 42/26 39/23 7/10 

Ethnicity, n (%) 

   NZ European/Other 

   aņƻǊƛ 

   Pacific 

 

 25 (66%) 

 6 (16%) 

 7 (18%) 

 

 22 (69%) 

 4 (12%) 

 6 (19%) 

 

 10 (59%) 

 2 (12%) 

 5 (29%) 

Smoking status 

   Current 

   Ex-smoker / never smoker 

 

 6 (16%) 

 32 (84%) 

 

 4 (12%) 

 28 (87%) 

 

 1 (6%) 

 16 (94%) 

Living situation 

   Alone 

   With family 

 

 8 (21%) 

 30 (79%) 

 

 7 (22%) 

 25 (78%) 

 

 5 (29%) 

 12 (71%) 

Working 

   Working 

   Not working 

   Not stated 

 

 21 (55%) 

 15 (39%) 

 2 (5%) 

 

 17 (53%) 

 13 (41%) 

 2 (6%) 

 

 7 (41%) 

 10 (59%) 

  0 (0%) 

Diagnosis 

   COPD 

   Bronchiectasis 

   Interstitial Lung Disease 

   Asthma 

   Other  

 

 22 (58%) 

 5 (13%) 

 3 (8%) 

 6 (16%) 

 2 (5%) 

 

 18 (56%) 

 4 (12%) 

 3 (9%) 

 5 (16%) 

 2 (6%) 

 

 9 (53%) 

 3 (18%) 

 2 (12%) 

 2 (12%) 

 1 (6%) 

Note.  COPD = Chronic Obstructive Pulmonary Disease 

* Other = (post-surgery n=2, protein alveolitis n=1, asthma n=1),  

7.5.1 Usefulness of mPR 

Of the 32 participants that completed the questionnaire, 31 (97%) reported they found 

the mPR programme to be ΨusefulΩ. When asked to rate how useful the programme 

was on a Likert scale from 0 (not useful) to 5 (extremely useful) participants gave a 

median rating of 4.2 (IQR 1). Participants were asked their general thoughts about the 

programme and the majority (27/32) described their experience with mPR to be 

positive.  

 άL ŎƻǳƭŘƴΩǘ ōŜ ƘŀǇǇƛŜǊΧ L ŦŜŜƭ ōŜǘǘŜǊ ƴƻǿ ǘƘŀƴ L ƘŀǾŜ ŦƻǊ ȅŜŀǊǎΧΣ L 
thought I was going to end up bed ridden and doing those exercises 
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ŜǾŜǊȅ Řŀȅ Χƛǘ ǊŜŀƭƭȅ ƳŀŘŜ ƳŜ ŦŜŜƭ ƎƻƻŘ ŀƴŘ L ǿƻǳƭŘ ǊŜŎƻƳƳŜƴŘ ƛǘ ΧΦ 
L ŦŜŜƭ ǎƻ ƳǳŎƘ ōŜǘǘŜǊΣ ŜǾŜǊȅ ƳƻǊƴƛƴƎ L ƻǇŜƴ ǘƘŜ ŀǇǇΣ ƛǘΩǎ ŀ ǊŜŀƭ 
ƛƴŎŜƴǘƛǾŜέ (female 74yrs) 

άL ǘƘƻǳƎƘǘ ƛǘ ǿŀǎ ǿŜƭƭ ƻǊƎŀƴƛǎŜŘ ŀƴŘ Ƙŀǎ benefited me. It gave more 
me confidence and made me feel more capable of doing things. I was 
wary to attempt things in case I couldn't manage but I can cope better 
now. I felt I was doing something to help myself and it motivated me 
ǘƻ Ǝƻ ŦƻǊ ŀ ǿŀƭƪΦέ όŦŜmale 71yrs) 

Six percent (2/32) of participants described the programme negatively, one of whom 

had an exacerbation which required hospitalisation limiting participation and the other 

was unable to access the mPR app due to technical difficulties. 

7.5.2 Factors impacting engagement with mPR 

Analysis of both the questionnaire and interview data identified themes related to 

engagement with mPR which were grouped into two main categories: enablers and 

barriers. Additional to these themes were influential factors which impacted 

participation differently across the participants, being an enabler for some and a 

barrier for others. 

Enablers 

Several enablers which enhanced participation with the mPR intervention emerged 

from the data and are discussed below. 

Usability  

Data were collected on the usability of mPR through the questionnaire (n=32). 

Participants were asked to rate on a Likert scale how easy it was to interact with the 

mPR programme. On a scale of 0 = very difficult to 5= very easy, participants reported 

the programme to be very easy to use (median = 4.8 (range 3 -5)); and on a scale of 

0=did not like to 5=liked very much, that they liked the look and feel of the mPR 

interface (median = 4.6 (range 3 -5)). The data from the qualitative interviews (n=17) 

supported the usability of mPR as an enabler to participation. Comments included: 

ά¢ƘŜ ŀǇǇ ǿŀǎ ƛƴǘǳƛǘƛǾŜ Χ ƛǘ ǿŀǎ Ŝŀǎȅ ǘƻ Ŧƻƭƭƻǿ ƛƴǎǘǊǳŎǘƛƻƴǎ ΧL ƭƛƪŜŘ ǘƘŜ 
ǾƛŘŜƻǎ ŀƴŘ ŎƘŜŎƪƛƴƎ L ǿŀǎ ŘƻƛƴƎ ǘƘŜ ŜȄŜǊŎƛǎŜǎ ŎƻǊǊŜŎǘƭȅέ όŦŜƳŀƭŜ слȅǊǎύ  

άLǘ ǿŀǎ ŀ ƎƻƻŘ ŀǇǇΧ ƛǘ ŘƛŘ ǿƘŀǘ ƛǘ ƴŜŜŘŜŘ ǿƛǘƘ ƴƻǘƘƛƴƎ ŜȄǘǊŀ ǘƘŀǘ ǿŀǎ 
ƴƻǘ ƴŜŜŘŜŘέ (male 80yrs) 
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The video exercise demonstrations and the alternative exercise options found in the 

mPR app were reported as being particularly useful and helpful for ensuring 

participants were performing the exercises correctly.  

ά{ŀǿ ǘƘŜ ƳƻŘŜƭ ǎƘƻǿƛƴƎ ǘƘŜ ŜȄŜǊŎƛǎŜǎ ǿƘƻ ǿŀǎ ƻƴ ƻȄȅƎŜƴ Χ ǘƘƻǳƎƘǘ 
ǘƘŀǘ ǿŀǎ Ŏƻƻƭ Χ ƳŀŘŜ ƛǘ ǎƻ ǊŜŀƭΧ ƘŀǾƛƴƎ ǎƻƳŜƻƴŜ ǘƘŀǘ ǿŀǎ ŀŎǘǳŀƭƭȅ 
doing it made it a lot more meaningful ά (female 60yrs) 

άYes, I think it was very easy to use because what it would do is, here 
is your exercises and there was a reminder on how to do them 
ά(female 82yrs) 

Interview data did reveal technical challenges for one participant which hindered their 

ability to interact with the intervention. This resulted in the participant not receiving a 

progression of their exercise programme. 

ά/ƻǳƭŘ ƴƻǘ ƎŜǘ ǘƘŜ ŀǇǇ ǘƻ ǿƻǊƪ ŀƴŘ ŘƛŘ ƴƻǘ ǊŜŀƭƭȅ ǿŀƴǘ ǘƻ ƭŜŀǊƴ ŀƴŘ ǎƻ 
Ƨǳǎǘ ǿŜƴǘ ǿƛǘƘ ǘƘŜ ŜȄŜǊŎƛǎŜǎ ŀƴŘ {a{έ όŦŜƳŀƭŜ трȅǊǎύ  

Convenience 

A key theme was the convenience of mPR due to the flexibility offered by the 

programme. Being able to fit the programme around their needs and preferences was 

highly valued by participants, who reported attending a centre-based programme was 

impossible because of work or other commitments. Participants believed mPR offered 

them an otherwise unachievable opportunity.  

ά.ŜƛƴƎ ŀōƭŜ ǘƻ Řƻ ŜȄŜǊŎƛǎŜ ƛƴ ƻǿƴ ǘƛƳŜ ǿƘŜƴ ǎǳƛǘǎΧΦ .ǊŜŀƪ ǳǇ ǘƘŜ 
exercises rather than doing all at once to fit in with own timetableέ 
(male 72yrs) 

ά¢ƘŜ Ƨƻȅ ƻŦ ǘƘŜ ŀǇǇ ƛǎ ǘƘŀǘ ȅƻǳ Ŏŀƴ Řƻ ƛǘ ƛƴ ȅƻǳǊ ƻǿƴ ǘƛƳŜΦ !ƭƭ ǘƘŜ ƻƴŜǎ 
L ŎŀƴΩǘ Řƻ ŀǘ ǿƻǊƪΤ L Řƻ ŀǘ ƘƻƳŜ ōŜŦƻǊŜ L Ǝƻ ǘƻ ǿƻǊƪέ όŦŜƳŀƭŜ ртȅǊǎύ  

Support 

A total of 29 of the 32 participants felt that success with mPR was attributed to the 

support participants felt they had throughout the intervention. This support came in 

different forms. For some it was being able to complete the programme with a family 

member. 
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άL Řƻ ǘƘŜ ŜȄŜǊŎƛǎŜ ǿƛǘƘ Ƴȅ ǿƛŦŜΦ {ƘŜ ŘƻŜǎ ǘƘŜ ŎƻǳƴǘƛƴƎ ŦƻǊ ƳŜ ΦΦέ (male 
35yrs) 

άL ƭƛƪŜ ōŜƛƴƎ ŀōƭŜ ǘƻ Řƻ ŀǘ ƘƻƳŜ ǿƘŜƴ ƛǘ ǎǳƛǘǎ ƳŜ ŀƴŘ ǘƻ Řƻ ŀƭƭ ǘƘŜ 
exercises with my husband ς ƘŜ ǳǎŜŘ ƘŜŀǾƛŜǊ ǿŜƛƎƘǘǎ ǘƘŀƴ L ŘƛŘέΦ 
(female 71yrs) 

Other participants felt supported by the reminders they received in the daily text 

messages. 

άThe messages helped me keep my mind on the job, when I got a 
message it reminded me to do my exerciseέ (female 57yrs) 

άƛǘ ǿŀǎ ƭƛƪŜ ȅƻǳ ƘŀŘ ŀ ōǳŘŘȅέ όŦŜƳŀƭŜ рфȅǊǎύ 

Personal contact 

Participants had differing views on whether there should be personal contact points 

from health professionals within the mPR programme. Some participants reported not 

requiring personal contact and reported enjoying the flexibility of completing the 

programme in their own schedule. Others reported preferring more input from a 

health care professional. 

άL ŘƛŘ ƴƻǘ ƴŜŜŘ ŀƴȅƻƴŜ ǘƻ ŎƻƴǘŀŎǘ ƳŜ L ǿŀǎ ƘŀǇǇȅ ǿƛǘƘ ŘƻƛƴƎ ƛǘ ƻƴ Ƴȅ 
ƻǿƴέ όŦŜƳŀƭŜ тмȅǊǎύ 

άaƻǊŜ ǇŜǊǎƻƴŀƭ ƛƴǘŜǊŀŎǘƛƻƴΧ ƳƻǊŜ ƛƴǘŜǊŀŎǘƛƻƴ ŦǊƻƳ ǎƻƳŜƻƴŜ ǿƻǳƭŘ 
ŜƛǘƘŜǊ ƎƛǾŜ ƛƴŎŜƴǘƛǾŜ ŦƻǊ ŘƻƛƴƎ ƛǘ ƻǊ ǿƘȅ ƘŀǾŜ ȅƻǳ ƴƻǘ ŘƻƴŜ ƛǘέ όƳŀƭŜ 
72yrs) 

Knowledge of Performance 

Participants reported the increased self-awareness of their performance provided 

through mPR was a source of motivation. The features of mPR which were reported as 

promoting the most self-awareness included the wearable sensor, the Ψmy-progressΩ 

page, and the daily SMS. These were reported as helping to drive behaviour change, 

particularly regular exercise habits. 

άI am quite visual, and it is nice to see what I have done and the sit to 
stand was good to see I have made an improvement and that makes 
me want to do betterέ (female 60yrs) 
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άwŜǇƭȅƛƴƎ ǘƻ ǘƘŜ ǘŜȄǘ ƳŜǎǎŀƎŜǎ ǿŀǎ ŦƛƴŜ ŀǎ ǘƘŜƴ L ƪƴŜǿ L ƘŀŘ ŀŎƘƛŜǾŜŘ 
ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ ǿŜŜƪέ όŦŜƳŀƭŜ рфȅǊǎύ 

Barriers 

Two themes emerged from the data relating to factors impeding engagement with 

mPR, and these could be grouped as relating to logistical challenges or health related 

factors. 

Logistical challenges 

Bad weather (restricting outdoor walking), a lack of physical space at home, and fitting 

the programme into an already busy schedule impacted participation for some who 

were working or had family commitments. This problem was exacerbated by the 

COVID-19 lockdown, resulting in whole households being at home, reducing the time 

and space available for participants to focus on mPR. 

άwŜƳŜƳōŜǊƛƴƎ ǘƻ Řƻ ƛǘ ŀƴŘ having ǘƘŜ ǘƛƳŜ ǘƻ Řƻ ƛǘΧ ǇǳǎƘƛƴƎ ƳȅǎŜƭŦΧέ 
(male 64yrs) 

άhǳǊ ƘƻǳǎŜ ƛǎ ǉǳƛǘŜ ǎƳŀƭƭ ΧǿƛǘƘ /h±L5 ŀƴŘ ŎƘƛƭŘǊŜƴ ƘƻƳŜ ǘƘŜǊŜ ǿŀǎ 
ƴƻ ǎǇŀŎŜ ǘƻ ōŜ ŀōƭŜ ǘƻ Řƻ ǘƘŜ ŜȄŜǊŎƛǎŜǎΧέ όƳŀƭŜ поȅǊǎύ 

Health challenges 

Participants reported changes in their health status which impacted their ability to 

complete the intervention as prescribed or resulted in disengaging completely. The 

health concerns included an exacerbation of their primary respiratory condition 

resulting in a hospital admission, an exacerbation of a non-respiratory co-morbidity, 

and exercise related discomfort. 

άThe pain... my arthritic pain made some of them (exercises) 
ŎƘŀƭƭŜƴƎƛƴƎΧέ (female 60yrs) 

άL Ǝƻǘ ǎƛŎƪ ŀƴŘ ǘƘŜƴ ǿŜƴǘ ƛƴǘƻ ƘƻǎǇƛǘŀƭΧ L ǎǘƛƭƭ ŦŜƭǘ ǳƴǿŜƭƭ ŦƻǊ ǉǳƛǘŜ ǎƻƳŜ 
time, and now I am on painkillers for back pain ŀƭƭ ǘƘŜ ǘƛƳŜ ŀƴŘ ŎŀƴΩǘ 
Řƻ ƳǳŎƘέ (female 68yrs) 

Impact of COVID-19 

National restrictions associated with COVID-19 occurred during the study period and 

while some participants were able to continue with the programme uninterrupted, 

participants experienced challenges which caused one participant to disengage 
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completely from the mPR programme. Barriers reported during the COVID-19 

lockdown included feeling vulnerable when out walking, the difficulty of wearing a 

mask whilst exercising and problems associated with extended family being at home.  

άLǘΩǎ ǘƘŜ ǿŀƭƪƛƴƎ Χ ƎƻƛƴƎ ƻǳǘ ŦƻǊ ǿŀƭƪǎ ƻƴ ǘƘŜ ǊƻŀŘ Χ L ŀƳ ǘƻƻ 
ŦǊƛƎƘǘŜƴŜŘ ƻŦ ƎŜǘǘƛƴƎ ǘƘŜ ǾƛǊǳǎ Χ Ƴȅ ŦŀƳƛƭȅ ǎŀƛŘ ŘƻƴΩǘ Ǝƻ ƻǳǘ ŀƴȅǿƘŜǊŜ 
ȅƻǳ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ΧΦ IŀǾŜ ōŜŜƴ ƭŜǎǎ ŀŎǘƛǾŜ ǘƘŀƴ ǳǎǳŀƭέ (female 58yrs) 

άCƛƴŘƛƴƎ ƛǘ ǊŜŀƭƭȅ ƘŀǊŘ ǘƻ ǿŜŀǊ ŀ Ƴŀǎƪ Χ ƳŀƪŜǎ ƛǘ ƘŀǊŘ ǘƻ Ǝƻ ƻǳǘ 
ǿŀƭƪƛƴƎέ όƳŀƭŜ орȅǊǎύ 

In contrast, other participants appreciated having mPR during the national lockdown 

as they felt they had a structured programme to work through, and more time 

available to focus on the programme. 

άL ƘŀǾŜ ŘƻƴŜ ǘƘŜ ŜȄŜǊŎƛǎŜǎ ƳƻǊŜ ƻŦǘŜƴΣ L ƭƛƪŜŘ ƘŀǾƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳƳŜ 
and structure during COVID-мфέ όŦŜƳŀƭŜ тмȅǊǎύ 

άLǘ ǿŀǎ ƎƻƻŘ ǘƻ ƘŀǾŜ ǎƻƳŜǘƘƛƴƎ ǘƻ ŦƻŎǳǎ ƻƴ ŘǳǊƛƴƎ ƭƻŎƪŘƻǿƴέ (male 
80yrs) 

7.6 Discussion 

This study used a mixed method design to capture the personal experience of 

participating in mPR and found participants were highly satisfied with the flexibility, 

convenience, and usability of the programme. A key strength of this study was the 

inclusion of the majority participants in the follow-up questionnaire. Additionally, the 

experiences and perceptions were obtained from participants who both successfully 

completed the programme as well as those who did not complete. This gave insights 

into factors which make it harder to complete mobile-based PR programme and into 

the challenges patients face in using technology including in the face of a pandemic.  

mPR was designed as an alternative method for delivering PR to overcome barriers 

faced by participants in attending centre-based programmes, and to attempt to 

increase the accessibility and inclusiveness of PR. Findings from this study show that 

the flexibility offered by mPR is a key enabler to allowing people to participate, 

particularly participants who would not otherwise have the opportunity due to 

commitments. Most centre-based services offer classes only within working hours, 

limiting participation for people who cannot attend at the specified times (Candy et al., 
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2022). Participants who opted for mPR reported liking being able to fit it in around 

their schedule, and this echoes the experience of participants enrolled in other home-

based models (Lahham et al., 2018b; Tsai et al., 2016). mPR allows flexibility over other 

delivery methods, such as videoconferencing, by allowing participants autonomy over 

where and when they complete the prescribed session. Participants in our study were 

advised to complete the programme on five days of the week and several participants 

reported that they would break the exercises up and complete over the course of the 

day rather than completing them all in one session. Further exploration is required to 

determine the impact of fragmenting individual exercises on building exercise capacity 

and, ultimately, the effectiveness of PR.  

Our mPR included two-way messaging to enable participants to be able to contact 

health care professionals, although there was no scheduled personal contact with a 

member of the clinical PR team. Whilst participants were advised they could contact 

the clinician at any time, patient-initiated interaction seldom occurred, and this 

mirrors findings from other unsupervised mobile PR programmes (Bourne et al., 2017; 

Chaplin et al., 2017; Simonÿ et al., 2019). Whilst some participants in our study did not 

feel they needed personal contact, previous studies have shown that health coaching 

can enhance the outcomes of tele-rehabilitation programmes (Benzo et al., 2021). 

Providing regular touch points throughout the intervention, either digitally or in-

person may have several benefits. Firstly, participants who are faced with barriers to 

engaging, such as technology or health concerns, may have the opportunity to 

overcome these barriers through coaching from a member of the PR team. A known 

barrier to attending PR is respiratory exacerbations and becoming unwell (Keating et 

al., 2011), and this was the case for several participants in this study. Increased 

clinician monitoring and mentoring within the intervention may have been useful to 

assist participants to navigate these exacerbations and return to PR in a safe and 

appropriate manner. In addition, health coaching may enhance the outcomes of the 

intervention through optimising motivation and ensuring participants are engaging 

appropriately with all aspects of the programme. This would have allowed for early 

identification and support for the participant who was unable to progress their 

exercise programme due to challenges responding to the text message.  
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The need for motivation to engage with PR programmes has been identified in 

previous studies exploring the patient perceptions toward telerehabilitation 

(Bairapareddy et al., 2021; Dobson et al., 2019; Inskip et al., 2018). Our study 

determined key enablers which assisted in aiding motivation for participants, for 

example feeling supported through the inclusion of family members, and from the 

daily text messaging. Previous studies have shown daily text messaging increases 

perceptions of support and this aligns with the findings of this study (Dobson et al., 

2018). The benefits of text messaging could be considered alongside other PR delivery 

methods and may also add value to centre-based or telerehabilitation programmes 

delivered through telephone or video-conferencing facilities.  

Earlier formative work to this study (Chapter 4) highlighted that a lack of peer support 

may be a barrier to participation in a mobile based PR programme (Dobson et al., 

2019), however, the current study showed that participants did not feel this a barrier 

and that support was received in other ways (e.g. family members, SMS). Other 

published trials of home-based PR models delivered through telephone calls and video 

conferencing have reported similar findings (Burkow et al., 2015; Holland et al., 2017), 

indicating this inclusion of family and friends in the rehabilitation process is an 

important feature of alternative models of PR.  

COVID-19, and associated lockdown restrictions, has a significant impact on the main 

trial and therefore influenced the results of this study. The interviews revealed that for 

many participants they felt unsettled and vulnerable at this time because of their 

respiratory condition and feared they may not survive a COVID-19 infection. 

Furthermore, the COVID 19 restrictions forced all the interviews to be completed over 

the telephone which may have limited in-depth discussion around some concepts.  

7.7 Conclusion 

This study has shown that an mHealth PR programme such as mPR provides a useful, 

usable, and satisfactory option for people living with CRD and has the potential to 

increase the reach of PR. This study demonstrated a key feature of mPR is the 

flexibility this model allows resulting in those who reported not otherwise being able 

to attend in-person PR and thus having the opportunity to participate in PR. 

Furthermore, whilst mPR may lack some features of centre-based PR such as the social 
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support of in-person programmes, our study found the support provided through the 

engagement of family and friends, along with the text messaging component, seemed 

to counterbalance this. Future considerations of regular clinician touch points should 

be explored to determine if these further enhance participation with the intervention 

and influence its effectiveness.  
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 Discussion 

8.1 Prelude to chapter 

Living with a CRD can be distressing for both people living with the condition and their 

family. PR is an effective treatment which can reduce the symptom burden and 

improve HRQoL. The efficacy of PR is undisputable. Despite this, the reach of PR is 

suboptimal with the number of people who are referred, attend or complete PR being 

low both in NZ and around the world.  

The aim of this thesis was to design and evaluate an mHealth application for PR 

specifically for the NZ context in an attempt to address the low reach of PR in NZ. The 

key research objectives were: 

1. To develop an understanding of current PR practises in NZ and how these might 

impact uptake and completion. 

2. To identify factors which influence patient participation in telerehabilitation 

3. To develop the content for a NZ based mHealth PR programme 

4. To evaluate the content for a NZ based mHealth PR programme 

5. To identify patient preference for delivery of PR via either centre-based or 

mHealth delivered PR, and ascertain if allowing participants to choose their 

delivery method improves the rate of attendance at PR. 

6. To evaluate end-user experiences of the NZ purpose designed mHealth 

intervention (mPR). 

This chapter aims to: 

Integrate findings from this thesis and discuss the implications for clinical practice 

and research. 

8.2 Overview of thesis findings 

Despite being highly effective, the reach of PR is poor with access, uptake, and 

completion rates low around the world (Holland et al., 2021). There are well known 

reasons which include both patient related factors (including transport and travel, 

gender, ethnicity, and socioeconomic status) and organisational factors (including 

location and timing, type of programme and wait times). The stimulus for this thesis 
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was to improve the reach of PR in NZ. Our research prior to this thesis explored factors 

which prevented participants from completing PR and identified age, ethnicity, and 

exercise capacity as independent predictors of non-completion (Candy et al., 2020a). 

The survey findings in Chapter 2 extended this knowledge by outlining the structure, 

content, and organisation of PR services in NZ, allowing us to have a clearer 

understanding of similarities as well as differences across the country. This survey 

provided baseline information of how PR services currently operate across NZ and how 

the structure and organisation of services might impact widespread access to PR. Our 

findings that most PR services offered just one delivery structure - an in-person 

programme provided within working hours only, highlighted the potential for 

expanding reach by developing different models of PR. Whilst different models have 

been evaluated overseas, no such models have been designed, evaluated, or 

implemented in NZ.  

Following COVID-19 restrictions imposed shortly after the closing date for Survey 1, all 

services ceased face-to-face delivery of PR providing an unprecedented opportunity to 

explore how services adapted to this sudden change in circumstances. A second survey 

was administered to the same participants requesting they report any adaptations to 

their service as a result of the COVID-19 restrictions. The result showed that 59% 

(16/27) services who responded to this second survey continued to operate a service, 

albeit modified, during national restrictions, with the majority of respondents 

providing the services via the telephone. This choice of telephone-based PR was 

reported as the patient preference and was attributed to low digital access and/ -or 

literacy. Of those who completed the survey, 37% (10/27) intended to keep their 

telerehabilitation service operating as an ongoing option for participants after 

resumption of face-to-face services, suggesting that the service providers and patients 

identified ongoing benefits in providing a telerehabilitation service. This further 

validated our decision to design an mHealth programme with a NZ focus and to 

consider the design of the mPR programme. 

The objective of the scoping review in Chapter 3 was to source current literature 

regarding the uptake, perceptions, and experiences of participants to engaging with 

telerehabilitation models. The information gathered in the literature review would 

help shape the content development for an mHealth PR programme. Findings from the 
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scoping review revealed that, digital access and literacy were barriers for many 

participants who believed that telerehabilitation would be outside their capabilities, 

and that perception is of upmost importance, the way that telerehabilitation is 

marketed to potential participants, may have a significant impact on the uptake. For 

instance, some of the perceived barriers to uptake, such as technical challenges, in 

turn, shown to be minor, and the anticipated lack of support from peers was replaced 

by a feeling of support from family members and the mPR programme. 

Amalgamated findings from the surveys and scoping review highlighted key 

considerations for the development of telerehabilitation programmes, including: 

1.  addressing low digital confidence by including options that do not require 

complex technical skills, 

2.  using technology which is accessible and familiar to patients, such as mobile 

phones and text messaging, 

3.  including technical support to all participants.  

The information from Chapters 2 and 3 led to the content development of an mHealth 

application for PR in NZ. By using the mHealth development framework (Whittaker et 

al., 2012) we were able to engage with patients and clinicians along the journey and, 

through an iterative process of testing and modifying, develop an intervention to 

attempt to meet the needs of our NZ context. The foundation for the first iteration of 

the mHealth application (mPR V1) was text messaging (SMS), as this had been shown 

to overcome the challenges of device and data access as well as low digital literacy. 

The SMS messaging continued to be an important component of the intervention into 

mPR V2, as SMS provided an ideal opportunity for delivering behaviour change 

techniques (BCT). Supporting long term behaviour change is a core goal of PR 

programmes, and BCTs can be useful for helping participants to increase physical 

activity and exercise (Hanrahan et al., 2021). The clinical benefits achieved from 

completing PR are often lost over time as patients are unable to maintain exercise 

habits (Spencer & McKeough, 2019) and by incorporating BCTs into mPR it was hoped 

this would support sustained changes in behaviour and potentially longer-term clinical 

improvements. SMS has the potential to improve the longevity of exercise habits 

through providing support for longer than the standard eight weeks duration of PR 
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programmes. A longer duration SMS programme could easily and affordably be set up 

to send motivating, encouraging SMS to keep exercising and maintain the changes in 

behaviour.  

The key findings of Chapters 5, 6 and 7 showed that the addition of mPR to centre-

based services has the potential to increase the reach of PR in NZ, particularly to the 

groups marginalised in current services. From the preference-based clinical trial 

(Chapter 6), 36% (38/105) of participants chose mPR rather than centre-based PR, and 

these were generally younger, employed people who have traditionally been 

underrepresented in centre-based programmes. This was an important finding as our 

earlier research showed age was an independent predictor of completion of PR with a 

greater likelihood of completing PR with each per year increase in age (OR 1.04, (1.03-

1.05) p<0.001) (Candy et al., 2020a).  

Whilst a key objective of this thesis was to determine if an mHealth delivered PR 

programme would improve the attendance and completion of PR in NZ, determining a 

valid and reliable measure of attendance for an unsupervised mHealth PR intervention 

was inherently challenging. Our proxy measure of attendance in the mPR group, 

(requiring participants to respond to two key SMS per week regarding their exercise 

diary and readiness to progress their exercise programme), was designed to be 

comparable to the centre-based group attendance measure and similar to other 

unsupervised PR programme that measured adherence through activity diaries and 

self-reports (Hoaas et al., 2016; Holland et al., 2017) . However, results from the 

preference based clinical trial (Chapter 6) indicate our measure of attendance had 

limitations. Participants were less likely to answer the specific question regarding Ψhow 

many times the patient completed the exercisesΩ than the general question regarding 

progressing their exercise. The specific question may have been challenging for 

participants if they could not recall the exercise completion information, or 

participants may not have wished to share this information if it was below the 

recommended frequency. Other web-based applications have collected systems and 

app usage data to measure adherence (Benzo et al., 2018; Bourne et al., 2017; Chaplin 

et al., 2017; Hoaas et al., 2016). Such systems measures include the number of times 

participants log into the app or interact with the app. However, whilst these app usage 

statistics provide useful information about how often the app is accessed, similar to 
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the self-reported measure of attendance, they are not able to provide information on 

if the exercises were completed as prescribed. Whilst the completion rate in the mPR 

group in our study appeared low (53%) from the self-reported measure of attendance 

used for this study, integration of findings from the preference-based clinical trial 

(Chapter 6) and the end-user experience study (Chapter 7), suggested that 

engagement with mPR was higher than the completion measures suggested. Perhaps a 

measure of adherence to the programme and fidelity to the intervention should be 

whether participants achieve clinical benefit. Data from the experiences of end-users 

in Chapter 7 indicates that most participants engaged meaningfully and reported 

health benefits from participation in mPR, and this is supported by the clinically 

significant improvements in HRQoL reported in both the centre-based and mPR groups 

in Chapter 6. Further work is required to establish an accurate measure of adherence 

and as technology and technical skills advance it is likely innovative and interactive 

measures will become more readily available. Ideally participants would enter a BORG 

score on their device at the end of each exercise, similar to a centre-based PR 

programme, and this data would be readily available to the PR clinician. 

Participants reported feeling supported in managing their health condition and this 

support from came from the mPR programme, and from family members who became 

involved in their programme. This echoes findings from other studies (Lahham et al., 

2018b) and indicates that people participating in telerehabilitation models can feel 

similarly supported to those attending centre-based models. Family support has been 

found to have a statistically significant association with both self-care behaviour and 

self-efficacy in people living with COPD όYŀǊŀ YŀǒƤƪœƤ ϧ !ƭōŜǊǘƻΣ нллтύ. The importance 

of family involvement was identified in our formative study (Chapter 4) with the 

inclusion of family members being identified as a facilitator to participation in 

telerehabilitation. This was reinforced in the feasibility study (Chapter 4) by feedback 

from both participants who had family members involved, and the family members 

themselves. Providing family members, the option to be involved in the mPR 

programme was a unique feature of this PR programme that to best of our knowledge 

has not been offered by other web-based PR programmes, and it was clear that mutual 

benefits for patients and family members were attained from participation in the mPR 

programme. 
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The protocol amendments brought about in response to the COVID-19 pandemic 

provided interesting data which warrants further consideration. The group that chose 

centre-based PR but were required to change to telerehabilitation (telephone or video-

conferencing models) yet maintained significant engagement with their PR programme 

despite the change of model, and surprisingly, had a completion rate higher than that 

previously reported from centre-based PR (Candy et al., 2020a). We believe the forced 

lockdown is likely to have influenced these results, as patients were at home and 

available for telephone calls and VC classes and feeling particularly vulnerable during 

the COVID-19 pandemic because of their CRD diagnosis. This shows patients who had a 

preference for centre-based PR, were able to consistently engage with an alternative 

model for delivery of PR. The majority of centre-based participants opted for 

telephone calls during this time. This is consistent with the findings in our second post 

COVID-19 survey (Chapter 2) and similar to another study conducted during the 

COVID-19 pandemic which reported 75% of participants enrolled in PR who were 

required to transition to telerehabilitation (telephone calls or VC classes), only had 

access to telephone calls (Grosbois et al., 2021). This further reinforces the findings of 

our scoping review (Chapter 3), suggesting that having access to the required technical 

equipment and the skills to operate digital devices remains a significant limitation in 

the choice of telerehabilitation options. 

The provision of technical support for all participants, regardless of digital literacy, is 

one aspect of our mPR programme that requires further exploration. Providing this 

support is likely to further enhance engagement with all aspects of the intervention. 

Furthermore, consideration should be given into exploring the addition of regular, 

scheduled clinician contact points to the intervention. Studies have shown patient 

initiated interactions occur less frequently than do clinician-initiated interactions 

(Bourne et al., 2017; Chaplin et al., 2017; Skibdal et al., 2022) and thus investigating 

the impact of this on our mPR attendance and completion may be useful. Regular 

scheduled clinician contact would allow the development of therapeutic relationships 

allowing for provision of information, motivation, and support which may improve 

attendance and completion of mPR. For example, it is suggested that BCT, such as goal 

setting, providing feedback on performance and discussions around how to overcome 

barriers should be included in the programme. Holland et al. (2017) described 
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motivational interviewing techniques used during weekly telephone calls to 

participants enrolled in home-based PR and showed high adherence to the 

intervention and clinical outcomes equivalent to centre-based PR. Qualitative data 

from participants enrolled in home based PR receiving telephone calls report the 

communication has been shown to be effective, increased participation and provide 

social support (Lahham et al., 2018b). Similarly, adding health coaching to a web-based 

PR programme via weekly telephone calls has been shown to result in high rates of 

adherence to the intervention (Benzo et al., 2018). 

The key strength of this programme of research is the firm clinical foundations on 

which this work is based. The candidate has over 20 years clinical experience working 

with people with chronic respiratory conditions in NZ, and this enabled key clinical 

perspectives, often specific to NZ, to be considered throughout. The studies in this 

thesis generally used pragmatic designs that could be adapted to suit the clinical and 

home settings, and all provided information useful for development and 

implementation of new knowledge in helping people in NZ to access PR services. For 

example, NZ has a culturally diverse population and the mPR programme was tailored 

to culture including greetings and key messages in aņƻǊi and Pacific languages, as well 

as using a range of patients to reflect the culture, age and illness severity of the group 

the mPR programme was designed for. The process of developing the content of the 

mPR programme was based on theory and evidence and used a well developed and 

tested framework to ensure end-users were involved in the design of the mPR 

programme from the onset. The framework ensured an iterative process whereby the 

intervention was repeatedly reviewed and refined to be responsive to both patient 

and clinicians. The design and testing of mPR was completed by a multidisciplinary 

team of healthcare and mHealth experts. 

When testing the mPR programme, a pragmatic approach was taken to evaluate 

whether mPR would impact upon PR attendance and completion by implementing a 

preference-based study. Commonly, patients have a preference for how they wish to 

receive interventions, such as PR, and allowing them a choice of delivery method 

makes this research valuable. The research design employed in preference-based 

clinical trials reflects clinical practise and closely mirrors how future interventions 

could be implemented. Many previous PR studies use patient cohorts that do not 
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always represent the clinical setting. For example, many studies exclude patients with 

supplemental oxygen, those that use walking frames and those with co-morbidities. 

This reduces the external validity of the studies making them less representative of the 

real-world patient population. The preference study excluded only 19% (24/129) of 

participants referred to PR and allowed patient-led decision making, thus providing 

valuable information to PR service providers and funders. 

Our necessity to adapt to the COVID-19 pandemic and national restrictions during the 

period of this programme of study is a major strength of this study. The additional 

survey (Chapter 2) implemented after COVID-19 restrictions were implemented 

utilised an opportunity to gather important additional information and showed how 

programmes adapted at short notice to the cessation of centre-based PR programmes. 

Likewise, the preference-based clinical trial (Chapter 6) required significant adaption to 

protocol due to the COVID-19 restrictions but was able to be adjusted and continue, 

enabling valuable information on how services and patients adapted to the unique 

circumstances. The study of participant experiences (Chapter 7) highlighted the impact 

of the pandemic and related restrictions on patients and how this affected them 

during their engagement with the mPR programme. This study captured data through 

an uncertain and unique period in history. 

8.3 Implications for future research 

The preference-based clinical trial has shown that adding telerehabilitation to centre-based 

PR has the potential to increase the reach of PR in NZ. This study has shown some patients 

would prefer an mHealth delivered PR programme and these were often those who would 

not otherwise be able to attend centre-based PR, thus, indicating there is a demand for 

alternative methods of delivery. Further works should try to elucidate more information 

regarding the demographic details of those patients who are eligible for and who do or do 

not currently access PR. Eliciting reasons for non-attendance of eligible participants at all 

types/modes of PR programmes could assist in developing more participant friendly PR 

options particularly in those who are currently underserved by our PR services. The surveys 

reported in Chapter 2 did not capture information on programme capacity or data on 

attendance and completion; neither did the surveys aim to look at discrepancies regarding 

availability of PR services across different communities, ethnicities, or socio-economic 

status. We realise this may influence the uptake and adherence to PR and warrants further 
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investigation. A national audit programme, such as the series of audits National Asthma and 

COPD Audit Programme (NACAP) in England and Wales (Steiner et al., 2015b), could provide 

valuable data on the reach of services across the whole of NZ and identify potential gaps. 

Our study investigating the preferences of patients for centre-based PR or mPR 

(Chapter 6) illustrated that participant who started in centre-based PR and pivoted to 

telerehabilitation achieved greater than previously reported attendance and 

completion at traditional centre-based PR. This suggested there may be a role for 

hybrid models of care, such as a shorter centre-based programme with transitioning to 

telerehabilitation. This may reduce some of the burden and expense of attending 

centre-based PR for both participants and health care providers, may increase 

availability of centre-based PR places and improve completion outcomes. This type of 

programme structure was used in a six-month intervention in Korea, where 

participants completed one month of centre-based PR before randomisation to web-

based PR or a control group who received one monthly telephone calls (Park et al., 

2020b). In this study, adherence to the intervention was high and this was reflected in 

significant clinical improvements. The evaluation of hybrid models of PR warrants 

further investigation. 

A limitation of our research relates to our lack of measurement of changes in self-

efficacy. The mPR intervention had a focus on building self-efficacy through the BCTs 

incorporated into the intervention but no outcome measure was incorporated for the 

measurement of changes in self-efficacy. Whilst planning the protocol for the 

preference-based study (Chapter 5), we opted not to use too many outcome measures 

due to the increased burden on the participant of completing many questionnaires 

remotely. Future studies could consider the inclusion of a measure of self-efficacy, 

such as the PRAISE tool (Liacos et al., 2019; Vincent et al., 2011) to determine the 

effect of such interventions on self-efficacy. 

Importantly, future research should include long term follow up. As defined by 

ATS/ERS (Martijn A Spruit et al., 2013) an essential component of PR is behaviour 

change. It could be suggested that unsupervised based PR programmes such as mPR, 

may have more sustained benefits as they train the participant to become 

independent in their own exercise programme in their own environment, rather than 
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reliant on supervision and guidance from a clinician in an 8-week programme. 

Behaviour change theory was an important foundation in the content development of 

mPR and many BCT were woven into the mPR intervention. Due to time restrictions 

associated with study funding longer term follow-up of participants was not possible, 

but future studies should include longer term follow-up, such as 12 months post 

intervention, to determine if mPR can achieve sustained clinical improvements.  

8.4 Clinical Implications 

To address the problem of low reach of PR, we propose that services need to diversify 

and offer differing options for PR delivery to facilitate better uptake and engagement. 

We have demonstrated that PR services in NZ, prior to the COVID-19 associated 

lockdown, had only one delivery model of PR and this limited access for some 

participants. PR services typically offered one in-person option, and that option was 

during work hours and often at a busy hospital site. This means that younger, working 

participants may not be given equitable opportunities to attend current services. This, 

ŎƻǳǇƭŜŘ ǿƛǘƘ ŜŀǊƭƛŜǊ ƻƴǎŜǘ ƻŦ /w5 ƛƴ aņƻǊƛ, creates inequitable access to care. The 

development of new culturally appropriate models to enable all eligible participants to 

engage with PR should be undertaken and investigated. If such models are mHealth 

related then consideration must be given to technical training and support, data 

provision family/peer support and regular scheduled clinician contact points. Our mPR 

programme is an early prototype that with further refining and developing, such as 

translating into aņƻǊi and Pacific languages along with including diverse patient stories 

describing the benefits they achieved from PR, may further help to improve the reach 

of PR.  

Developing a therapeutic relationship and having regular communication with a 

clinician appears to play an important role in ǇŀǊǘƛŎƛǇŀƴǘΩǎ adherence and motivation 

(Lahham et al., 2018b; Skibdal et al., 2022). Lack of clinician contact was reported as a 

perceived barrier to telerehabilitation and discussed in literature reporting patient 

experiences with telerehabilitation (Chapter 3). Designing alternative models for 

delivering PR must consider this as a crucial element. The recent guidelines outlining 

essential components of new PR programmes (Holland et al., 2021) considers regular 

clinician contact as a desirable component rather than an essential one. This is due to 

the lack of available evidence to define this contact further (frequency of contact, 
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nature of contact, e.g., supervised exercise or individual health coaching). The 

available evidence does suggest these needs to be clinician-initiated. Future delivery 

models of PR may consider weekly scheduled clinician contact to overcome challenges 

to participation and maximise engagement, provide information and build on 

behaviour change techniques. The frequency of input maybe adapted over time as 

studies have shown the greatest challenge exists for participants in getting started 

(Lahham et al., 2018b), suggesting that a fading frequency would work well. 

Equally important is the inclusion of family in the intervention. Findings from our 

formative study (Chapter 4), feasibility study (Chapter 4) and end-user experience 

study (Chapter 7) all confirm the importance of family support in PR. Future 

programme developments should ensure there is a strong focus on building capacity 

and opportunity for family and wƘņƴŀǳ, to play an important role in the PR 

programme. 

Many users of PR programmes are older adults who have reported feeling intimidated 

by technology. Providing options with low digital difficulty and adequate technical 

support will assist outcomes. This, however, is likely to change with time as we move 

of a technically naive cohort to technology being integrated into everyday lives. The 

role of SMS as a tool for providing support and delivering behaviour change techniques 

in PR should be encouraged. The feedback provided in the study exploring the 

feasibility of our mPR V1 (Chapter 4) along with end-user feedback from participating 

with mPR (Chapter 7) shows that participants found the SMS useful, and they read all 

the messages. SMS has been shown to support behaviour change in other groups and 

may have a valuable role in improving the sustainability of benefits of PR. SMS also 

reduces known barriers to digital programmes, including access and digital literacy, as 

it is the most ubiquitous of the technologies. SMS could be implemented in any model 

of PR, whether centre-based, telephone calls, VC or web-based.  

Improving the perception of PR - both centre-based and telerehabilitation- may 

improve the uptake of PR, by focusing on the benefits that can be achieved from 

participation and enhancing ǇŀǘƛŜƴǘΩǎ confidence in their ability to partake and achieve 

health improvements. The best way to do this is not known, but feedback from end-

users in the development of mPR (Chapter 4) reported the value of patient stories, 
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particularly if the patient was someone they could relate to. Utilising a diverse range of 

patientΩǎ ǘƻ ǘŜƭƭ ǘƘŜƛǊ stories of the benefits they have achieved and their positive 

experiences participating from in PR may enhance uptake and engagement with PR. 

 

8.5 Conclusion 

No one model for PR will fit all potential PR participants. Whilst many prefer centre-

based this is not practical, accessible, or preferred by everyone, and telerehabilitation 

models, such as our mPR programme, may offer an opportunity for some people to 

attend who would not otherwise be able to participate. There are many known 

barriers to attending centre-based PR, but equally many barriers exist to participation 

with telerehabilitation. Important considerations for future PR models include 

provision of necessary equipment (device, data), assistance with the skills required 

(technical, language) and personal factors (family inclusion, clinical contact points). 

What we have learnt to appreciate most is that there will be no one best model and 

services need to be adaptable and offer diversity in delivery of rehabilitation to 

increase the reach of PR. An ideal PR service would allow a flexible menu of delivery 

options to best suit the needs and preferences of participants. 
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Appendices 

Appendix A. Ethics Survey 1 

 

3 May 2019 

Denise Taylor 

Faculty of Health and Environmental Sciences 

Dear Denise 

Ethics Application: 19/119 Characteristics of pulmonary rehabilitation programmes in New Zealand: A survey of 

current practice 

Thank you for submitting your application for ethical review. I am pleased to advise that the Auckland University of Technology 

Ethics Committee (AUTEC) approved your ethics application at their meeting on 29 April 2019, subject to the following conditions: 

1. Limit the follow-up reminders about the survey to once only; 

2. The data must be stored with the Applicant; 

3. In the Introductory email or the Participant Information Sheet please insert the url for the survey to limit the back-

and-forth between the researcher and the participants; remove the statement about being sent a link to the survey 

from the Information Sheet; 

4. Amendment of the Information Sheet as follows: 

a. /ƭŀǊƛŦȅ ǘƘŜ ŎǊƛǘŜǊƛŀ ŦƻǊ ōŜƛƴƎ ǘƘŜ ΨōŜǎǘ ǇŜǊǎƻƴΩ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǎǳǊǾŜȅ ƻƴ ōŜƘŀƭŦ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳƳŜΤ 

b. Remove the offer of counselling and the ACC statement; 

c. 5ƛǎŎƭƻǎŜ ǘƘŜ tǊƛƳŀǊȅ wŜǎŜŀǊŎƘŜǊΩǎ ǇǊƻŦŜǎǎƛƻƴŀƭ ǊƻƭŜΤ 

d. Ensure complete contact details for both supervisors. 

Please provide me with a response to the points raised in these conditions, indicating either how you have satisfied these points or 

proposing an alternative approach.  AUTEC also requires copies of any altered documents, such as Information Sheets, surveys etc.  

You are not required to resubmit the application form again.  Any changes to responses in the form required by the committee in 

their conditions may be included in a supporting memorandum. 

Please note that the Committee is always willing to discuss with applicants the points that have been made.  There may be 

information that has not been made available to the Committee, or aspects of the research may not have been fully understood.  

Once your response is received and confirmed as satisfying ǘƘŜ /ƻƳƳƛǘǘŜŜΩǎ points, you will be notified of the full approval of your 

ethics application. Full approval is not effective until all the conditions have been met.  Data collection may not commence until 

full approval has been confirmed.  If these conditions are not met within six months, your application may be closed and a new 

application will be required if you wish to continue with this research. 

To enable us to provide you with efficient service, we ask that you use the application number and study title in all 

correspondence with us.  If you have any enquiries about this application, or anything else, please do contact us at 

ethics@aut.ac.nz. 

I look forward to hearing from you, 

Yours sincerely 

 

 

 

YŀǘŜ hΩ/ƻƴƴƻǊ 

Executive Manager 

Auckland University of Technology Ethics Committee 

Cc: scandy@middlemore.co.nz; Julie Reeve 
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Appendix B. Ethics Survey 2 

 

21 August 2020 

Denise Taylor 

Faculty of Health and Environmental Sciences 

Dear Denise 

Re: Ethics Application: 19/119 Characteristics of pulmonary rehabilitation programmes in 

New Zealand: A survey of current practice 

Thank you for your responses to the conditions for the amendments to your ethics application. 

The amendment for a second survey to be sent to the same participants, with altered 

questions, related to changes made in their programmes in response to COVID 19 is approved. 

I remind you of the Standard Conditions of Approval. 

1. The research is to be undertaken in accordance with the Auckland University of Technology Code 
of Conduct for Research and as approved by AUTEC in this application. 

2. A progress report is due annually on the anniversary of the approval date, using the EA2 form. 
3. A final report is due at the expiration of the approval period, or, upon completion of project, 

using the EA3 form. 
4. Any amendments to the project must be approved by AUTEC prior to being implemented.  

Amendments can be requested using the EA2 form. 
5. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of 

priority. 
6. Any unforeseen events that might affect continued ethical acceptability of the project should 

also be reported to the AUTEC Secretariat as a matter of priority. 
7. It is your responsibility to ensure that the spelling and grammar of documents being provided to 

participants or external organisations is of a high standard. 

AUTEC grants ethical approval only. You are responsible for obtaining management approval 

for access for your research from any institution or organisation at which your research is 

being conducted. When the research is undertaken outside New Zealand, you need to meet all 

ethical, legal, and locality obligations or requirements for those jurisdictions. 

Please quote the application number and title on all future correspondence related to this 

project. 

For any enquiries please contact ethics@aut.ac.nz. The forms mentioned above are available 

online through http://www.aut.ac.nz/research/researchethics 

 

(This is a computer-generated letter for which no signature is required) 

The AUTEC Secretariat 

Auckland University of Technology Ethics Committee 

Cc: scandy@middlemore.co.nz; Julie Reeve 
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Appendix C. Advertisement for Participants 

 

Dear CTSIG members 

 

*RE.  Characteristics of Pulmonary Rehabilitation Programmes in New Zealand.  A survey of 

current practise. 

 

I am undertaking a research project in the area of pulmonary rehabilitation.  This research is 

part of my post graduate qualification.   

The aim of the survey is to gather a baseline of what current practise of pulmonary 

rehabilitation looks like, and to see how this has developed over the past decade. 

 

 As part of my research I would like to establish where the pulmonary rehabilitation services 

are located throughout NZ and to make contact with the lead clinician.    Ideally, the survey will 

include all pulmonary rehabilitation services across New Zealand.  

  

If you lead a pulmonary rehabilitation programme, can you please contact me, or alternatively 

provide my contact details to your lead clinician for pulmonary rehabilitation so they can 

participate in the survey. 

 

The survey is confidential and no data on individual services will be reported.  All data will be 

collated and reported on as a whole service across NZ.  For more information on the research, I 

would be very happy to discuss or send through further information. 

 

Many thanks for your assistance, 

 

Sarah Candy 

Pulmonary Rehabilitation Coordinator 

Counties Manukau Health 

0274 363116 

scandy@middlemore.co.nz 
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Appendix D. Survey 1 PIS 

 

Participant Information Sheet 
 

Date Information Sheet Produced: 

04 May 2019 

Project Title 

Characteristics of Pulmonary Rehabilitation Programmes in New Zealand.  A survey of current practise. 

An Invitation 

I would like to invite you to participate in an online survey looking at pulmonary rehabilitation 

services in NZ.  This survey will be used to establish a baseline of what current practise looks like in 

2019. 

The survey is voluntary. Only one response per PR programme is required.  The programme 

coordinator or lead clinician should complete the survey.  The survey will be able to provide the 

most useful information to this field of knowledge if we can include as many of the current services 

as possible in the survey. 

Your responses will be confidential and no personal details will be used.  You will not be identified 

personally. 

This survey is part of post graduate study for my post graduate qualification through AUT. 

What is the purpose of this research? 

This survey is being conducted to establish a baseline of the characteristics of pulmonary 

rehabilitation programmes in New Zealand.  It will aim to identify is service provision is meeting 

demand.  It will also look at how services have evolved in the past decade in terms of; provision, 

distribution, utilisation, conditions seen and delivery of programmes. 

 

How was I identified and why am I being invited to participate in this research? 

All PR services in NZ that meet the definition of a pulmonary rehabilitation programme will be 

invited to participate in the survey. This inclusion criterion includes; 

1.  The programme includes a physiotherapist or exercise physiologist 
2. Is a minimum of 6 ς 8 weeks in duration 
3. Includes functional metrics (eg, 6 MWT) 
4. Includes a measure of health related quality of life 
5. Includes exercise and educations. 

The quality of the information will depend on as many services as possible being included.   

You have been identified as a pulmonary rehabilitation coordinator or key person for your PR 

service. 
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How do I agree to participate in this research? 

Your participation in this research is voluntary (it is your choice) and whether or not you choose to 
participate will neither advantage nor disadvantage you. You are able to withdraw from the study at 
any time. If you choose to withdraw from the study, then you will be offered the choice between 
having any data that is identifiable as belonging to you removed or allowing it to continue to be used. 
However, once the findings have been produced, removal of your data may not be possible. 

If you are willingly to be part of the study, please return this email with confirmation you are 
interested in participating.   

What will happen in this research? 

The survey can be found on the following link; 

 

Alternatively, you can send an email to me and I will forward the survey link to you.The first section 

of the survey includes you providing consent to be part of the research.  The survey will take 

approximately 10 minutes to complete.  There is no work required prior to completing the survey.  

Many of the questions will give options for answers and space will be available if you wish to provide 

more information.  If you have any questions, you are welcome to contact me at any time. 

Once all data is collated you will be sent a brief research report if requested. 

What are the discomforts and risks? 

There are no risks with completing this survey. 

What are the benefits? 

This survey will contribute towards my post graduate qualification. 

The benefits to this research are the ability to see what current practise looks like 
in NZ and how this has changed in the past decade.  This will allow areas for 
potential service development to be identified.  For the wider community the 
benefits of PR are well established, and the research can assist in exploring how 
we can improve access to this intervention for people living with chronic 
respiratory conditions. 

How will my privacy be protected? 

Your personal information will not be recorded or shared at any time. 

All information shared will be confidential.  The data shared will be combined and no individual 

service or programme will be reported on. 

What are the costs of participating in this research? 

The only cost to participation will be the time taken to complete the survey. 

What opportunity do I have to consider this invitation? 

Two weeks 

Will I receive feedback on the results of this research? 

A brief research report will be completed and sent to you if requested.  This will be prior to 

publication of results. 
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What do I do if I have concerns about this research? 

Any concerns regarding the nature of this project should be notified in the first instance to the 
Project Supervisor,  

Dr Denise Taylor or Dr Julie Reeve 

Concerns regarding the conduct of the research should be notified to the Executive Secretary of 
AUTEC, YŀǘŜ hΩ/ƻƴƴƻǊ, ethics@aut.ac.nz , 921 9999 ext 6038. 

Whom do I contact for further information about this research? 

Please keep this Information Sheet and a copy of the Consent Form for your future reference. 
You are also able to contact the research team as follows: 

Researcher Contact Details: 

Sarah Candy 

Physiotherapist / Pulmonary Rehabilitation Coordinator 

Counties Manukau Health 

021 414908 

. 

Project Supervisor Contact Details: 

Dr Julie Reeve      Prof Denise Taylor 

Senior Lecturer      Senior Lecturer 

AUT North Campus     AUT North Campus 

09 921 9999 ext 7085     09 921 9999 ext 9680 

 

Approved by the Auckland University of Technology Ethics Committee on 21 May 2019 AUTEC Reference number 

19/119. 
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Appendix E. Survey 2 PIS 

 

Participant Information Sheet 
 

Date Information Sheet Produced: 

20 August 2020 

Project Title 

Characteristics of Pulmonary Rehabilitation Programmes in New Zealand.  A survey of 
practise in response to COVID 19. 

An Invitation 

Thank you for completing the survey on the characteristics of your pulmonary 

rehabilitation service. I would like to invite you to participate in a follow up online 

survey to identify how services have changed in response to COVID 19. 

The survey is voluntary. Only one response per PR programme is required.  Ideally, the 

same person who completed the first survey would complete the follow up survey.  If 

this is not possible, then the lead clinician or pulmonary rehabilitation co-ordinator 

would complete the follow-up questions.  The survey will be able to provide the most 

useful information to this field of knowledge if we can include as many of the current 

services as possible in the survey. 

Your responses will be confidential and no personal details will be used.  You will not 

be identified personally. 

This survey is part of post graduate study for my post graduate qualification through 

AUT. 

What is the purpose of this research? 

The purpose of this survey is to identify how PR services have changed in response to 

COVID 19.  This will be compared to the characteristics of PR services identified in the 

previous survey in 2019. 

How was I identified? 

You were identified because you completed an earlier survey on the characteristics of 

PR services in NZ and gave approval for this. 

How do I agree to participate in this research? 

Your participation in this research is voluntary (it is your choice) and whether or not you 
choose to participate will neither advantage nor disadvantage you. You are able to 
withdraw from the study at any time. If you choose to withdraw from the study, then 
you will be offered the choice between having any data that is identifiable as belonging 
to you removed or allowing it to continue to be used. However, once the findings have 
been produced, removal of your data may not be possible. 
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If you are willingly to be part of the study, please sign the consent form attached and return 
this to me. You can scan or photograph the consent and return, or you can copy the content 
of the attached consent form into an email with a sentence indicating your agreement.  

The survey link will then be sent to you via email. 

What will happen in this research? 

If you are happy to be part of the research, you will be sent a link to the survey via email.  

The first section of the survey includes you providing consent to be part of the research.  

The survey will take approximately 10 minutes to complete.  There is no work required prior 

to completing the survey.  Many of the questions will give options for answers and space 

will be available if you wish to provide more information.  If you have any questions, you are 

welcome to contact me at any time. 

Once all data is collated you will be sent a brief research report if requested. 

What are the discomforts and risks? 

There are no risks with completing this survey. 

What are the benefits? 

This survey will contribute towards my post graduate qualification. 

The benefits to this research are to see how services adapted and 
responded to the COVID 19 pandemic and how this has changed the 
delivery of PR in NZ.  The information may also inform the development of 
telehealth services in NZ in response to the needs of the PR services. 

How will my privacy be protected? 

Your personal information will not be recorded or shared at any time. 

All information shared will be confidential.  The data shared will be combined and no 

individual service or programme will be reported on. 

What are the costs of participating in this research? 

The only cost to participation will be the time taken to complete the survey. 

What opportunity do I have to consider this invitation? 

Two weeks 

Will I receive feedback on the results of this research? 

A brief research report will be completed and sent to you if requested.  This will be prior to 

publication of results. 
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What do I do if I have concerns about this research? 

Any concerns regarding the nature of this project should be notified in the first instance 
to the Project Supervisor,  

Dr Denise Taylor or Dr Julie Reeve  09 921 9680 

Concerns regarding the conduct of the research should be notified to the Executive 
Secretary of AUTEC, Dr Carina Meares, ethics@aut.ac.nz , 921 9999 ext 6038. 

Whom do I contact for further information about this research? 

Please keep this Information Sheet and a copy of the Consent Form for your future 
reference. You are also able to contact the research team as follows: 

Researcher Contact Details: 

Sarah Candy 

scandy@middlemore.co.nz 

Physiotherapist / Pulmonary Rehabilitation Coordinator 

Counties Manukau Health 

021 414908 

. 

Project Supervisor Contact Details: 

Dr Julie Reeve      Prof Denise Taylor 

Senior Lecturer     Professor 

AUT North Campus     AUT North Campus 

09 921 9999 ext  7085    09 921 9680 

  

Approved by the Auckland University of Technology Ethics Committee on 21 August 

AUTEC Reference number 19/119. 
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Appendix F. Survey 1 Questions 
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Appendix G. Survey 2 Questions 
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Appendix H. Scoping Review Study Protocol 

Study Protocol - What are the factors which influence participation in 

telerehabilitation ς A scoping review 

Abstract 

Objective: The objective of this scoping review is to understand the extent and type of 

evidence in relation to the factors which impact patient participation in 

telerehabilitation. 

Introduction: Telerehabilitation is an emerging form of delivering PR which has been 

shown to be safe and likely as effective as centre-based PR (Cox, McDonald, Alison, et 

al., 2018). Telerehabilitation has the ability to overcome many barriers to centre-based 

PR. What is not understood are the patient related factors which influence 

participation in telerehabilitation programmes. 

Inclusion criteria: The review will include articles which explore the patient experience 

r attitude towards participating in telerehabilitation. This includes RCT, non-RCT trials, 

observation studies, mixed methods research, case studies, opinion pieces. Adult 

participants living with a chronic respiratory disease who would be eligible for PR. The 

review will exclude articles not written in English, studies of maintenance programmes 

/ self-management programmes. 

Methods: Scopus, MEDLINE, CINAHL and Cochrane Library will be searched. The search 

will be limited to English language from January 2011 to date. Studies will be included 

in which participants completed telerehabilitation or were asked their thoughts 

regarding telerehabilitation. Data will be extracted to a pre-developed template. 

Introduction 

Pulmonary rehabilitation is a fundamental component in the management of chronic 

respiratory disease. Despite the overwhelming evidence to support the effectiveness 

uptake and completion of PR is low worldwide (Levack et al., 2012; McCarthy et al., 

2015; Steiner et al., 2015a). 
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A systematic review by Keating, Lee and Holland (2011) investigated factors limiting 

attendance and completion of programmes. The percentage of non-completion varied 

across the studies from 9.7% - 31.8% (Keating et al., 2011). The key themes identified 

in the studies relating to reduced attendance were illness related to lung disease or 

comorbid conditions, travel and transport factors, lack of social support and lack of 

perceived benefit. Current smoking status and depression were the only two baseline 

demographic factors which clearly increased the likelihood of non-completion. 

Much attention has focused on identifying barriers to attending and completing, but to 

date there is little evidence available on the enablers to completing PR. Ringbaek et al 

(2016) examined interventions aimed at improving uptake and /or completion of PR 

and found only one study which could be included in the review (Ringbaek et al., 

2016). The study involved providing participants attending PR with a device or tablet, 

which included videos of the exercises, a training diary and a progress chart (Ringbaek 

et al., 2016). The improvement in completion rate was small and not found to be 

statistically significant. 

The literature has shown commonality in many of the reasons identified for non-

attendance and completion. Several of these factors, such as travel and transport, 

have the potential to be overcome through delivering PR directly to the participant 

with the use of tele rehabilitation (telerehabilitation). Telerehabilitation has been 

proposed as a method to improve access and completion may overcome several of the 

system related barriers including insufficient number of programmes and convenience 

of programmes (timing, travel, transport, parking) and also some of the patient 

identified barriers including access to transport, personal commitments, current 

smokers, exacerbation of illness or co-morbidity. There are however, a risk that many 

other patient related barriers previously identified such as lack of social support, lack 

of perceived benefit, greater levels of dyspnoea and depression, would not be 

addressed through technology and the gap may widen and these people.  

There is a growing body of evidence regarding the use of telerehabilitation with a 

range of different models being used including telephone, video conferencing and 

mobile/web-based applications. A recent Cochrane review has shown these 

interventions are likely to be as safe and effective as traditional centre-based PR, 
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however, the small number of studies with low sample sizes and methodological 

heterogeneity makes this conclusion guarded (Cox et al., 2021). What is not well 

understood is what is the patient preference for intervention delivery and what are 

some of the barriers and enablers to patients participating in telerehabilitation. This is 

important information in intervention development to ensure new models of PR are 

not widening the equity gap but instead making this important intervention available 

to a larger number of people living with chronic respiratory disease. 

¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎŎƻǇƛƴƎ ǊŜǾƛŜǿ ƛǎ ǘƻ ŜȄŀƳƛƴŜ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜƭŀǘƛƴƎ ǘƻ ǇŀǘƛŜƴǘΩǎ 

perspective of participating in telerehabilitation in order to identify barriers and 

enablers to uptake, attendance and completion. 

A preliminary search of MEDLINE, the Cochrane Database of Systematic Reviews and 

JBI Evidence Synthesis was conducted and no current or underway systematic reviews 

or scoping reviews on the topic were identified. 

Review question 

The following scoping review aims to answer the following questions. 

1.  What are the factors which influence patient participation in telerehabilitation. 

2. Attitudes towards telerehabilitation 

3. Willingness to use telerehabilitation 

4. Adherence and engagement with telerehabilitation 

Keywords 

Pulmonary rehabilitation, telerehabilitation, chronic respiratory disease, barriers, 

uptake 

Eligibility criteria 

Participants 

People living with a chronic respiratory condition who would be eligible for referral to 

PR. Including COPD, ILD, asthma, bronchiectasis, pre and post lung surgery. 
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Concept 

Pulmonary rehabilitation (PR) delivered as telerehabilitation. Including video 

conferencing, SMS, web based, APP based, phone-based interventions.  

PR must include exercise training (6+ weeks), education and self-management. 

Context 

What are the factors which impact of telerehabilitation? 

Types of Sources 

This scoping review will consider both experimental and quasi-experimental study 

designs including randomized controlled trials, non-randomized controlled trials, 

before and after studies and interrupted time-series studies. In addition, analytical 

observational studies including prospective and retrospective cohort studies, case-

control studies and analytical cross-sectional studies will be considered for inclusion. 

This review will also consider descriptive observational study designs including case 

series, individual case reports and descriptive cross-sectional studies for inclusion. 

Qualitative studies will also be considered that focus on qualitative data including, but 

not limited to, designs such as phenomenology, grounded theory, ethnography, 

qualitative description, action research and feminist research.  

In addition, systematic reviews that meet the inclusion criteria will also be considered, 

depending on the research question.  

Text and opinion papers will also be considered for inclusion in this scoping review. 

Methods 

The proposed scoping review will be conducted in accordance with the JBI 

methodology for scoping reviews. 

Search strategy 
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The search strategy will aim to locate both published and unpublished studies. An 

initial limited search of MEDLINE and Scopus was undertaken to identify articles on the 

topic. The text words contained in the titles and abstracts of relevant articles, and the 

index terms used to describe the articles were used to develop a full search strategy 

for Scopus, MEDLINE and CINHAL. The search strategy, including all identified 

keywords and index terms, will be adapted for each included database and/or 

information source. The reference list of all included sources of evidence will be 

screened for additional studies.  

Studies published in English will be included. Studies published since 01/01/2011 will 

be included. 

The databases to be searched include MEDLINE, CINAHL, Scopus and Cochrane. 

Sources of unpublished studies/ gray literature to be searched include commentaries, 

conference abstracts, thesis.  

Study/Source of Evidence selection 

Following the search, all identified citations will be collated and uploaded into EndNote 

20.4 and duplicates removed. Following a pilot test, titles and abstracts will then be 

screened by SC for assessment against the inclusion criteria for the review. Potentially 

relevant sources will be retrieved in full, and their citation details imported into excel. 

The full text of selected citations will be assessed in detail against the inclusion criteria 

by SC. Reasons for exclusion of sources of evidence at full text that do not meet the 

inclusion criteria will be recorded and reported in the scoping review. The results of 

the search and the study inclusion process will be reported in full in the final scoping 

review and presented in a Preferred Reporting Items for Systematic Reviews and Meta-

analyses extension for scoping review (PRISMA-ScR) flow diagram (Tricco et al., 2018) 

Data Extraction 

Data will be extracted from papers included in the scoping review by SC using a data 

extraction tool developed by SC, JR, DT. The data extracted will include specific details 

about the participants, concept, context, study methods and key findings relevant to 
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the review question. The draft extraction form will be piloted by SC and reviewed with 

JR, DT prior to full data extraction. 

A draft extraction form is provided. The draft data extraction tool will be modified and 

revised as necessary during the process of extracting data from each included evidence 

source. Modifications will be detailed in the scoping review.  

Data Analysis and Presentation 

Quantitative and qualitative data synthesis will be performed. The quantitative data 

includes the counts of studies reporting barriers and enablers along with patient 

references. Narrative synthesis will be used to report themes reported in qualitative 

studies. 

Preferences and uptake data will be presented graphically. The themes will be 

presented in diagrammatic form. A narrative summary will accompany figures and 

tables. 
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Appendix I. Scoping Review Search Strategy 

1 /ht5 hw ŀǎǘƘƳŀ hw ōǊƻƴŎƘƛŜŎǘŀǎƛǎ hw ΥέƛƴǘŜǊǎǘƛǘƛŀƭ ƭǳƴƎ ŘƛǎŜŀǎŜέ hw άƭǳƴƎ 

ŦƛōǊƻǎƛǎέ hw άŎƘǊƻƴƛŎ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜέ hw άŎƘǊƻƴƛŎ ƭǳƴƎ ŘƛǎŜŀǎŜέ 

1 wŜǎǇƛǊŀǘƻǊȅ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ hw άǇǳƭƳƻƴŀǊȅ ǊŜƘŀōƛƭƛǘŀǘƛƻƴέ hw ά/ht5 

ǊŜƘŀōƛƭƛǘŀǘƛƻƴέ hw άƭǳƴƎ ǊŜƘŀōƛƭƛǘŀǘƛƻƴέ hw άǊŜǎǇƛǊŀǘƻǊȅ ǘƘŜǊŀǇȅέ 

2 Telerehabilitation OR tele-ǊŜƘŀōƛƭƛǘŀǘƛƻƴ hw ƳIŜŀƭǘƘ hw άǿŜō ōŀǎŜŘέ hw 

ǎƳŀǊǘǇƘƻƴŜ hw !ǇǇ hw ƻƴƭƛƴŜ hw ǘŜƭŜƘŜŀƭǘƘ hw άǾƛŘŜƻ ŎƻƴŦŜǊŜƴŎŜέ hw 

mobile OR home-based OR remote OR telephone 

3 Barrier* OR enabler* OR challenge* OR uptake OR compliance OR adherence 

OR obstacle OR completion OR limitation* OR facilitator* OR success OR non-

compliance OR attend OR attitude OR participation 
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Appendix J. Scoping Review Data Extraction Tables 

Table 1. Studies reporting patient uptake of telerehabilitation studies 

Author 
(year) 

Country Study Design Participants  
(n,age, diagnosis) 

PR Concept Uptake of Telerehabilitation Comments 

Screened Not eligible Declined  

Benzo 
(2021) 

USA RCT + qual 
interviews 

78 COPD 

70 yrs (8) 

Web-based 
with 
telephone 
coaching 

217  63 

Busy (11) 

Not interested (11) 

Not tech savvy (5) 

Lost to followup (30) 

Time (6) 

 

Bourne 
(2017) 

UK 

 

RCT 

 

90 COPD 

(64 online:26 centre-
based) 

(mMRC җ нΣ Ҕ пл ȅŜŀǊǎΣ 
access to internet, ability 
to operate web platform) 

70 years ( 

Web-based 
c.f. centre-
based 

163 N = 73 

Oxygen levels (n = 
36) 

Exacerbation (n = 
13) 

Comorbidities (n = 
8) 

Only describes 
participants who 
wished to participate. 

E 

**significant number 
excluded who 
desaturated** 

 

Cerdan-
De-Las-
Heras 
(2022) 

Denmark 

 

RCT 54 COPD 

(27 web:27 centre-based) 

67 yrs (10) 

47% female 

Web-based 
c.f. centre-
based 

 

95 20 

(co-morbidities 
n=4) 

(unable to do 
telerehab n=4) 

(not willing to do 
protocol n=12) 

21 

 

Adherence reported as 
high 82% but tool for 
measurement not 
described. 

Report matched ex 
intensity to HR in real 
time ςfeedback gave 
better improvements. 
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Author 
(year) 

Country Study Design Participants  
(n,age, diagnosis) 

PR Concept Uptake of Telerehabilitation Comments 

Screened Not eligible Declined  

Chaplin 
(2017) 

UK 

 

RCT  

 

103 COPD 

(51 web:52 centre)  

Recruited from PR and 
primary care, MRC 2-5, 
access to internet >3 
mnths, ability to use 
websites + email. 

66 yrs (10) 

Web-based 
c.f. centre-
based 

641 244 294 + 54 of excluded 
prefer centre-based 

Asked preference before 
randomisation 38% pref 
web based. 

Low completion rate in 
web-based c.f centre-
based. 

Majority dropped out at 
beg. 

Cox 

(2021) 

Australia 

 

RCT 

 

142 CRD 

(68 VC:67 centre) 

68 yrs (9) 

VC c.f. 
centre-
based 

651 253 246 

(Wanted centre-
based n = 95) 

(no space n = 12) 

Large study. 23% 
recruitment. 

Adherence high in both 
groups. 

Grosbois 
(2021) 

France 

 

Retrospective 
audit 

105 CRD 

63 yrs 

Telephone 
or VC c.f. NO 
PR (during 
COVID) 

120  15 Phone or VC 

75% only had access to 
telephone calls. 

Hansen 
(2020) 

Denmark RCT,  134 COPD 

68 yrs (9) 

mMRC җ 2, recruited 
from respiratory 
departments,  

 

 VC c.f 
centre-
based 

1099  714 

(wanted centre-
based 251) 

 

More completed PTR 
than centre based. 
Slightly higher adherence 
in PTR. 

Recruited real world 
patients. Min exclusion 
criteria. 

Changes in CAT + HAD 
relate to real-time 
supervision (VC c.f. web-
based) 
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Author 
(year) 

Country Study Design Participants  
(n,age, diagnosis) 

PR Concept Uptake of Telerehabilitation Comments 

Screened Not eligible Declined  

Holland 
(2017) 

Australia  166 COPD  

(80 home based:88 
centre) 

69 yrs (13) 

Telephone 
c.f. centre-
based 

295 58 67 

(wanted centre-
based n = 54) 

Mod to severe CRD 

Much higher completion 
rate in telephone c.f 
centre 

Broad inclusion criteria 

Many comorbidit 

Adherence measured 
with ex. Diary 

Those that completed 
either group had longer 
to next admission. 

Houchen-
Wolloff 

(2021) 

 

UK 

 

Feasibility study. 
Nonrandomised, 

100 AECOPD inpatient 

Web literate (used device 
more than once per 
week) 

71 yrs (9)  

Web-based 
c.f. No PR 

 

2080 100 Main exclusion was 
not web literate or 
did not have email 
address 

Screened 

Needed to be web 
literate and regular email 
user. 

Lahham 
(2020) 

Australia 

 

RCT 

 

58 mild COPD 

(29 ph: . 

68 years  

Telephone 
c.f. centre-
based 

982 letters 
sent out 

   

Lewis  

(2021) 

UK 

 

Service 
evaluation 

Mixed methods 
design. 

17 CRD  

Recruited from PR 
waitlist 

69 yrs (10) 

VC 

+ Telephone 
calls 

25  14 

(no internet n = 3) 

(digital confidence n 
= 3) 

Personal preference 
(n = 5) 

Other n = 4 

PR inclusion made 
possible by digital support 
provided. Intro session 
improved engagement. 



 

215 

Author 
(year) 

Country Study Design Participants  
(n,age, diagnosis) 

PR Concept Uptake of Telerehabilitation Comments 

Screened Not eligible Declined  

Marquis 

(2015) 

Canada 

 

Observational 
study 

26 COPD (mod to severe) 

65 yrs (7), 58% female 

Needed internet at home 

Convenience sample. 

No control 

VC c.f. 

 

77 31 20 High adherence rate. 

No report of technology 
competence 

Nolan UK Nonrandomised 154 COPD 

71 yrs (9) 

Telephone 1593   154 chose home based 

Simony  

(2019) 

Denmark Non-empirical. 

 

15 COPD 

Referred to PR 

62 yrs  

VC 28  12  

Tsai  

(2017) 

Australia RCT 

 

37 COPD 

(20 VC : ? 

Referred to PR 

73 years ( 

VC c.f no PR 128 91 

(unable to use 
computer n = 16) 

Language (n =  

(home 
environment n = 
12) 

 Excluded 39, declined 52. 
Preferred centre-based 
(4), excluded if on oxygen 
or walking frame. 

Note. Data presented as n or mean (SD) 
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Table 2. Studies reporting patient perceptions of participating in telerehabilitation 

Author (date) Country  Study 
Design 

Participant 

(n,age, diagnosis, 
recruited from)  

PR Concept Report Intent 
/ willingness  

Report barriers  Report 
enablers 

Content Preferences / 
recommendations 

Comments 

Almojaibel 
(2021) 

USA 

 

Survey 134 diagnosis 
not stated 

66 yrs (10) 

Attending PR 

Not clearly 
defined 

Yes. 61% 
positive 
intent. 

Disease duration Perceived 
usefulness 

Computer literacy 

culture 

Age not a predictor 
of intent, nor was 
travel time. 

Telerehab naiive 

20% had never used 
internet 

Alwashmi 
(2020) 

Canada Mixed 
methods ς 
survey & 
interviews 

77 COPD 

65 yrs 

Recruited from 
respiratory 
clinic.  

Web-based 
PR 

No Technical 
challenges 

Financial 

Privacy/security 

Lack of interest in 
telerehab. 

Perceived 
benefits 

needs to be 
easy to use 

need techn. 
Support. 

Training in use of 
mHealth to build 
confidence 

Mobile phone 
ownership highest 
(73%) 

Low users of social 
media 

Likelihood of owning 
smartph related to 
education 
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Author (date) Country  Study 
Design 

Participant 

(n,age, diagnosis, 
recruited from)  

PR Concept Report Intent 
/ willingness  

Report barriers  Report 
enablers 

Content Preferences / 
recommendations 

Comments 

Bairapareddy 
(2021) 

India Survey 

 

30 COPD 

54 yrs (12) 

All attended PR 

Knew about 
telerehab 

Web-based 
PR 

Yes ς 70% 
agree an 
acceptable 
option. 

Physio may not 
get good 
understand of 
patient condition 

Ease of use 

Language 

Financial cost. 

More 
convenient 
to contact 
HCP. 

Save time. 

More 
accessible. 

monitoring High level of interest, 
but concern about 
availability and 
expertise of 
telerehab. 

Dobson (2019) NZ Mixed 
methods -
Survey & 
interview 

30 CRD 

73% > 65 years 

Attended AND 
never attended 
PR 

Web-based 
PR 

No   Yes Consideration to 
peer support, digital 
literacy and 
confidence. Referral 
by someone with 
trusted relationship 

Inskip  

(2018) 

Canada Survey & 
Focus 
groups  

26 CRD 

71 yrs 

58% attended 
PR 

42% Did not 
attend due to 
travel 

Most were 
regular users of 
computer, ¼ 
regulr user of 
smartph 

Not defined. 
Demonstrated 
portable 
devices; 
physical 
activity, pulse 
oximeters, 
pedometers, 
smartphone 
apps. 

No   Social support 

Communication 
with HCP 

Biosensors for 
monitoring 

Evolution of support 

Age not a predictor 
of intent, nor was 
travel time. 

Telerehab naiive 

20% had never used 
internet 
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Author (date) Country  Study 
Design 

Participant 

(n,age, diagnosis, 
recruited from)  

PR Concept Report Intent 
/ willingness  

Report barriers  Report 
enablers 

Content Preferences / 
recommendations 

Comments 

Polgar (2022) UK Survey (x 2) 99 + 101 CRD 

тп ȅŜŀǊǎ ό{5Χύ 

Referred to PR 

Web-based 
PR 

Yes Yes*   Technical challenges 
and preference for 
centre-based. 

Seidman 
(2017) 

Australia Survey  254 CRD 

73 yrs (1) 

Attended/ing PR  

High users and 
access to devices 

VC  Yes Yes Yes  Age not a predictor 
of intent, nor was 
travel time. 

Telerehab naiive 

20% had never used 
internet 

Skibdal (2022) Denmark 

(2020-
2021) 

Mixed 
methods 

Survey & 
interviews 

84 COPD 

70 years (9) 

All declined 
centre-based PR 

VC, 
telephone or 
text 
messages 

 Yes   Believing the 
benefits sig. assoc. 
with willingness. 
Daily use of tech 
assoc with 
willingness. 

28% willing to do 
telerehab (29% 
unsure, 43% not 
keen) 

Most were daily 
users of computer. 

69% believed they 
had tech skills for 
telerehab, but did 
not prefer this way 
of comms. 

Note. Data presented as n or mean (SD) 
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Table 3. Studies reporting patient experience of participating in telerehabilitation 

Author & 
Date 

Country Study Design  Population 

(n,age, diagnosis) 

Concept Outcomes Results Comment 

Benzo 
(2021) 

USA RCT + interviews 

Home based v 
control. 

Structured 
interviews to 
ransom sample of 
participants. 

78 

COPD 

 69.4 yrs (8) 

8-week programme V waitlist 
control. 

Video guided exercises to do 
6 days/week. 

Pulse oximetre+ step counter. 

Health coaching = weekly 
telephone call ς review 
activity + symptoms + define 
goals. 

Goals to visualise progress 

Barriers ς 

 

Enablers ς 
coaching ς 
confidence, 
support, 
encouragement, 
interested in them, 
aided technology 
use.  

96% would recommend to 
others. 

High acceptability + 
satisfaction. 

The coach listened and 
increased their confidence. 

Liked the technology. 

Liked to see progress. 
Coaching- (1) gave 
encouragement 
+support,(2)accountability (3) 
troubleshooting technology 
allowing them to engage in 
programme.  

Older data 2016-
2018. 

Adherence 
measured as 
system use >1 
feature 

Weekly phone 
calls 

Effective because 
breathing 
improved and 
ǘƘŀǘΩǎ ǿƘȅ ǘƘŜȅ 
would 
recommend. 

Burkow 
(2015) 

Norway Mixed methods ς
Interviews ς semi 
structured with 
open and closed 
questions. 

questionnaires 

10 

COPD 

Recruited from 
PR 

61.7 yrs 

VC + phone calls 

Assessed inperson 

9-week internet enabled PR. 

1 x wk education one hour 

2 x online ex sessions 30 mins, 
warm up/strength+endurance 
exs, interval training. 

Online individual 
consultations weekly 10 ς 
15mins. 

Acceptability ς  

Attendance at 
sessions 

Perceptions of 
delivery mode and 
components of the 
programme 

High attendance at online 
sessions ς enjoyed the 
education sessions and learnt 
from each other. 

Step counters ς motivating for 
grade 3 and below, mixed 
results for the grade 4. 

Valued the individual 
consultation. 

No technology concerns 

Technical training 
and tech support 
given. 

Small sample 

All frequent 
computer user 

Quite severe 
COPD (4 LTOT) 
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Author & 
Date 

Country Study Design  Population 

(n,age, diagnosis) 

Concept Outcomes Results Comment 

Lahham 
(2018) 

Australia Interviews ς 
individual semi 
structured 
interviews with 
open ended 
questions.  

 

13 

COPD 

From HomeBase 
trial 

66.4 yrs. 

1 completed PR 
before, 12 naiive 
to PR 

Phone based 

Initial assessment, 1 home 
visit with PT, participants 
exercise 30 minutes most 
days of week, given exercise 
diary and pedometer. 

Seven weekly phone calls 
from PT 

Facilitators and 
barriers to 
adherence with 
HomeBased PR 

Improved wellbeing ς physical 
symptoms + mood 

Flexibility ς reduced burden 
(travel + $), timing ς keep own 
commitments 

Social support ς from Pt but 
also family and friends 

Challenges ς getting started, 
unable to complete the 
exercise or needing variety 

Nested in large 
RCT. 

Hoas 
(2016) 

Norway Survey + focus 
groups 

10 

COPD 

Recruited from 
inpatient PR 
programme. 

55yrs. 

2-year PR 
programme 

VC + webpage 

Exercise 3 x wk for 30 mins. 
Individually prescribed, warm 
up/walking intervals/cool 
down. Tablet and pulse 
oximeter for monitoring + 
daily symptom diary. 

Weekly VC session with PT 
who had access to exercise + 
symptom data. 

Adherence ς logs 
on webpage 

Factors affecting 
satisfaction + 
adherence+ 
potential service 
improvements 

Adherence ς no dropouts 

All had breaks but came back 
to programme 

Health benefits 

Improved self-efficacy 

Communication with HCP ς
important for safety and 
increasing confidence 

Motivation - 

8/10 used internet 
every day. 
Physician selected 
patients from PR 
and participation 
was voluntary 

3 had LTOT 

Houchen 
Wollooff 
(2021) 

UK Semi structured 
interview 

14 inpatient 
COPD  

71 yrs (9) 

Web SPACE for COPD Preparing for, 
engagement with 
and benefits of 
porgramme 

Technical challenges ς even tho 
they passed screening test. 

Needed to be web 
literate. 

Did not use VC or 
email the 
team.Nested in 
larger study 
(n=100). 



 

221 

Author & 
Date 

Country Study Design  Population 

(n,age, diagnosis) 

Concept Outcomes Results Comment 

Simony 

(2019) 

Denmark Observational study 15 COPD 

62 yrs 

47% female 

Given tablet + SIM card + 
exercise equipment 

Supervised group exercise 

Individual phone call 

 Highest adherence with group-
based exercise c.f individual 
phone consults. 

Enabler ς reduced travel and 
time burden 

Flexibility in comm with HCP 
allowed managing exac and 
everyday challenges better. 

**need shared session with 
close relatives ** 

 

Tsai 
(2016) 

Australia Survey + interview. 

 

11 COPD 

73 yrs (8) 

 

VC 

One hour exercise, 30x wk for 
8 weeks via VC. 

Up to four in group. 

Laptop, 4G cellular data, 
bicycle, pulse oximetre 
provided. 

Physio visited home + set up 
equipment and provided 
phone technical support. 

No formal education 
provided. 

One questionnaire 
(CSQ-8)and two 
purpose-built 
surveys + semi-
structured 
interview which 
expanded on 
questionnaires. 

Highest rating- timeliness and 
convenience Lowest use of 
equipment and interaction 
with others. 

 Enjoyed having others to 
exercise with through VC 

-Equipment easy to sue, except 
3 people with internet 
problems. 

-convenience for those working 
and reduced costs 

-health benefits attributed to 
supervision of PT 

Extensions of 
TeleR study ς 
random sample 
from quant study. 
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Author & 
Date 

Country Study Design  Population 

(n,age, diagnosis) 

Concept Outcomes Results Comment 

Whittaker 
(2021) 

NZ Feasibility study 26 CRD 

70 yrs 

Recruited from 
PR programmes  

4 family 
members 

Web-based 

Individual assessment. 9-
week PR 

SMS + app+ sensor 

Exercise 5 days week, 
individualised programme. 
Walking, resistance and 
balance exercises. 

Semi structured 
interview - 
satisfaction, 
usefulness, and 
usability. 

All participants (bar one) 
ǊŜǇƻǊǘŜŘ ǳǎŜŦǳƭΦ CŀŎƛƭƛǘŀǘƻǊΩǎ 
motivation and empowerment.  

Felt supported 

Increased awareness and 
knowledge 

Barriers 

Exercise too hard, need variety, 
more personalised, more 
feedback. Technical issues. 

 

Note. Data presented as n or mean (SD) 
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Appendix K. Scoping Review PRISMA Checklist 

Table 4. Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist 

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED ON 
PAGE # 

TITLE 

Title 1 Identify the report as a scoping review. 54 

ABSTRACT 

Structured summary 2 Provide a structured summary that includes (as applicable): background, objectives, eligibility criteria, sources of 
evidence, charting methods, results, and conclusions that relate to the review questions and objectives. 

54 

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known. Explain why the review 
questions/objectives lend themselves to a scoping review approach. 

55 

Objectives 4 Provide an explicit statement of the questions and objectives being addressed with reference to their key elements 
(e.g., population or participants, concepts, and context) or other relevant key elements used to conceptualize the 
review questions and/or objectives. 

56 

METHODS 

Protocol and registration 5 Indicate whether a review protocol exists; state if and where it can be accessed (e.g., a Web address); and if available, 
provide registration information, including the registration number. 

57 

Eligibility criteria 6 Specify characteristics of the sources of evidence used as eligibility criteria (e.g., years considered, language, and 
publication status), and provide a rationale. 

56 

Information sources* 7 Describe all information sources in the search (e.g., databases with dates of coverage and contact with authors to 
identify additional sources), as well as the date the most recent search was executed. 

57-58 

Search 8 Present the full electronic search strategy for at least 1 database, including any limits used, such that it could be 
repeated. 

Click here to 
enter text. 

Selection of sources of 
ŜǾƛŘŜƴŎŜϞ 

9 State the process for selecting sources of evidence (i.e., screening and eligibility) included in the scoping review. 57 

5ŀǘŀ ŎƘŀǊǘƛƴƎ ǇǊƻŎŜǎǎϟ 10 Describe the methods of charting data from the included sources of evidence (e.g., calibrated forms or forms that 
have been tested by the team before their use, and whether data charting was done independently or in duplicate) 
and any processes for obtaining and confirming data from investigators. 

57 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED ON 
PAGE # 

Data items 11 List and define all variables for which data were sought and any assumptions and simplifications made. 57-58 

Critical appraisal of 
individual sources of 
evidence§ 

12 If done, provide a rationale for conducting a critical appraisal of included sources of evidence; describe the methods 
used and how this information was used in any data synthesis (if appropriate). 

n/a 

Synthesis of results 13 Describe the methods of handling and summarizing the data that were charted. 58 

RESULTS 

Selection of sources of 
evidence 

14 Give numbers of sources of evidence screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally using a flow diagram. 

58 

Characteristics of sources 
of evidence 

15 For each source of evidence, present characteristics for which data were charted and provide the citations. appendix 

Critical appraisal within 
sources of evidence 

16 If done, present data on critical appraisal of included sources of evidence (see item 12). n/a 

Results of individual 
sources of evidence 

17 For each included source of evidence, present the relevant data that were charted that relate to the review questions 
and objectives. 

61-64 

Synthesis of results 18 Summarize and/or present the charting results as they relate to the review questions and objectives. Click here to 
enter text. 

DISCUSSION 

Summary of evidence 19 Summarize the main results (including an overview of concepts, themes, and types of evidence available), link to the 
review questions and objectives, and consider the relevance to key groups. 

70-71, 76 

Limitations 20 Discuss the limitations of the scoping review process. Click here to 
enter text. 

Conclusions 21 Provide a general interpretation of the results with respect to the review questions and objectives, as well as potential 
implications and/or next steps. 

80 

FUNDING 

Funding 22 Describe sources of funding for the included sources of evidence, as well as sources of funding for the scoping review. 
Describe the role of the funders of the scoping review. 

Click here to 
enter text. 

 



 

225 

Appendix L. Formative Study 
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