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Abstract

Introduction

Chronicrespiratory disease€CRDare a highly prevalent public health issue wstark
inequities andsignificantmorbidity and mortality. Pulmonarigehabilitation(PR)s an
effectiveintervention which is proven to reduce the symptom burdenpeopleliving
with a CRDUptake,attendance,and completion of PR worldwidcsre poor. New and
novel ways of deliverinBRare required to increasthe reach of PRThis thesis aims to
investigate a method of delivering PR that miagrease the reach of P&Rrvices in

ActearoaNew ZealandNZz)
Methods

Prior to development of a new delivery method of iRRZ asurveyof all PR services
in NZ wagompleted Simultaneouslya scoping review of the literatuneas
undertakento determinethe factors that may influencengagement in and
experiences withelerehabilitation and their experiences of engaging in this form of
PR.The informationfrom these two studie¢ed to the iterative process of developing
the content foramHealthPR programmémPRY; the first of its type specifically for
the NZ populationThe mPR intervention was developed by a multidisciplinary team
includingpublic health physiciarmHealthexperts,behaviour change experts,
physiotherapists, computer scientisteqgple living with a CR2nd engineers.
Throughout tle developmenprocess twdurther studies were undertakerwhich
further shapel the contentof mPRFurthermore, & evaluaton of our mPR
programmewas undertaken witla preferencebasedtrial and the patient experience
was assessed through a mixed methods study wiviabnested in the preference

basedtrial.
Results

The national survey of PR services demonstrated that pridreéc@COVIBL9 pandemic,
PR services in NZ offered predominantly cetitased PR with only 5% of services
offeringany homebasedoptions. No services offered telkhabilitation, and al

services operated withinormalworking hours The survey also found thaudng the



COVID pandemimanyservices pivotedheir servicego provide telerehabilitation

options

The scoping review identifiedevice data accesdigital literacy,and concerns
regardinglack ofsupportfrom peers anctlinicianswere key barriers to participation in
telerehabilitation Studies reportedhie convenience and reduced burden of
telerehabilitation werereported aspositivefactorsfor participantsengaging in

telerehabilitation

A preferencebased study wassedto determine whether PR attendance and
completion rates may be improved by offering the participants their choice of delivery
model (centrebased @ mMPR)Whilst 64% of participants preferred centbased PR, of
the 36% that preferred mPR, th&ere more likely to be younger areinployed

Whilst @tendance and completion rates were higher in the cerbased group high

levels of satisfaction angerceived benefitvere reportedfrom the mPRorogramme.
Conclusions

Whilst @ntre-based PR remains the preferred option for many, the addition of
mHealth delivered PR can increase the reach to thosemilght otherwisebe unable

to access PRervices
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Chapter 1 Introduction

1.1 Statement of theproblem

Chronic respiratory diseases (CRD) are associated witm#icant burden for
patients, g K n ydndihealth care systesnPulmonary rehabilitation (PR) has proven
efficacy to reduce the symptoms and morbidity of living with a CRDthleutptake of
PR is lowLevack et al., 2012; Steiner et al., 201%R is traditionally delivered at a
hospital outpatient centre and participants anermallyrequired to attend the centre
twice weekly for eight week@lison et al., 2017)This model of PRas been
demonstrated to behighly effectiveMcCarthy et al., 201%)ut is associated with

many patientrelated and organisational barrie(€ox et al., 2017)

There is growing evidence for the usenabbile health fnHealth to support
management othronic conditions such asrdiac diseas@Rawstorn et al., 2016)
diabetes(Dobson et al., 2018) | NJ A diseasg/TSduris et al., 201 And stroke
rehabilitation(Signal et al., 2020)

1.1.1 Aims andDbjectives

Thisthesisoutlines the processndertakento develop and tesan mHealthapplication
for PR The overarching aim of the thesis wasrnwestigate whether an mHealth
programme designed for use NZ might increase the reach of PR in NZespecific

researchobjectivesto be addressed in this thesis are:

1. To develop an understanding ofirrent PR practises in Nudd how tresemight
impact uptake and completion

Toidentify factors which influence patient participation in telerehabilitation
To cevelopthe content for aNZbasedmHealthPR programme

To evaluate the content for a NZ based mHealth PR programme

a bk~ w0 D

To dentify patient preference fodelivery of PRia either centrebasedor
mHealth delivered PRnd ascertain if allowing participants to choose their
delivery method improvethe rate of attendanceat PR

6. To evaluate enduser experienceof the NZ purpose designedHealth

intervention MPR



1.1.2 Structure of the thesis

The structure of the thesis involves gathering information to informdbetent
developmentof an mHealth intervention for PRyjllowed by studiesvhichdetail the
design of the interventionassess the patient preference and outcomes from centre
based and mHealth PRnd finally ascertaithe patient experience of participation in
our purpose designethHealth PR programmd hethesisstructure isshown in

Figurel.

Figurel

Structure of the Thesis

Chapter 1. Intreduction

| |

Chapter 2. Survey of current NZ PR services Chapter 3. Scoping review of factors influencing participation
in telerehabilitation

i i

Chapter 4. Content Development (mPR)

End-user perspective Feasibility of mPR
study
Chapter 5. Protocol for a preference based clinical trial
Chapter 6. mPR or centre-based PR- A Chapter 7. End-user experiences of
preference based clinical trial participating in mPR — A qualitative study

l l

Chapter 8. Discussion and conclusion

1.1.3 Key terminology

Throughout this thesis, the terms telerehabilitation, mHealth and mPR are used
extensivelyTelehealthnterventions areconsidered ashose that provide healthcare
services from a distance through the use of technology or telecommunicadgodd

Health Organization, 2011F0r the purpose of this thesis:

1 Mobile health (nHealth is a form of telehealth whichses mobilalevices,
(including mobile phones), to deliver health services and informdtigarld

Health Organization, 2011)



{1 Telerehabilitatioris a domain of telehealth which uses information and
communication technologies to provide clinical rehabilitation services remotely
(Kairy et al., 2009)n this thesis, the term telerehabilitation is used to refer to
tw NBY23GSte& RSt AJS NBskgtechholdy. This @ayLJ G A Sy (
include telephone (including text messaging), videoconferencing facilities and
web-based applications.

1 mPRrefers to theNZ basedR intervention developed and tested in this work.
1.2 Backgroundo the problem

1.2.1 Chronic respiratory disease

Prevalence

CRDncluding 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 worldwjt#aio et al., 2016)
Estimated prevalence rates of COPD vary globally with Austral{a&Stsalian

Institute of Health and WelfareJSA 12%Ford et al., 20133nd United Kingdom ¢
10%(Garvey et al., 2013@ NZ COPD is estimated to affect 14% of adults over 40
years of agéTelfar et al., 2015b)ndigenous groups (includirgn 2iNRZ, ethnic
minority groups and people from socioeconomically deprived areas are
disproportionally affected by COPD, with higher prevalence and increased rates of

hospitalisation and mortalityTelfar et al., 2015b)

Burden

Chronic respiratory diseasese associated with significant burden on healthcare

systens (Milne & Beasley, 2015Additionally,there is dargesymptom burden for

people who are living with a CR®homayexperience 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 depressioffelker et al., 2001)WhilstCRDsre not curable, treatment

can relieve symptoms and improtgl G A Sy (. Ode nonphar@dcological

treatment which has shown to reduce the burden associated with CRDsedunde

hospitalisations i®R(McCarthy et al., 2015; Puhan et al., 2016)



1.2.2 Pulmonary Rehabilitation

PR is an evidendeased, multidisciplinary intervention which is a key component in
the management of people with CRMak et al., 2017)PR is a formalised, structured
programme which includes exercise training, education;msealiagementand
behaviour changéMartijn A Spruit et al., 2013pPRis usually delivered in group
sessions which occur twice per week over a six to eight week pgklsibn et al.,
2017)and is normally delivered and supervised by a team of heattprofessionals
(Alison et al., 2017WhilstPRprogramme vere initially designed for people living with
COPDPRhasbeenshown to be effective for other chronic respiratory conditions
includinglLD(Dowman et al., 2021 )bronchiectasi¢Lee et al., 2021; Lee et al., 2017)
asthma(Osadnik et al., 2022nd more recently in people recovering from COYD
(Spruit et al., 2020A meta-analysis of 65 randomised control trishsestigating PR
clearly demonstrated it can reduce breathlessness, improve HRQoL and reduce
hospital admissions for exacerbations of CQMECarthy et al., 2015 linical
guidelines strongly recommend referral to PR for all patients with @&y et al.,
2017) and this has been extended to peoptdlowing hospital admissionsith an
exacerbation of COP®uhan et al., 2016)

Despite the compelling evidence regarding the effectiverné$2R the reach ofPR
programmes is pogwith low referral, uptake and completion of PRochester et al.,
2015) The REAIM framework provides a useful tool to evaludbe impact and
sustainability ohealth interventiondby examinindive dimensiongKwan et al., 2019)
Reach is the first dimension of the-RBV framework and can be defined as the
number,percentageand representation of eligible patients who participatetlie
intervention (Forman et al., 2017Reach can be broken down further access,
uptake and completiontheseterms are often used interchangeabtythe PR
evidenceand in the clinical environmentand are useful for consideration different
challengesvhen considering the reach of PRolland et al (2021) provides useful
definitions for these terms in the context of PdRown inTablel, andthese termswill

be used throughout this thesis.



Tablel
Key concepts and definitiof pulmonary rehabilitationaccessuptake,and

completion(Holland et al., 2021)

Definition Potential metrics
Access Are eligible patients Number of programmavailable per
offered a PR geographical area/population.
programme? Percentage of eligible patients who are
referred.
Uptake Do patients take up the Percentage of referred patients who atten:

offer of rehabilitation? a PR assessment.
Percentage of referred patients who atten
at least one session
Completion Do patients finish the Percentage of patists attending 70% of
rehabilitation sessions.

programme? Percentage of patients attending a
discharge assessment.

1.2.3 Barriers to Pulmonary Rehabilitation

Accesdo PulmonaryRehabilitation

Data from international studies has showatent referral ratesand access PR vary
A large UK ational audit of asthma and COPRBbgrammes explored rates of referral
to PR and found thatnly 15% of those eligible were referred to PReiner et al.,
2015a) A 2015 surveyni Canadafoundrates of acces® PR to be onl9.4% of the
COPD poputan (Camp et al., 2015andin the USAates ofbetween 2.6% 3.7% of
the COPD population haeecess to PReportedy due to uneven distribution of PR
programmes across the countf(iloscovice et al., 2019%imilar to the USn Australia,
PR programmes are disproportionately distribuiadarge metropolitan areas3@%)
and access to PR is estimated to be betweer 8% of the population with COPD
(Johnston et al., 20117 NZ surveyni2009 found thabonly 2% of the COPD population
had access to PfRevack et al., 2012althoughit is thoughtthis may vary across

individual regiongDummer et al., 2020)

Uptakeandcompletion
Therate of uptake and comption of PR both nationally and internationally redsown

between30¢50% of those who are referredb not complete PRYohannes & Connolly,



2004) UK audit datdnasreveded an uptake rate of 59¢Gteiner et al., 2015aand

likewise a NZ centre reported uptake rate of 63% of those referred (&BRly et al.,
2020a) The same NZ studgported 38% ofreferred participantswent on tocomplete
PR(Candy et al., 2020a)he easondor low uptake and completioare complex and

can be linked to patient related factors or organisatioaadi system factors.

Patient related factors

Transport and travel
A commorbarrier to PR ipatientaccess tdransport and travebptions. This barrier is

multifactorial andpotentially interrelatedto other factors suchassocieeconomic
status, geographical location and severity of diseaseh ofwhich may also limit
access to PM®istance andravel involved with attending Pliave beeninvestigated
anddistances of greater than 36 mis(58kms)or 30 minutes travel time has been

found to be related to norcompletion(Fan et al., 2008)

The mode of transporavailable to patientsnay bring about different challenges for
attendingPR A study investigatinghe reasons why people declined particifmm in PR
researchreported aninability to travel independentlyan inabilityto manage public
transport,or the inaccessibility of car parkirtg be influential factorgTaylor et al.,
2007)

Many PR services are operated from langetropolitancentres and access to PR in
remote and rural centres can be limitéBummer et al., 2020; Moscovice et al., 2Q19)
thus travel from rural or remote areas may impact upon the reach offRR.is
important as a higher prevalen@and greater burderof COPMilne & Beasley, 2015;
Terry et al., 2019 as been reported in rural areg@8nsari et al., 2007; Raju et al.,
2019) Many challenges exist to setting up and delivering PR in remote setings.
remote and rural communitiethere are less specialiservices and lower numbers of
health care professionals making the challenge of establishingreaictaining

provision of specialy services difficultAn international comparison of PR serviaes
seven countrieshowedthe majority ofPRservices werdased at large metropolitan

hospitak (Desveaux et al., 2015)



Ethnicity

Ethnicityhasbeen shown to impact PR access and uptake in many countries. In the
USA participants PRprogrammesare more likely to be nolispanic whitgSpitzer

et al., 2019pandin the UK 82.5% of participantge dWhite Britist€ (Steiner et al.,
2015a) A NZ study found ethnicity was a predictdrcompletion of PR witla n 2 axid\
Pacific people being less likely to complé@andyet al., 2020a)It maybe that the

type (cohort or blockland locationof the PRorogrammeimpacts participationone
studycompaedthe experiences of participants in a mainstream hospital outpatient
service led by noindigenous health care professionals, tmarae(a n 2 mkkting
house)based programme led by n 2, féda n 2 (Nvack et al., 2016Results showed
while many of the same barriers exist to attending ffgardless of ethnicity, for

a n 2, Adilitionalimportant cultural factors influenced theparticipationin PR.

Additional patient related factors

Other patient factorgelated to loweraccess, uptake and completiof PRincluded
sociceconomic statusone study showethose from more deprived aredsave
significantlyreducedodds of participating in PR (OR 0@.89)(Spitzer et al., 2019)
Living situation and marital status halsobeen 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 divorcéleating et al., 2011and people living alone
being less likely to complete than those with social suppéadung et al., 1999)
Likewise people who are current smokers (OR 0.3, 95%-019).dr suffering
depression are less likely to complete PR (OR for completion®b%&;10.34¢ 0.87)
(Keating et al., 2011)

Organisation factors

Several organisationdhctorshave beerfoundto be associated witlPRuptake and
completion.Thestructure of the programméas been shown to impact completion
with cohort programmeg(all participantsstarting and finishing at the same time)
having better completion rates than rollifmyogrammeswhich is attributed to the
social connections and support of pe¢8teiner et al., 2015bConversely¢cohort
programmesnay meandnger wait times before commenement of PR, antbnger
wait timeshave beerfound to be associatedith lower completionrates(Steiner et

al., 2015b) This suggests services should consider the needs of their population when
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designing their PR servicé&3ther organisational factors impacting the reach of PR
include the inclusion criteria of PR programmes and the hours of operatiatis
many services only operating during work hours, restrictingooyst for people who are
working(Candy et al., 2022; Johnston et al., 2011)

1.3 Emerging models for PR

To address the@oorreachof PR, the American Thoracic Society (ATS) and European
WSALIANI G2NE {20ASG@& 69w{0 LlzoftAaKSR | t 21
LYLX SYSyGFrGA2yT !aS YR 5StAOBSNE 2F t dzf Y
novel pulmonary rehabtktion program models thatnake PR more accessible and
acceptable to patients and those who reter, or pay for, servicesThis, in conjunction with

the recent COVH29 pandemic has seen the rapid development of new models of PR and in
particularthe introductionof technologyto deliver PRTelerehabilitation the delivery of
rehabilitation services using information and communication techno(&gyry et al., 2009)

has the potential taovercomesome of the barriers identifietb uptake and completion of
PRand studies investigating telerehabilitation have become more frequent over the last ten
years.To date, elerehabiitation programmes have been delivered using telephone calls,
videoconferencing (VC) facilities amibbile andweb-based application@pps)or a

combination of theseForthis thesis the different models for telerehabilitation delivered in
the home will bedefinedas foundin Table2. In practise there is often overlap between the
models with more than one model being utilised (e.g, viielsed models using text

messaging and/or telephone calls).

Table2

Emerging models dtlerehabilitation in PR

Model Description
O Telephone PR delivered through the telephone, including
telephone calls and text messaging.
% Video conferencing Supervisedndividual orgroup PRdelivered in the
(o) home usingrideoconferencing facilities
Web-based models Computer @ phonebasedinterventions(mobile
and webbased applicationg)ffering unsupervised,
asynchronou$R

Note. PR = Pulmonary Rehabilitation



Cox et al(2021) recently completed systematic reviewvhich showedelerehabilitation
can achieve equivalent clinical outcomes to ceriesed PR with nadditionalsafety
concerngCox et al. 2021Yheauthors acknowledge a low number of studies in the review,

with heterogeneougprogramme modelsmaking the conclusions somewhat guarded.

1.3.1 mHealth as a potential solutiada 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 tabMbbile phones are becoming increasingly
ubiquitous Reports suggest there anmore mobile phone connections than people in
New Zealangwith 121 active mobile connections per 1p6pulation(Commerce
Commission, 2018 rangeof delivery modalities for P&an beutilizedthrough a

mobile device such as text messaging, video messaging, mobile internet, apps and
wearablesensors. mHealtis adevelopingfield which has been shown to enhance the
management of other chronic health conditions through providing support,
monitoring,and selfmanagement strategieobson et al., 2018; Pfaeffli Dale et al.,
2016; Whittaker et al., 2016jnHealthmay offer opportunities to increase the reach of
PR without compromising safety or clinical efficaog mayallow current barriers to
centre-based PR to be overconmroviding access tandividually tailoredPR almost

anywhere, anytimewith on-going support and motivatian

The use of mHealth in the management of CRD has been explored with programmes
for monitoring symptomgCruz et al., 2014providing seHmanagement supportFree
et al., 2013; Korpershoek et al., 20E8)d promoting physical activifipemeyer et al.,
2017; Liu et al., 2008; Tabak et al., 20Thyee studieshave tesed and evaluated BR
programme delivered via mHehltwith two using anobile app(Bourne et al., 2017,
Park et al., 2020@ndthe othera webbased apdChaplin et al., 2017Jwo of these
mHealth PR programmes delivered all the essential components @Hplin et al.,
2017; Park et al., 20206)hese studies only included people living with COPD and
those who had access and competency with internet and mobile phone apps,
therefore did not represnt all the population who malgenefit from PRAIl studies
used exercise capacity biRQolas primary outcome measus@nd reportedclinical
improvementswhich wereequivalent withcentre-based PRdowever,adherence and
completionof mHealth deliveed PReporteda gradual decline in usage frdogging

into the programme3.9timesin week one to2.5times inweek sixBourne et al.,



2017; Chaplin et al., 201,8nd alarge number oparticipants failing to complete
(Chaplin et al., 2017Yhis norcompletion wasattributed to the time commitment,

technology difficultiesand exacerbation of illnessr comorbidities.

To date,it appeas that whilstcentre-based PR is effectiyéhe reach of these
programmesappearssub-optimal. Telerehabilitation provides a potential solution
which hasbeenshown to be safand likely as effectiv€Cox, McDonald, Hill, et al.,
2018)as centrebased PR,dwever, not much is known abibthe uptake of
telerehabilitation in the clinical setting @amplementation of these models, particularly
in NZ. Thus, in ordép attempt to improve the uptake and completion of RRNZ we

aim to develop ammHealthPRprogramme 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 endisers needs and preferences is essential to

developing a ptient-centred intervention,

3. Reviewingthe literature in conjunction witformative research intend-

dzda SNR& LISNRBRLISOG A @S b inkrim th¥ cofdnfofittic RSt A §S |
intervention.

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

To investigate if amHealth intervention can increase uptake and completion offPR
NZ,a preferencebasedresearchmethodologyhasbeen used. Adherence and
completion of PRnaybe influenced by group allocation in a randomised controlled
trial, with some participants not physically able to access a cdrdased programme

or not havngthe skills or interest imHealth.In therealworld clinical setting
participants would choosén consultation with health care professionalhich

delivery method (mHe#h or centrebased)to best meet their needs andesting the
mPRinterventionusingthis design allowimportant information on patient
preferencesuptake,completion, and ultimately, if providing mHealth as an alternative

delivery method to centrdasedto improve the reach of PR.
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Chapter 2 Characteristics of pulmonargtrabilitation programmes in

NewZealandA survey of practise prior to and during CG1AD

2.1 Prelude to manuscrip

Developing arunderstanding of how PRrogrammes werdeing delivered across NZ
wasimportant as thebackground worlprior to developing any other delivery methods
for application inthe NZ contextThe 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 hetito form an understanding of the
baseline oPRservicesn NZ andnform the development of alternative PR delivery
options Developing a understanding of the current servicesoprdedinformation on
factors influencing the reactf PR in addition to how we coulniild on current service

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

The aim of this studwasto 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 wasundertaker?

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

was conducted i2019to establish a baseline of what PR services were provided

across the country. The survey was administered as an online survey usi@gpRED

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

in response to COWVAID restrictionswhich lent the opportunity for @ecad survey
(undertakenin 2020with the same populatiopto determinehow services had

responded to the paneimic and how service provision had changed.

11



2.1.3 Publicatiorcitation

Candy, S., Reeve, J., Dobson, R., & Taylor, D. (2022). Characteristics of pulmonary
rehabilitation programmes ihNew Zealand: A survey of practice prior to and during

COVIBEL9. The New Zealand Medical Journal (Onli8)1550), 1325. Retrieved

https://journal.nzma.org.nz/journahrticles/characteristic®f-pulmonary

rehabilitation-programmesin-new-zealanda-surveyof-practiceprior-to-and-during-

covid-19-openaccess

2.1.4 Contribution bythe candidate

The candidate led the design of the stualydthe development of the survey tools,
with guidance from her supervisors. The candidate obtained ethics approval, complete
the data collection and data analysiEhe candidate wrote the manuscript with input

and feedback from her supervisaaad coeauthors.

2.1.5 Supportingdbocuments

Supporting documents associated with thlspter can be found in Appendicasd
include ethical approval for each survey, participant information and consent forms,

copy of advertisements and survey questions.
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2.2 Abstract

Background:

Pulmonary rehabilitation (PR) is a core component in the management of symptoms
for peopleliving with chronic lung diseasAccess to PR is a barrier for many people
resulting in low uptake and completioBifferences exist in the structurerganisation,
and content of PR services both nationally and internationBligueloping 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 C@\MMbckdown in NZ in March 2020,
shortly after completion of the initial survey, enabled a follaw survey to determia

how services had adapted in response to the global pandemic.

Methods:

A crosssectional observational design using two sequential purpose designed online

surveys administered before (Survey 1) and after CaQ¥lDckdowns (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 mdisciplinary team of healtprofessionalsand included
participants with a range of chronic respiratory conditioAl.programmes completed

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

included exercise and education. Survey 2 showed that during level 4 and level 3
COVIEL9 restrictions in NZ, 11 (40.7%) of services paused PR programmes, with 16
(59%) adapting the service to piide homebased rehabilitation via telephone or

teleconference facilities.

ConclusionPR programmes in NZ report following Australian and New Zealand PR best
practice guidelines and are homogenous in content and structure, but GO¥ID
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 evideth@sed, multidisciplinary intervention

which is a key component in the management of people living with a chronic
respiratory disease, including COAlison et al., 2017PR is a formalised, highly
structured programme which includes exercise,-se#fnagement, education, and
behaviour change support with health professional supervision. PR has been clearly
demonstrated to improve breathlessness; health related qualityf@f{HRQoL) and
reduces hospital admissions for exacerbations of CQB{dolette et al., 2008;

McCarthy et al., 2015 linical guidelines strongly recommend the uptake of PR by all
people with COPD, patrticularly following hospital admiss{@fison 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 prograr(@@andy et al.,

2020a; Levack et al., 201Reasons for low attendance and adherence include
transportation difficulties, lack of perceived benefit, depression, and the interruption
G2 GKS LI GA Sy Qaiget & 202D GulR Brick, Y0341 Harrison et al.,
2015; Keating et al., 2011)

The structure and organisation of PR services has been shown to influence attendance
and completion rate¢Stone et al., 2021 S5everal international PR programme surveys

have been published inrecentyedrs | YL SG |t ®X wnampT W2KYal
et al., 2008; Sundh et al., 20which 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 developuarderstanding of what PR service
provision looks like across NZ, and how this complied with best peagtiidelines. The
initial survey (Survey 1) sought to describe the characteristics, organissitiooture,

and content of PR programmes across NZ. In March and August 2020, the global
COVIBL9 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 popuktion. Therefore, a second survey (Survewa$ conducted following the

Level 4 and Level 3 COMIDrestrictions in NZ, to: (1) Determine the impact of COVID

14



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 Studydesign

A crosssectional observational design, including two sequential purpose designed
surveys administered online, was utilised. Ethics approval was granted from Auckland
University of Technology Ethics Committee (AUDBQ@)L/5/2019,and an amendment
was granted for Survey 2 @1/08/2020. 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 fay S&leFigure2.

Figure2

PR Services must include the following:

1. Programme delivered by exerciplysiologist or
physiotherapist

Minimum six weeks duration

Include functional assessment (e.g., 6MWT)
4. Include a measure of ladth related quality of life

w N

For Survey 1, programmes were requirecheve 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 KD, afRj

DT. The survey was uploaded to R&software for administrationThe survey was
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designed to represent the NZ context. Questions wazeeloped basedn other PR
surveys conducted internationally/ I YL SO | f ®X HamMpT W2Kyad:;
al., 2008; Spruit et al., 2014nhd adapted to the NLontext,which included questions
specific to theNZ structureof district health boards, the health care professionals
delivering PR in NZ and the different cultural groups seen irsslzbndly, taking
knowledge already known about PR programmes in NZ from prestadges(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 as 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 emdinators were sent an email invitation to participate,
outlining the aims of the survey along with a participant information shie¢erested
participants were asked to return a written consent form via email prior to being sent
the online survey link via the RE&P. 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 DataAnalysis

All data provided was delentified and analysed by aggregatighnsimpledescriptive
statistical analysis was completeébhe qualitative data collated from open ended
guestions were analysed using a simple general inductive thematic approach to

identify common themes and meanings from thata(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 criteriaThirty-nine survey links were sent out and 38 responses received.

Two services duplicated their responses which were checked forrater 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%) respodedto Survey. Response rates candeen inFigure3. Respondentto

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

physiologists (n=2; 5%).
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Figure3
Flow chart of participats throughSurvey 1 and Survey 2.

41 potential participants identified
and contacted

Did not meet inclusion

criteria
n=>2

Survey 1 link sent n = 39

n=1
Duplicate responses
n=2

l Did not respond

Survey 1 Responses n = 36

Invited to complete Survey 2
n=36

Did not respond
n=9

Survey 2 Responses n = 27

2.4.2 GeographicaDistribution

NZis 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 IslaBd &Y. 2 was
completed by; 19 (70.3%) PR services in NI, five (18.5%) Sl, with three responses
(11.1%) not stipulating their region.

2.4.3 Programmesetting

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 Table3. Of note four services (10.8%) offered home based

rehabilitation prior to COVHQ9 restrictions in Survey 1.

Table3

Pulmonary Rehabilitatiorogramme setting (n=36)

Setting n (%)

Hospital Outpatient 19 (52.7)
Community venue 15 (41.6)
Home based 4 (11.1)
Hospital inpatient 1 (2.7)
Church 3 (8.3)
Private facilities 3 (8.3)
Marae 2 (5.5)
Water based programme 1 2.7)
Telerehabilitation 0 (0.0)

Note. n= sample size

2.4.4 Programmeorganisation

The programmes surveyed reported delivery by a mificiplinary 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 ardisted inTable4. Themajority of programmes were funded by the public
health services26 (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 selfunded by participants and one service (2.8%) was funded by a
combination of sefunding/inaurance. Referrals to the PR services came from a
variety of health care professiongldCP)seeTable5). Sixteerservices (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 basssrvice audit

had never been completed by n=16 (44.4%) of respondents.
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Table4

Disciplines directly involved in the delivery of PR

Health Caréd°rofession n (%)
Physiotherapist 32 (88.8)
Nurse 29 (80.5)
Dietician 21 (58.3)
Occupational Therapist 15 (41.7)
Health Care Assistant 15 (41.7)
Health psychologist 10 (27.8)
Peer Support / volunteer 7 (19.4)
Social worker 7 (19.4)
Pharmacist 6 (16.6)
Exercise Physiologist 5 (13.8)
Doctor (primary or secondary care) 5 (13.8)
Other * 3 (8.3

Note. *Other includedsmoke freespecialists and green prescription providers

2.4.5 Programmestructure

PR programmes were mostly eight weeks in duration and predominantly utilised
group-basedexercise 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. Tvieumty
(66.7%) respondestreported having a waitlist to start the programme, with eight
(22.2%) reporting the wait time for PRie 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 ProgrammeContent

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 qality of lifewith the different measures used shownTiableb.
Programmes included patients with a range of chronic respiratory conditions, see

Table5. Only one programmn (2.7%) offered mukimorbidity rehabilitation
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programme (.e.,included participants living with muthorbid longterm health

conditions).

Tableb

Structure anctontentof NZ PR programmes (n=36).

n (%)
Programme format:
Block programme 25 (69.4)
Rolling programme 10 (27.8)
Other (mixed n=1, individualised n = 1) 1 (2.8)
Programme Component
Exercise, group education 33 (91.6)
Exercise, individual education 2 (5.5
Other 1 (2.7
Referrals from:
Respiratory physician 34 (94.4)
General Practitioner (GP) 33 (91.6)
Physiotherapist 31 (86.1)
Nurse 31 (86.1)
Other physician 23 (63.8)
Other health care professional 18 (50.0)
Selfreferral 12 (33.3)
Other 1 (2.7
Participant diagnosis:
COPD 36 (100)
Interstitial lung disease 34 (94.4)
Bronchiectasis 33 (91.6)
Asthma 26 (72.2)
Post thoracic surgery 23 (63.8)
Lung cancer 19 (52.7)
Prehabilitation 18 (50.0)
Obstructive sleep apnoea 14 (28.8)
Cystic fibrosis 1 (2.8
Breathing pattern disorders 1 (2.8)
Programme length:
< 8 weeks 1 (2.8
8 weeks 25 (69.4)
> 8 weeks 10 (27.8
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n (%)

Exercise test:

6MWT 30 (83.3)
1 min STS 8 (22.2)
5rep STS 6 (16.6)
ISWT 3 (8.3
Other(30sec sit to stand2-minute step test, CPET) 3 (8.3
Health related quality of life measure:
CAT 24 (66.6)
CRDQ 7 (19.4)
SGRQ 5 (13.8)
CCQ 3 (8.3
SF36 2 (5.5
Other (Leischer cough (2), LINQ, HADS1), WHOQOL 1), EQ5D (9) 7 (19.49)
None 1 (2.7

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

STS: five repetition sit to stand; ISWT: incremental shuttle walk test; CAT: COPD AssessieRDR:
chronic respiratory disease questionnaire; SGR@estrgequestionnaire; 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%) repontiadsing

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%),randion 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 cenbased programmesiaappointment
reminders through email (n=16; 44%) and/or text messaging (n=22; 61.6%).
Technology was also used for delivering-ssdinagement education (n=13; 366) in

the form of videos and power point presentations.

2.4.7 Survey Two

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

programmes completely during the COMI® associated lockdowns (NZ level 3 and 4
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restrictions). In the programmes that continued to operate during CEMID

restrictions, the telephone was the most frequent modality used for completing PR
assessments, delivering exercise prescription, andnsatfagement education. Some
respondents utiked 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 @9VID
lockdowns ishown inTable6. Tenservices (37.0%) reported that following COY®D
restrictions being lifted, they planned to recommence services with the addition of
telerehabilitationoptions for participants, whereas five services (18.5%) reporting
likely resuming the same services as prior to C&Ibckdowns. Twelve services

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

Table6
Delivery of BImonaryRehabilitationduring COVIEL9 restrictions (n=27).

Component of PR Delivery modality n (%)
Assessment Did not complete assessment duriltgkdown 16 (59.2)
Telephone 9 (333
Video conference 1 (3.7)
Exercise Prescription + Telephone 15 (55.5)
progression Video Conference 7 (25.9)
Paper 7 (25.9)
Email 5 (18.5)
Mobile Apps 2 (7.4)
Home booklet 1 (3.7)
Not described 1 (3.7)
Selfmanagement Telephone 11 (40.7)
education Paper 8 (29.6)
Video conference 6 (22.2)
Email 6 (22.2)
Text messaging 3 (11.1)
Mobile Apps 3 (11.1)
Other (veb-basedresources) 1 (3.7)

Respondents were asked to describe the most significant barrier when trying to deliver
PR during COVK19 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 restrictions. Twentpne (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 COVHD9 restrictions areshown inTable7.

Table7
wSa2dz2NOSQa NBaLRyRSyda NBLR2NISR é62dZ R 6S KSf

Resources n (%)

NZ specific exercise and education videos 19 (70.3)
Televised PR programme 17 (62.9)
Nationaltelerehabilitation service 13 (48.1)
Text messaging programme 11 (40.7)
Mobile PR App 10 (37.0)

Other ¢ written material which could be supported with telephone calls. 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 gLexack

et al., 2012) Importantly, the study offered an opportunity to examine the impact of
COVIEL9 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 setice 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, wittmostprogrammes including people across a range of chronic
respiratory conditions. The content of PR programmes was also consistent across the
regions and, importantly, mirrors best pramiguidelinegAlison et al., 2017; Bolton et
al., 2013) The British Thoracic Society (BTS) PR guidé¢Boésn 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 serlieesloping a
framework for a @ational audit programme similar to the UK program(&einer et al.,
2015b)may assist smaller services to meet this recommendation and provide valuable

information on service provision across NZ.

Provision of evidencbased PR is only part of the picture. Ensuring participants attend
and complete the intervention is challengi{@andy et al., 2020afontributing factors
have previously been identified that relate to both patient characteristics and how the
service is deliverefCandy et al., 2020a; Cox et al., 2017; Harrison et al., 2015; Keating
et al., 2011; Stone et al., 202The 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 communggttings; currentiys2.7% of PR
programmes are in hospital outpatient clinics compared to 71% in A08&&ack et al.,
2012) NZ has one of the highest ratesasfmmunity-basedprogrammes in the world
following Ireland, where 65% of programmes are in community ve(lDesveaux 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 commun#yased services in NZ is an important
initiative to make programmes more accessible to participants and overcome barriers
associated with travel and transpoith 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 impartaredictor of noncompletion of PR
(Candy et al., 2020a; Steiner et al., 201&@&]) strategies which have been shown to
assist with engagemenmcludethe setting for PRLevack et al., 2016; Meharg et al.,
2020) the staff delivering rehabilitation servic@damilton et al., 2016; Levack et al.,
2016)the use of interpretergJacobs et al., 2001$urvey 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 impved completion rateg¢Stone et al., 2021hey can also be
associated with a longer waiting time to start PR. Waiting time to commencement of
PR is reported as a predictor of uptalddarks, 2013yith people waiting longer than

90 days being less likely to complete (Bfone et al., 2021)he 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 hosfftahan et al.,
2016) Survey 1 found that there were waiting lists for most PR services in NZ, which
increased following the COVI 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 Huased rehabilitation

was low.Clinical guidelines recommend home based PR, with regular contact, should
be offered as an alternative toospitatbasedPR(Alison et al., 2017however it is
estimated that this is offered in less than 5% of centres worldy&j&uit et al., 2014)
with Survey 1 echoing this finding in NZ. Emerging models to supporé-based
rehabilitation have been trialled internationally, including telephone supgiddiland

et al., 2017)videoconferencingStickland et al., 2011; Tsai et al., 2047) web and
mobile-based applicationtBourne et al., 2017; Chaplin et al., 2017; Park et al., 2020a;
Whittaker et al., 2021and have shown promising results. For the purposes of these
surveys, home based rehabilitation was defined as PR delivered within the

LI NOAOALI yiQa K2YSI SgAGK 2N gA0K2dzi & dzLJS|
delivering PR at a distance usingprmation and communication technolog¢ox,
McDonald, Hill, et al., 2018%urvey 1 found four services in NZ were usioge-
basedrehabilitation but no services in NZ were using telerehabilitation as a mode of

delivery forhome-basedPR services prior to COVID emerging in NZ.

2.5.2 Impact of COVID 19 restrictions ondeRvices

Survey 2 showed the challenge of accessing PR services was intensified with the
implementation of national restrictions in response to the CO@pandemic. During

this time, centrebased programmes were suspended, and delivery of PR services

26



needed to be taken to the participant in new and novel ways. Considering the low
number of services offering hordeased 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 homebased 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 he 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
technologybased PR programm@®obson et al., 2019Previous reports in NZ have
shown digital exclusion can occur across all age demographicsgarticularly

LINS @I f Syd Ay an ABufeaul 202Rvheré Iveradcess thIBR2 LX S
programmes and poorer outcomes from chronic respiratory conditions are Sesfar

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 P&pitzer et al., 2019nd reduced rates of

completing PRCandy et al., 2020a; Steiner et al., 2012a) Australian survey
investigated computer and internet access in patients admitted to hospital with COPD
in an area of higlpoverty andfound only 16% of patients had computer and 14% had
internet accesg¢Granger et al., 2018}t 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 assistedthe
continuing to deliver PR services during the lockdown period. There are currently no
evidencebased guidelines for alternative delivery methods of PR to guide clinicians.
The development of NZ tailored and robustly tested resources for alternativeodst

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
unabk to determine capacity of PR programmes across NZ, nor estimate the uptake of
PR services fqgreople with COPD. Neither did this survey aim to look at discrepancies
regarding availability of PR services across different commurgtilesicities,or socie
economic statusWe realise this may influence the uptake and adherence to PR and
warrants further investigationn 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-C®DNtRdown
restrictions. The surveys highlighted several factors which limit widespread access to
PR servicein 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.

COVIBEL9 restrictions imposed in 2020 provided an unprecedented opportunity to
compare howservicesnitiated adaptations to the pandemic in NZ. Our surveys
demonstrated that the number of homkased PR services tripled during COY8D
restrictions, and how teleehabilitation programmes emerged around the country as a
result. This demonstrates different modelsRR 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 needo 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

28



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

effective is essential.

End of published paper

2.10 ChapterSummary

The data collected from the National surveys provides valuable information for the
development of an mHealth programme. Prior to ©©®VIBL9restrictions

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 telerehabilitatiservices were not able

to provide all the essential components of PR, particularly the components of
assessrant 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 142the programmeseported longer

waiting times, reinforcing the need for increasing service provision of PR.
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Chapter 3 Factors which influence patrticipation in telerehabilitatipA scoping

review of the literature

3.1 Prelude tomanuscript

A scoping review of the literature was undertakendentify the factors which influence
participation in remotely delivered PRhis literature review aims to identifyarticipant
perceivedbarriers and enabler® undertaking remotely delivered PR programmeékis

addresses the second reseamibjective ofthisthesis:
To identifyfactors which influence patient participation in telerehabilitation

3.1.1 Contribution bythe candidate

The candidatewith & dzLJS NJguidanzed&veéloped the objective of the scoping review
The candidate designed andructedthe reviewincluding generating criteriand
conducting the searchlrhe candidate completed the data extraction and analysis
formulated theresults,and wrote thechapterwith & dzLJS NJuidan2eNk Q

Supporting documents
Supporting documents for this cpter are contained in Appendircludingthe study

protocol, search strategy used for the reviedata extraction tableand PRISMA checklist.

Publication
This manuscripis to be published in the November issueloé New Zealand Journal of

Physiotherapy
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3.2 Abstract
Aim

This scoping revieaims to investigate thevidence relatigto factorsthat influencepatient

uptake andparticipation inremotely deliverecoulmonary rehabilitation (PR)

Introduction

Pulmonary Rehabilitation (PR a highvalue intervention for people living with a chronic
respiratory disease. Uptake and completiorPiremains 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 cebtreed PR,

little is known about the barrierto participation in telerehabilitation to date. This scoping
review aims to better understand the factors that ir¢lice perception of and participation

in telerehabilitation for people living with a chronic respiratory disease.

Methods:
Scopus, MEDLINE, and CINAHL were searched from Julj@7etmber 23, 2022Articles
were screened, and those fulfilling inclusion criteria were extracted to a standard template.

Extracted data wre analysed using narrative synthesis.

Results

Twenty severstudies met the inclusion criteri®eople 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 particited 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, tekehabilitation, mHealth, chronieespiratory disorders, barriers,

uptake, participation perspectives
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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)ptake and completion of PR worldwide is low with®)% of those
referred never attending. Of those who do start PR;3296 do not complete the

intervention (Keating et al., 2011Barriers to attendance and completion have been widely
investigated and include transport and tra€han et al., 2008s0cioeconomi¢Johnston &
Williams, 2017) marital and social staty¥ oung et al., 1999)nd ethnicity(Candy et al.,

2020b; Spitzer et al., 202MR delivered remotely through technology has been propdsed

improve access to ca@nd may reduce the burden of attending centrased programmes

Thereare manydifferent modelsfor deliveringpulmonarytelerehabilitation including

telephone, video conferencing and mobile/wdlased application@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., 201,/3ome of which are synchronous (real time) and some asynchronous.
Agrowing body of evidence evaluates some of these different models, includeagat
Cochrane review by Cox et al. (202¢hich has shown that these telerehabilitation
interventions are likely to be as safe and effective as traditional cdrased PRhowever,

the small number of studies, low sample sizes and methodological heterogeneity ma&e this
cautiousconclusionCox et al., 2021 Whilsttelerehabilitationinterventions have shown
promising results, this form of PR has yet to be widely implemented in clinical practise in NZ
(Candy et al., 2022%ptudies involving telerehabilitation have reported challenges in

recruiting participants as high numbers decline due, reportedly, to an intervention
preferencefor in person PRHolland 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,ewconducted 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 werglentified. 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 uptakethe perception of, angbarticipation in remotely dlivered PR, a range of
information sources were determined to be required. Scoping reviews allow consideration of
a range of research evidence, including qualitative and-cloncal trial data, and allows
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summation of all existing datdhis scoping review aimed to explore the factors impacting

participation in PRelerehabilitation

3.3.1 Review question
Thescoping review will address thregiestionsfrom available literature

1. What factors influene the uptake ofPR delivered vitelerehabilitation?
2. What are patient perceptions towards telerehabilitatidn

3. What were patien@ @xperiences of participating in telerehabilitation?

3.4 Methods

The scoping review follows the steps detailed in the Joanna Briggs Institute manual for
conductingscoping reviewsTricco et al., 2018A protocol was developed prior to
undertaking the reviewsee Appendi¥). An experienced librariagaveguidance orthe

search strategy.
Eligbility criteria

Due to the contemporary nature of telerehabilitation interventiosgjdies publishd from

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

Participants
Adults (>18/ears) living with £RDwho are eligible for referral to PRaccording to
Australian and NZ PR Guidelirfafison et al., 2017)ncluding: COPD, ILD, asthma,

bronchiectasis, pre and post lung surgery.

Concept

StudiesinvolvingPR(as defined by the American Thoracic Society (ATS)/European
Respiratory Society (ER@artijn A. Spruit et al., 2013)emotelydeliveredin the homevia
technology {elerehabilitation).The technology includes but is not limitemtelephone,

video conferencing (VC) ameeb-based interventions.
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Context
What factors impact willingness to participate in hoim&sedtelerehabilitation.Perceptions

toward participation ad end-user experiencevere included.

Types of Sources

This scoping review includepiantitative, qualitative studies and mixed method desgn
Grey literature was also includedhd search strategy aimed to locate both published and

unpublished studies.

3.4.1 Search strategy

An initialsearch of MEDLINE was undertaken to idergdtential keywords for the full
search strategyThekeywords contained in the titles ahabstracts opotentiallyrelevant
studieswere used to develop a full search strategy for Scopus, MERIKGWNENAH. The
search strategwas adapted for each included databgseeAppendixi). The reference list
of all included sources of evidence was screene@ifyradditional studiesiot identified by

the initial search.
Screening, data extracti@ndsynthesis

All identified citations were uploaded intendNote 20.4nd duplicates removed. Titléand
abstracts where available) were screenku assessment against the inclusion critdsathe
primary author All relevant sources were retrievedfinl, and their citation details imported
into excel. The full text of selected citatiowsisassessed tdetermineif they met the

inclusion criteria.

Data vere extracted fromthe papersultimatelyincluded in the scoping review using a
standarddata extracion tool (Pollock et al., 2023yhich included author, date, country,
study design, participant characteristics, PR concept, and outcomes of inteetatvas

analysed in alignment with the research questions

1. rates of uptake ofelerehabilitationin studies
2. the patient perception otelerehabilitation(including willingness to participate

3. the patient experiencef participating intelerehabilitation
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Quantitative and quktative data syntheses were dertaken.The quantitative data
includedcounts of studies reporting uptake cdmote PRThe number of participants

declining participation was converted to rates and percentagad wherepossible counts

of reasons for declining across the studies warated.Qualitative analysis included
descriptions of studies and delivery methods usBldemes relating to barriers and enablers
derived from the qualitative studies have been reported through narratiwghesigLisy &

Porritt, 2016) Data was first analysed by organising the studies based on the research
guestion 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 reread 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 ovgredyand

reported as barriers and enablers to participation.

Results

Theinitial search yielded a total agf90potentiallyrelevant papers. Whenuplicaes were
removed and titlesabstracts screenedB9full papers were retrieved, of whicl7 were
included in the final analysié.flow chartdetailing the flowof included and excluded studies

can beseen inFigure4.
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Figured

Flow Diagram of studies included in scoping review

Initial database search (n = 490)
MEDLINE (n =229) Additional sources
Scopus (n =175) (n=1)
CINAHL (n = 86)

Records after duplicates removed

(n=318)
Records screened (n = 318) Records excluded (n = 279)
Full text articles assessed for eligibility Full text articles excluded (n=12)
(n=39) Not PR

Not patient perspective
Not Telehealth

‘ Articles included in the synthesis (n = 27)

Includedstudies

The review include@7 studiesinvolving2094 participantswith sample sizes ranging from 10
¢ 254.The mearageof participantsin the studies ranged from 54 to 73 years1da48% of

the participantsacross all the studiesere female Studies included people living with COPD
(n = B), or CRON =7) and one study did not specifyhree different methods afemotely
deliveredhome-basedtelerehabilitationwere detailed in the studiegelephone support
(n=2) supervised group exercise and education usi@facilities(n=11) andweb-based
programmegn =11). A combination ofliffering modes ofechnology was described in two
studies and a further study did not describe the method of delivering telerehabilitafibre.
design of included studies wasightrandomised control trials, sevarmon-randomized trials
(RCT)four survey design andightmixed methodsstudies (survey and interviews)he

characteristics of the included studies cands®=n inTable8.
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Table8

Characteristics of studies included in the review

Author Country  Study Design Participants n, PR Concept Reports Reports Report Report
(year) diagnosis, age (SD), sex Uptake Intent/ barriers  enablers
Data willingness
Almoijaibel USA Survey 134 diagnosis not stated Willingness to No Yes Yes Yes
(2021) 66 (10.7)years participate in
Female 50% telerehabilitation
Alwashmi Canada  Mixed methods 77 COPD Perceptions of No No Yes Yes
(2020) Qrvey+interviews 65 years Web-based PR
Female 60%
Bairapareddy India Survey 30 COPD Perceptions of No Yes No No
(2021) 54 (12)years Web-based PR
Female 20%
Benzo(2021) USA RCT + interviews 78 COPD Participated in  Yes No Yes Yes
69(8.1)years Web-based +
Female 53% telephone calls
Bourne UK RCT 90 COPD Web-based V Yes No No No
(2017) 70(8.6)years centre-based
Female 35%
Burkow Norway Mixed methods 10 COPD Participated in ~ No No Yes Yes
(2015) rvey + interview 62 years VC + phone calls
Female 50%
CerdanDes  Denmark RCT 54 COPD Web-based ¢ Yes No Yes No
LasHeras 67(10.2) yars centre-based
(2022) Female 43%
Chaplin UK RCT 103 COPD Web-based ¢ Yes Yes Yes No
(2017) 66 (8.1)years centre-based

Female 31%
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Author Country  Study Design Participants n, PR Concept Reports Reports Report Report
(year) diagnosis, age (SD), sex Uptake Intent/ barriers  enablers
Data willingness
Cox(2021) Australia RCT 142 COPD VC ¥centre- Yes No Yes No
68 (9)years based
Female 56%
Dobson NZ Mixed methods 30 CRD Perceptions of No No Yes Yes
(2019) Survey & interview  73% > 65 years Web-based PR
Female 43%
Grosbois France Retrospective audit 105 CRD Telephone or VC Yes No Yes No
(2021) 63 years Vs no PRCOVID
Female NA 19)
Hansen Denmark RCT 134 COPD VC Vs centre Yes No Yes No
(2020) 68 (9)years based
Female 55%
Hoaas(2016) Norway Survey + focus group 10 COPD Participated in ~ No No Yes Yes
55 years VC PR
Female 50%
Holland Australia  RCT 166 COPD Telephone ¥ Yes No Yes No
(2017) 69 (13)years Centrebased
Female 40%
Houchen UK Feasibility 100 COPD (AE) Webbased Vs  Yes Yes Yes Yes
Wolloff Nonrandomised + (n=14 interviewed) no PR
(2021) interviews for select 71(9.3)years
sample Females 45%
Inskip (2018) Canada  Survey & Focus 26 CRD Perceptions of No No Yes Yes
groups 71 years telerehabilitation

Female 50%
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Author Country  Study Design Participants n, PR Concept Reports Reports Report Report
(year) diagnosis, age (SD), sex Uptake Intent/ barriers  enablers
Data willingness
Lahham Australia  Semi structured 13 COPD Telephone No No Yes Yes
Female 77%
Lewis(2021) UK Service evaluation 17 CRD VC + telephone Yes No Yes Yes
69(11)years call
Female 50%
Marquis Canada  Observational study 26 COPD VC Yes Yes No No
(2015) 65 (7) years
Female 58%
Nolan (2019) UK Nonrandomized trial 154 COPD Telephone calls Yes Yes No No
71(9)years
Female 52%
Polgar(2022) UK Survey (x 2) 99 + 101 CRD Perceptions of No Yes Yes No
74 years Web-based PR
Female 47%
Seidman Australia  Survey 254 CRD Perceptions of No Yes Yes Yes
(2017) 73(10) years VC delivered PR
Female 59%
Simony Denmark Nonempirical 15 COPD VC Yes No Yes yes
(2019) 62 years
Female 47%
Skibdal Denmark Mixed methods 84 COPD survey, Perceptions of No No Yes yes
(2022) Survey & interviews 9 COPD int. VC telephone,
70(9)years or text messages

Female 53%
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Author Country  Study Design Participants n, PR Concept Reports Reports Report Report

(year) diagnosis, age (SD), sex Uptake Intent/ barriers  enablers
Data willingness
Tsai(2017)  Australia RCT 37 COPD VC Vs centre Yes No No No
73(8)years based

Female 50%

Tsai(2016)  Australia  Survey + Interview 11 COPD Participated in ~ No No Yes Yes
72 year VC PR
Female 36%
Whittaker NZ Feasibility study 26 CRD Participatedin  No No Yes Yes
(2021) 70 years web-based PR

Female 50%
Note. AE= acute exacerbatip@€RD = chronic respiratory disease, COPD = chronic obstructive pulmonary diseagded€dnferencingRCT = randomised control

trial, UK= United Kingdom, NZ= New Zealarsl= versuys

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

Data on theuptakerate of telerehabilitationwasextracted fromboth RCTs and nen
randomised clinical trialsut pooled separatelyThe reasons why participants did not
participate is notlearly defined in all studies and studigsed different

methodologies for recruitment making direct comparison limited.

Randomised Control Tisal

A total of 3289 participants from eight RCTs were screened for inclusion in the RCTS, of
which 2399 (73%) wereither deemed ineligible or declined uptakgable9). Inthe

seven studies that documented the number of patients who declinedtsdies
documentedthe reasons for declinindgrive studiegeported excluding betweer ¢

26% of the participantscreeneddue to patients stated preference for centbmsed
rehabilitation and declining participatiofChaplin et al., 2017; Cox, McDonald, Alison,

et al., 2018; Hansen et al., 2020; Holland et al., 2017; Tsai et al., 2Ah&)reported
reasondor decliningtelerehabilitationincludedlack of digital competenceiot having

asuitable home environmentr the perceivedtime commitment.

Table9
Number of participants screengekcludedr declinedn randomised control trials of

telerehabilitation

Author (date) # Screened # Excluded # Declined
Bourneet al(2017) 163 73 n/a

CerdanDeLasHeraset al 95 20 21

(2022)

Chapliret al(2017) 641 244 294

Coxet al(2021) 651 499 246

Hanseret al(2020) 1099 714 251

Hollandet al (2017) 295 129 67

Tsaiet al (2017) 128 91 40

Benzoet al(2021) 217 63 33
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Nonrandomizedstudies
Six observational studiegere identfied offeringtelerehabilitationto participants

underdifferent circumstancs:

1. during the COVIpandemic whercentre-based were close(Grosbois et al.,
2021; Lewis et al., 2021)

2. to bridge the gap to centrbased PR fgpatients with an acute exacerbation of
COPDOHouchenWolloff et al., 2021,)

3. while onPR waiting listfMarquis et al., 2015; Simony et al., 2019)

Across the includedon-randomisedstudies between 12to 95% of the patients
screened declinegarticipation(Tablel0). Three of the studies repogt reasons for

declire and these are includenh Tablell.

Tablel0

Uptake of telerehabilitation in observational studies

Author (date) # Screened # Uptake (% Uptake
Grosboiset al(2021) 65 57 (88%)
HouchenWolloff et al (2021) 2080 100 (5%)
Lewiset al (2021) 30 17 (57%)
Marquiset al(2015) 77 26 (37%)
Simonyet al (2019) 28 15 (54%)
Nolanet al (2019) 1593 154 (10%)

Intention to participate inelerehabilitation

The intent or willingness of people living with a CRD to participaieénehabilitation

was exyloredin four studiegAlmojaibel et al., 2020; Polgar et al., 2022; Seidman et al.,
2017; Skibdal et al., 202Zhree studies surveyed current centteasedPR
participants(Almojaibel et al., 2020; Polgar et al., 2022; Seidman et al., 20ti7one
studysurveyed participants after declimg centre-based PRSkibdal et al., 2022)

Studies found those who wished to engage with telerehabilitatpmrceived
telerehabilitation wouldresult in clinical benefitéAlmojaibel, 2016)had a higher
education leve(Seidman et al., 201 &nd had greater familiarity with, and access to

digital devicegSeidman et al., 2017; Skibdal et al., 20ZReobservationstudies usd
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different methodologesto defineand describéhe telerehabilitationinterventionto

participantswhich may have impacted the patient perception.

Participant preference

Two studies reportedn the patient preference fohow PR is deliveredNolan et al
(2019) reported only 10% of participants opted for hobesed PR when given the
option of centrebased PR or homleased PR with weektglephone callsChaplin et
al. (2017) conducted RCTcomparing centrebased with wekbased PR, but surveyed
consentedparticipantson their preference of centrdvased @ web-based PR prior to
grouprandomisation 38% sta¢d a preference fothe web-based PR intervention
(Chaplin et al., 2017)

3.4.3 The m@tient peceptionof telerehabilitation

Dataregarding patient§perception of telerehabilitation was gatherdtbm people

who had a range of prior experienaed knowledge ofentre-basedPR somehad or

were attending centrebased PRBairapareddy et al., 2021; Dobson et al., 2019; Inskip

et al., 2018; Seidman et al., 201Axd beerreferred to PRPolgar et al., 2022)r had

declined PRDobson et al., 2019; Inskip et al., 2018; Skibdal et al., 2Q2®) study did

y20 &Gl 4GS LI NI AOA LI vy Hased PRNIWaRNWI et dll., ROPADD A LI (
None of the participants any of the studiebadprior experience with

telerehabilitation.

Data were collated from five studies employing surveys, patient interviews and focus
groups.Participantsin all the studieperceivel telerehabilitationto be less onerous
than centrebased PR with reduced tim&avel,and financial burdenSynthesis of
thesestudies identifiedseveralfactors whichappear toplay a role irnnfluenangthe
patient perception oftelerehabilitation Thesefactors have been desibed & barriers

and enablers and ardiscussed below.

Perceivedarriers toparticipation in telerehabilitation

Technical competence
Technical competence was reported by all studies as a perceived barrier to
telerehabilitationwith up to 39% of participants reporting they believed they would

not have the necessary technical skills to partake in telerehabilitdfdmnashmi 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 levelere shown to be associated with technical confidence

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

Deviceand dataaccess

An inability to access the required digital device and/or limited data access was
reported as a perceived barrier 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 foilmad the most ubiquitous device
was a mole phone, with ownership rates between 73d 88% of the cohorts
sampled(Almojaibel, 2016; Alwashmi et al., 2020b; Dobson et al., 2019; Seidman et al.,
2017) However, the same study showsthartphone ownershipates were reported
between 23¢ 66%, with many participants reporting limited functional device ability.
Twostudies explored predictors of accessa deviceand both foundthat smartphone
ownership(like technical competence&yas directly related to education leveéfined

as beyond high scho@\lwashmi et al., 2020b; Seidman et al., 2017)an
implementation study conducted during the COMI®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 withdinicianwas discussed iregen reviewedstudies
(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)eestudies
participantsreported a laclof supervision or contact with clinicianas a potential
downside oftelerehabilitation(Dobson et al., 2019; Seidman et al., 2017; Skibdal et al.,
2022) Survey participants reportethat whilsttelerehabilitationmight offer a more
convenientway of communicating with their clinician, théyoughtthe clinician may

lacka good uneérstanding of their conditioiBairapareddy et al., 202y would

LINE F-SI8INI@adwith a physiotherapis{Seidman et al., 2017)
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Peer support

Studies found that peer support and social connections were considered important
components of centrdased PR, with the potential lack of peer support perceived a
barrier totelerehabilitationfor many participant¢Dobson et al., 2019; Inskip et al.,
2018; Seidman et al., 2017; Skibdal et al., 20R@monary telerehabilitation delivered
through goup-based VC delivered sessions may minimise this barrier by allowing for

sharing experiences of living with COf&Ribdal et al., 2022)

Other barriers

The length of time a paidipant has lived with thei€RDand the degree of symptom
burden were identified as perceived barriers to participat{&tmojaibel, 2016; Skibdal
et al., 2022) These studiesuggestedhat greater the duration and severity tie

diseasethe greater the perception of nbenefit fromtelerehabilitation PR

Language was reported agpatential barrier toparticipation intelerehabilitation with
the option of the intervention being delivered in other languages required in order to
partake(Bairapareddy et al., 2021; Dobson et al., 2019; HoudNefioff et al., 2021)

In addition to these barriergarticipants alsaeported caution aroundhe security

and privacy of data transmitted through technologgtentially impacting their

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

Perceived enablets participation in telerehabilitation

Factors which were perceived to positively influence uptakelefrehabilitationwere

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 clini@airapareddy

et al., 2021; Skibdal et al., 2022hd monitoring and feedback on thefehabilitation
performance(Dobson et al., 2019; Inskip et al., 20I®)e perceived barriers and

enablers to participating in telerehabilitation have been summarised in Table 11.
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Tablell

Barriers and enablers to uptake of telerehabilitation in studies

(2021)

Barriers

Technical competence of participant

@ Almojaibel (2021)

@ Chaplin (2017)

. HouchenWolloff

@ Simony (2019)

@ Lewis (2021)

Reduced interactiomvith HCP

e Alwashmi (2020)

®0e Bairapareddy (2021)

. . Polgar (2022

Lack of peesupport/social interaction

oo Inskip (2018)

® e .Seidman (2017)

Personal preferencef participant

0|0 00, (2022)

Culturallanguage

Access to a@liceanddata

Privacy/securityf health information

0000 ¢ .Dobson (2019)

Lack oimonitoringavailable (HR, Sp0O2)

Participant elucation level

Duration of CRD

Space/environment/equipment

Impact of Camorbidities
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3.4.4 Experienceof participation irtelerehabilitation

Eightstudiesexploredthe patient experience of participating telerehabilitation

Data were collected through interviewéBenzo et al., 2021; Burkow et al., 2018b;
HouchenWolloff et al., 2021; Lahham et al., 2018a; Tsai et al., 2016; Whittaker et al.,
2021) focus grougHoaas et al., 201@&nd questionnaire¢Benzo et al., 2021; Hoaas

et al., 2016; Tsai et al., 2016he models of delivergf PR useavere; telephonecalls
(Lahham et al., 2018pyideoconferencingBenzo et al., 2021; Burkow et al., 2015;
Hoaas et al., 2016; Simony et al., 2019; Tsai et al., 20d@)eb-based moded
(HouchenWolloff et al., 2021; Whittaker et al., 202The webbased models allowed
participants to complete PR independently at a time convenient to them, and allowed
patient initiated interactions with clinicians, with one of theogrammesoffering
individual VC consultations with a clinicighouchenWolloff et al., 2021)178
participantsacross eighstudies reported their experienseof participatingn
telerehabilitation with studysample sizes rangirfgpm 10 to 78 participantsThe
meanages of participants ranged from 55 to 69 years and 52% of participants across
the studies werdemale.Someparticipantshad previously attended centreased PR

and othershad never attended centrbasedPR. Two studies included participants

who started butdid not completetelerehabilitation In nearly all the studiesxploring
participation in telerehabilitatior{n=7/8), the technical equipment was provided for
participants,with the remainingstudy requimg participants to use their own device
(Whittaker et al., 2021)See Tablel2 for characteristic®f studies included.
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Tablel2

Characteristics of studies exploring the participant experiences with remotely delivered PR

Participant el
) experience of PR =y
4) . o S
—_ = o o X < = °©
N e 8 s £ zQ X 5
5 g £ > 24 .80 S8 2.
o B 2 o o =_.2 c = 5 ¢
o) ) > T c 09l c © S5
= 2 0 = 29 323 2 > S £
o) S > () == Q27%8o C o >
£ E B S Sg >§2 = €5
2 s 2 x c% 223 53 e
< ] < o Z o 0o o = n o
Benzoet 78 69 VC Not stated Provided
al (2021)
Burkowet 10 62 VC All regular Provided
al (2015) computerusers
Lahham 13 66 Telephone N/A N/A
et al
(2018)
Hoaaset 10 55 VC 8/10 used Provided
al (2016) internet daily, 2
technology
naive
Houchen 14 71(9) Webbased Needed to be Provided
Wolloff et web literate + or used
al (2021) have emalil own
Simonyet 15 62 VC Not stated Provided
al (2019)
Tsaietal 11  72(8) VC Not stated Provided
(2016)
Whittaker 26 70 Web-based Not stated Needed
et al own
(2021) mobile

phone

Note. VC = video conferencing, N/A = applicable
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Telerehabilitation grticipantsacrossall studieseported healh benefits fromthe
interventionand high levels of acceptability and usabiltyren taking part in

telerehabilitation The key themes emerging from the studieportingLJ- NIi A OA LJI y (i
experiences of being involved in telerehabilitatioave been grouped as enablers and

barriers

Enablers

Communication with HCP

Fiveof the eightstudies reported positivexperiences witlthe communicatiorand
supportthey experiencedrom 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) Thispositive feedbackvasreported predominantly irprogrammes which
included individual consultation®urkow et al., 2018a; Hoaas et al., 2016; Lahham et
al., 2018a)put also for one of the group VC programn{@sai et al., 2016Llinician
contactwas reported to be associated with improved participat{tahham et al.,
2018a)and increased health benefi{3sai et al., 2016 he regulacliniciancontacts
reportedly facilitated canplete and safecompletion of the programme¢Hoaas et al.,
2016) Two studies proviehg optional clinician consultations reported low rates of
uptake of the consul{Bourne et al., 2017; Chaplin et al., 20&fich prompted the
recommendation tlat theseconsultationsshouldbe scheduled and structuredather

than optional and patient ledgSimony et al., 2019)

Feeling supported

A theme of patients feeling supportexith their health conditionduring
telerehabilitationwas reported in many of the studieBarticipants reportedgport
came from clinicias(Benzo et al., 202 jamily and friend§Lahham et al., 2018a)
(Whittaker et al., 2021)and othermparticipants in Vbased programmefBurkow et
al., 2015) Group-based education sessiorsabledsharingof ideas andchallenges
between participantgBurkow et al., 20150ne webbased study allowed family
members to register for the programnadong with theperson living witharespiratory
condition, resulting in important benefits for both the family and participant

(Whittaker et al., 2021)The Whittaker et al (20213tudy also used text messaging to
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inform, encourage and support participants, anastimessaging was perceived as

being supportiveby participants.

Flexibility

Afrequently reportedkey enableiof participationin telerehabilitationwas the

flexibility it provided. Itallowed those withdaytimecommitments 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 routirfeahham et al., 2018a)

Reduced burden

Most participants across thstudies reporéd a redudion in burden associated with
telerehabilitationwhichallowed participaion in PR without the expense of travel and
parking(Lahham et al., 2018a; Tsai et al., 20h6d reduced the time and fatigue
participantsassociated with travellin{Burkow et al., 2018a; Hoaas et al., 2016; Tsai et

al., 2016)

Monitoring and feedback

Different tools for monitoring participantguring telerehabilitationwvere described in
studies These includedctivity monitoisto gather data on steps takgiBenzo et al.,
2021; Burkow et al., 2015; Lahham et al., 2018a; Whittaker et al., 28adprovidng
pulse oximeterdor data on peripheral oxygen saturations and heart rafdse data
were monitoredreaktime via VGLewis et al., 2021; Tsai et al., 20b6)yecorded in
digital diariegstep count, observations, and symptongBenzo et al., 2021; Burkow et
al., 2015; Hoaas et al., 201&nd wasavailable taboth the participant anctlinicians
Participantgerceived the data differently; some report tliata as motivational and
providing a learning opportunitfHouchenWolloff et al., 2021JHoaas et al., 2016)
while othersdid notwish toview their own databut felt it was useful for their

clinician(Burkow et al., 2015)

Barriersto participation
Whilst most of the feedback was positive, participants repdidspects which made
engagingn telerehabilitationchallengingCommencing the telerehabilitation

programmewas found to be a particularlgifficult time due to their prolonged
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sedentary lifestyldLahham et al., 2018a3long with technical disruptions. Whilst

most participants reporéd the digital equipment waggenerallyeasy to usginternet
disruptions impacted participatio(lsai et al., 2016and there were reports odtress

when the VC technology did not wofloaas et al., 20169r difficulty downloading

and logging onto the ap@/Vhittaker et al., 2021)One webbased application received
feedback from participants that the programme was complex and technical challenges
reduced their motivation or causetiem to disengage entirelfHouchenWolloff et

al., 2021)

Participants providedeedback that more variation in the exercise programme would
have been beneficial,ral options for adapting exercises when they were having a bad
day or painor weather limited participatiorfHoaas 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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Tablel3

Barriersandenablers experienced during participation in remotely delivered PR

HouchenWolloff
(2021)

Benzo (2021)
Burkow (2015)
Hoaas (2016)
Simony (2019)
Whittaker (2021)

Tsai (2016)

Getting started

Variation & modification

© | ® | Lanham (2018)

@

Barriers

Technical challenges

Not tailored

Health benefits

Interaction with HCP

® 0000

Feeling Supported

e 0o
® 0o 00
@

Usability of technology

Enablers

Flexibility

Reduced burden
Feedback

Key
OBarriers

@ Enables

3.5 Discussion

This scoping review has exploréde literature onend-dza Speideptiors of
telerehabilitation Thisdata informs ouunderstanding of the barriers and enableos
telerehabilitationwhich are bothanticipatedand experienced by participantand
supports the need fofuture modelsto be developedthrough a process of edesign

with potential end users to enhandke reach of PR

This review foundimited literature reporingthe uptake oftelerehabilitationin the
clinical settingMany studiesinvolved randomisation which dictategroup allocation
and the studies frequently reports patient preference for cenbased rehabilitation
as a reason for declining participatidhis acknowledgedecruitment to thesestudies
was frequenly from PR waitlistswith patients having expectation of attending centre

based PR.
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Themost frequently reported barrier téelerehabilitationwas technical competence
with the devices used to deliver telerehabilitatiowhilst thismaychange as
technology becomes a more integral partlalS 2 LIiveS,@hé sequential surveys in
the UK pre and post COVID have shown that despégrowing use of and

confidence with technology, the appetite ftglerehabilitationremains low and
relatively unchanged@Polgar et al., 2020; Polgar et al., 20Z2)mpetence with
technology is associateslith age, education level and device accéssidman et al.,
2017; Skibdal et al., 2022uggestinghe possibility thafprovidingtelerehabilitation
may widen the equity gap by pneoting options that are not accessible to those who
may need it the most-or example, aurvey conducted in BKinner city, highpoverty
area showed only 16% of people admittedatbospital with a COPD exacerbation had
computer access and only 14% had internet ac(@sanger et al., 2018Akeyfeature

of remote delivenryis to reduce the burden associated with attending certissed PR
programmeand developers must ensure that thoser whom thismay beusefulare

not disadvantaged by lack of access to deviéesess to mobile phones appears most
common however,these are noalwayssmartphonesand reports ofinternet data
access are variabl&iven the widespread ownership of mobile phones ihe ideal

device for delivery of PR

Holland et al(2021),recently suggested thdhe uptake of PR is influenced by
perceptionsof what participation in telerehabilitatioomight mean fompeople living

with a CRHolland et al., 2021For many participantsthe perceptionof
telerehabilitationis that it istechnically challenging artteyondtheir digital skills.
However, in participants who have completederehabilitation technical challenges
wereretrospectively considerethinor. 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 (UTEikatesh, 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 participaniMany of the studiesncluded in this review
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provided both equipment and significant technology suppwattich may have
positivelyinfluenced the participant experiencBnsuringthe allocation ofsuch
resourcesn telerehabilitationprogrammes may be an essential partsatccessful
implementation.Includingtraining and support as an ojtut rather than optin model

for telerehabilitation participantsnayenhance uptake and outcomes.

Developing a therapeutic relationship witktending cliniciars has been shown to be
important to people living with &RDThis review showed that lack of supervision

and direct contact with staffs a perceivedbarrier to participation irtelerehabilitation
Studies of remotely delivered PR hawgeddiffering methodologes making it
challengingo compare and identify optimal modeler telerehabilitation, forexample,
some webbased modelsiseWa G- Yy Ry SQ Y2RSf & gA0K y2 a0KS
whilst others usaveekly telephone coaching and supervised group exercise and
education modelsDespite thiscommuni@tions with clinicians wer@entified asan
important facetof programmes by participantsMany studies report the remote
communicationas dfectiveandasengaging as faem-face(Benzo et al., 2021t

could be suggested participartgve more individual and personalised communication
with a clinicianin telerehabilitationmodelsthan centre-based where they are
competingwith other participantdor 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 netwémkcentrebased PR this
network is developed with peers at the programnsudiesreported concerns that
telerehabilitation would not be able to provide the same peer support as cdmsed
(Dobson et al., 2019; Inskip et al., 2018pwever, participants who completed
telerehabilitation reported feeling supported in different watgsthose in centre

based PR remotely delivered group sessions using VC facjlgmsal support was
reported asreceived through other participants in the programrfigurkow et al.,

2018a; Tsai et al., 2016pr telephone and wekbasedmodels this support was
receivedfrom family and friend¢Lahham et al., 2018a; Simony et al., 2019; Whittaker

et al., 2021)whooften participated alongside the patient arlecame more aware of
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the participanf@ condition and how tdest provide supeprt. In developing
telerehabiltation 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
GKS LI GASY(diQa LISNOSLIAZ2Y

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

PRis an effective and essential componenRDmanagement Whilst centrebased
programmes have proven efficacy, they are not always accedoitdd!.
Telerehabilitationcan provide a flexible and convenient programme wioahreduce
the burden associated with accessing certased programmaevhilst 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 IP&t.some

participants concerns about digital competenggevice accessr lack of perceived

benefit canrestrict participationin digital options Serviceshould consideadequate
resourdng for new modelf telerehabilitation to be implemented to allomclusvity

for all participants and provide sufficietraining and support to overcome technical
challengesDeveloping a therapeutic relationshppears criticalo programme

success and strategies to enable thligch as regularly scheduled clinician interactions,

must be consideretb optimise the success of such programmes.
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Chapter 4 Developmenbf an mHealthapplication for pulmonary rehabilitation

4.1 Prelude tochapter

This Chapter describes developing the contentrofridealthapplication forPRin NZ
to increase the acceds and uptake of PR. Thikapter will addres©bjective 3and 4

of thetheses

To develop the content for a NZ based mHealth PR prograeamde

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 uptakeand patrticipation in telerehabilitation. These chapters identified a need for a
different model of PRp increase the reach of PRhis, together with discussions with
our stakeholdersnformed the content development ain mHealthPR programméor

NZ which wecalledmPR This development of this programmedisscribed in this

chapter.

4.1.1 What was undertaken?

The development of our mPR intervention involved ass&p process based on a
framework previously described for developing and evaluating mHealth interventions

(Whittaker et al., 20123hown in Figure 5.

Figure5

mPR Content Development and Evaluation Framework

. mPR 1 o mPR 2
Theoretical Formative Feasibility

Study Intervention Study Intervention Pretesting
Development Development

E—
Part A Part B

Note. Adapted from mHealth Development and Evaluation Frame\(\ittaker et al., 2012)

Foundations
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Two of ourpreviously published studies were embedded in the development of the

MPR intervention. These were:

1 formative studyinvestigating eneliser perceptions of tdealth delivered®R
(Dobson et al., 2019see Appendix)

1 feasibility study investigating the usability thie first mPRV1(Whittaker et al.,
2021)(see Appendi).

This chapter is divided into two parts:

Part Aconsiders the theoretical underpinnings and tieemative study
(Dobson et al., 2019nd how these were used to create the inceptive mPR prototype.

This was tested in thiasibilitystudy.

Part Bconsiders how mPR evolved followiting results from thdeasibility
study (Whittaker et al., 2021 outlinesthe content refinementand thepre-testing of
mPRV2

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 mPRogramme and testing the
protocols. Support was providdany PhD superviso@nd the National Institute for

Health Innovation (NIHIY.he candidate led the two content development stages,
designing the exercisend education moduledhe candidate led the preesting phase
with support from cultural expertsThe candidate was involved with but did not lead
the formative study(Dobson et al., 201 the feasibility studyWhittaker et al.,

2021)

The candidate wishes to acknowledge the contribution of the following work

presented in this chapter:

1. mPR canvestigators and advisory group

2. the NIHI IT and project teams, in particular Cindy Chaordy Taria Tane,
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3. students at bioengineering school and Kelly Burrpws
4. the montent reviewers and the @rticipants of feasibility and pretesting studjes

and usability testing
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PART AnPRV1 Development and evaluation

The development process for mPR started veginthesising and evaluating the
theoretical underpinning$o inform the content. This, and input from people who

would benefit from PR, ensured a persoentred approach to the intervention design.

4.2 Theoretical Foundations

Three key theoretical frameworks formed the building blocks for the miRvention

content, (seeFigure6).

1 PR clinical guidelindglison et al., 2017; Bolton et al., 2013)
1 Theoretical models of behaviowhange(COMB, $cialCognitive Theory)
(Bandura, 2004; West & Michie, 2020)

9 Cultural frameworKTe Whare tapa wha)

Figure6
mPR Bvelopnent Frameworkhighlightingthe steps undertaken to form the theoretical
foundations
*
Study

mPR 1 o mPR 2
Feasibility

Theoretical ; _ _
Intervention Study Intervention Pretesting

Foundations

PR ClinicaGuidelines
Behaviour Change Theory

Formative

Study

Development Development

Part A Part B

CulturalFramework

Note. Figure adapted from mHealth Development and Evaluation FramefWinktaker et al., 2012)

4.2.1 PR Clinicdbuidelines

As tere are clear clinical guidelines for effective PR when delivered in a deasesl
modéd (Alison et al., 2017; Bolton et al., 2018)wasdeterminedthat the mPR
interventionshouldfollow these guidelines as closely as possible. The Australian and

New Zealand PR guidelin@dison et al., 201 frovide recommendations most
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appropriate to the NZontextand dong with the British Thoracic Society (B{Eg)lton
et al., 2013)and the American Thoracic Society (ATS) /European Respiratory Society
(ERS) joinstatement(Martijn A Spruit et al., 2013haped the development of mPR

The guiding components aseimmarisedn Tablel4.
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Tablel4

Summary of key components in Pulmonary Rehabilitation GuidéhinB®

Key Component

Details

Australian/NZ guidelines BTS guidelines

(Alison et al., 2017)

(Bolton et al.,
2013)

ATS/ERS joint

statement(Martijn

A Spruit et al.,
2013)

Participants

Peoplewith stable COPD should undergo PR
People withBronchiectasis should undergo PR
People with ILD should undergo PR

People with Pulmonarktypertension should
undergo PR

Programme structure

PR should be minimum twice weekly

Encouragement of physical activity five times per
week

Programmes of § 12 weeks are recommended

Home based PR needsdonsider; mechanism for
remote support/supervision, provision of equipmel
and patient selection

Exercise

Combination of muscle resistance and aerobic
exercise should be delivered

Prescription of progressive strength training shoul
be individualised
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Key Component Details Australian/NZ guidelines BTS guidelines ATS/ERS joint

(Alison et al., 2017) (Bolton et al., statement(Martijn
2013) A Spruit et al.,
2013)

Selfmanagement 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 andepression are prevalent
in CRD and may affect outcomes and can be
ameliorated by PR

Outcome measures Patient satisfaction and feedback should be soug}

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 diseaS®PD = chronic obstructive pulmonary disease, ILD = interstitial lung dBBasgulmonary rehabilitation,
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More recently, a consensus report was published providing guidelines on the essential

components of emerging RRogrammesseeFigure?7. (Holland et al., 2021)

Figure7
Essential components of Pulmonary Rehabilitafidolland et al., 2021)

An initial centrebased assessment by HCP

An exercise test at assessment

A field exercise test

Quality of life measure

Nutrition status evaluation

Occupation status evaluation

Endurance training

Resistance training

An individually prescribed exercise programme

10 An individually progressed exercise programme

11. Team includes HCP with experience in exenmisscription + progression
12. HCP trained to deliver the components of model deployed.

©COoNoOO~WDE

4.2.2 BehavioulChangerheory

A key objective of PR is to support behaviour change to improve the physical and
psychological condition of people with CRD. The candenelopment of mPR was

informed by behaviour change theories to enable participants to make sustained
OKIFy3aSad . SKIFE@A2dzNJ OKFy3aS AYyaGSNBSyaAzya |
RSaA3aySR (G2 OKIy3S aMeénheetalA D1iasiethablogydzNI LI
provides a valuable medium for promoting heaééthhancing behaviours. A systematic

review has shown that interndbased interventions are most effective when they

incorporate multiple behaviouchange techniques and modes of delivé@BpleLewis

et al., 2019) The mPR programme wanderpinnedby two behaviour change

theories;the COMB model (West & Michie, 2020andsocial cognitive theory (SCT

(Bandura, 2004)both of which are groundebly the concept of seléfficacy.

Perceived seléfficacy refers to how confident people are to perform actions required
to deal with situationgBentsen et al., 2010).ow seHefficacy and perception of
personal capability are associated withw participation in physical awtity (Arnold et

al., 2006) and thisappears to be particularly important in people living withREOL In
CRD, the experience of breathlessness leads to a sense of lossrof aodtlow sel

efficacy. Patients avoid activititisey perceive as out of their ability leading to reduced
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physical activity, reduced social interaction, deconditioning, ool 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 individual§McAuley & Blissmer, 2000; Troosters et al., 2010)

Previous studies of COPD patients have found that higivets ofselfefficacycan
predict improvements iexercise capacifypsychological and social functi¢Arnold et
al., 2006) illustrating the importance of consideration to low sefficacy in PR. The
COMB Model proposes that to perform an activity; an individual must feel they are

physically and psychologically able to dq8test & Michie, 2020)

COMcB Model

The COMB framework states that for an intervention to be effective in changing
behaviours, Capabilityppportunity,and Motivationshouldbe addressedThis model,
developed in 2011, forms part of the behaviour change wheel framegdithie et
al., 2011) The three components in this model all interact with each other and
successfubehaviour requires at least one of the three components tddrgeted. All
three key components may impact paipation in PR and have beamrcludedin the

content development of mPR.

Sociakognitivetheory (SCT)

Social cognitive theory (SCdgnsiders the interaction between the person,

environment, andehaviour (sed-igure8) (Bandura, 2004)Forexample, 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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Figure8
Social Cognitive Theofgandura, 2004)

Qutcome expectations
Physical
Social
Self-evaluative

Y
Self-efficacy > Goals EE— Behavior

Sociostructural factors
Facilitators
Impediments

According tqBandura, 2004}here are several ways of enhancing ssficacy. These
include mastery experiences, in which the person gains confidence by achieving a
modestgoaland observing someone like themselves successfully performing a
behaviour, such as modelling, and verbal persuasion. By incorporating behaviour
change techniques targeting these construct®ur mPR programme it isgposed

this will support participants to make changes in their behaviour.

4.2.3 Cultural FrameworkTe Whare Tapa Wha

an2NRA SE LIS Mht@ryied Somieddigatdds didease and have lower PR
completion rategCandy et al., 2020a; Telfar et al., 201%k)nsideration o n 2 NA
specific models of healtwill helpto ensure that themPRprogrammecan work
toward redudng inequities for this groupTe Whare Tapa Wha provisiaframework
to shapemPRfor our NZ context,asit RRNBX &daS& F2dzNJ {1 S& RAYSyYa
GFKF GAYFYl 6LKeaAOlIfox GFKF KAYSTFENR oY
and taha wairua (spiritual) and is based on a firm foundation (whe(R@aghford,
2004) These essential foundations form the walls of the wHaeme)and illustrate
the foundations of welbeing. If one of the foundations or walls is missing or damaged,
the whare becomes insecure or imbalanced, and the person becomes unwell. Th
framework guided mPRevelopmentto ensuee all dimensions of health and wellness
were consideredduring the development process
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4.3 Formative Study Enduser involvement

The second step in thmPRdevelopment process involved a formative study to gather
the perceptions of the gtients and cliniciandirectly involved in PRegardingthe

option of an mHealthapplication forPR (seé&igure9). This stegnsured a person

centred approach, with the content development being shaped to meet the needs and
preferences of the end users. The full manusccgm be seen in the appendicasd 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 proceduresc8hgibuted tothe
data collection, contributed to the data analysis and interpretation, and provided input

to the writing of the paper.

Figure9

mPRdevelopmentand evaluation framework

mPR 1
Intervention

o mPR 2
Theoretical Feasibility Pretesting

T o) Formative Study

Study Intervention

Development Development

Preference
Study

Part A Part B

Note. Adapted from mHealth Development and Evaluation Frame\{(fthittaker 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 nHealthPR 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 (@Rjspiratory physician,

a physiotherapista health psychologistand nurses.
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Methods:

The study waa mixed methods sequential design, using a survgyaoficipantsliving

with chronic respiratory disease (n=3@nd clinicians working with patients with CRD
(n=8).Participants were recruited from respiratory outpatient clinics, respiratory
inpatient waids, and PRervices 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
6ckonu® ¢KS LINIGAOALIY(HaQ RSY2IANI LIKAOA &
40% vere female, 23% identified &dnori, 13% as Pacific and 57% as NZ European.

The majority ofparticipants had access to a mobile phone (87%)@nldome internet

(77%). Healthcare professionals who cared for people with CRD were invited to

complete a semsgtructured interview (n=8). The sample included two doctors, two

nurses, three physiotherapists and one health psychologist.

Participants (patients and HCP) beliewdnHealthPR programme woulteduce

some of the burden associated with attending cenlr@sed programmes, including
travel, parking time, and expense. Both patients and HCP expressed concern that
digital access andigital confidence may be a barrier for many people, and participants
may miss out on the positive gains from peer support netwatksentrebased PR

programmes

Of the participants who liked theonceptof an mHealthPR programmgthe key
features they wished to see included in thrPRintervention included: tips for
managing breatlessnes86%), information and education on their respiratory
condition (77%), access to thewn health information (54% a meansof tracking

their health data (50%) and motivational and supportive messages (41%).

Implications
The findings from the study showed a high interiestn participantsn mHealthPR,

particularly from the patient group. Results reinforced the burden for some
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participants to attend a centre twice weekly for eight wedkmdings suggeshe
ongoingdevelopment of ay mHealthPR programme must consider device access and

digital literacyto facilitate participation.

4.3.1 Synthesis dhesisfindingsinforming content of mPR

Thetheoretical underpinnings together with thendings from the formative study
formed the bas content of mPRThis content was informed and shaped by findings in
Chapters 2 and 3, and candidates previous research findidgedy et al., 2020&3ee
AppendixN), andsummarised imrablel5. 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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Tablel5

Bringing together research findings of key componémtmPR development

Theoretical Foundationgthapter 4)
Formativestudy (Dobson et al 201

NZ PR Survey. Candy et al (2021)
(Chapter 4

Non-completion Study(pre thesis)
(Chapter 2)

Candy et al (2020)
Review of literature of barriers

(Chapter 3)

People living with CRD, including COF
asthma,bronchiectasis, ILD

Mnori and Pacific people

Low socieeconomic

Population

Younger

Include familyivhanau
Culturally tailored
Personalised

Low digital confidence

Device access

Features

Free of charge
Digital support

Prompts/cues

Information on breathing strategies
Provide feedback

Social support

Content

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 thenPRV1

Asdefined by ATS/ER@®/artijn A Spruit et al., 2013R must be based on thorough
patient assessment and involypatient-tailored interventions includingxercise,
education, and behaviour change interventions. Haistion describes how each of
these essential elements has been developed in niRRI€10). The candidate led the

content development supported by experts in the wider team.

Figurel0
mPR Bvelopnent Frameworkhighlightingthe steps undertken to develop initial prototype

Preference
Study
mPR 2

Foundations Study . Study Inter\I/ention Pretesting
Intervention Development

Development

Theoretical Formative mPR 1 Feasibility

Note. Figure adapted from mHealth Development and Evaluation FramefWinktaker et al., 2012)

The mPR/1programme was designed to be delivered throwgshort messaging
service (SMS¥ith an optional phoneébased applicationSMS isn accessiblend
acceptablemethod of communication for many older adu(tSoleLewis et al., 2019)
isfree of charge and does not require complex digital sKilte use oEMSor 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 programnfer each participantvas personally tailored based

on an initial centrehased assessment.

4.4.1 Patienttailored

A modular PR programme was developed aitmmPR to be individul tailored,
based onnitial assessmerfindings, preferences, and demographidduleswere
designed toaddress target behaviourmportant for selfmanagement of chronic
respiratory condition an@re based on clinical guidelin€élison et al., 2017; Bolton et
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al., 2013; Holland et al., 2021; Rochester et al., 200t SMS were personalised
using participantpreferred nametheir support persof @ame, their personal

motivators, anda culturally appropriate greeting.

Familys K n ymeuwiibers could sign up for the programme to support the person
living with a CRDA description of the different moduldsr mPR VIan beseen in
Tablel6.
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Tablel6

Description of the different modules available in VAR

Module name

Compulsory

Breathing

Inhaler user

Exercise prescription
information

Exercise prescription

Description Sub modules Who canreceive
this module

Core motivation, support and information messages designed to encourage engagemen Messages are Al

the programme, PR associated behaviours, and the healthcare system tailoredfor:

Motivational messages Mnori

General wellbeing Pacifia

Links to support services 2 Knyl dz

Advanced care planning G&
General PR information/education
Flu vaccinations

Staying well

Messages on effective breathing pattern. All (patients and

Strategies for managing breathlessness. g Knylt dzo

Information about correct use of inhalers Patients only
Optional

Messages covering information and safety for exercise prescription Patients only

Introduction to VAS

BORGbreathlessnesscale

Warm up information

Cool down information

Safetye.g.,when not to exercise

Weekly exercise prescription. Ex. Level 1 Patients only

Programme includes aerobic, resistance and balance exercises. Ex. Level 2

Stratified to three levels basemh: 6MWT, mMMRC, balance Ex Level 3
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Module name Description Sub modules Who canreceive

this module
Smoking Encouraging patients/family to consider quitting smoking Smoking Current smokers
Offering a smoking cessation programme. Smoking
family
Smoking cessation MBS NI LI bor alit@raticentdlipetrin(a @moking cessation programme (adapted Current smokers
version of STOMP) who identify as
wanting to quit
Mood/ Mental health/  Messages around mood management and-sate All patients
Stress Encourageseltcare hLIGA2Y I §

Provide education around stress and mood management techniques
Increase engagement in healthy behaviours
Provide motivation and support

Nutrition Messages around healthy eating and nutrition Nutrition g All patients
Provide education around healthy eating specific to BMI (low or other) low BMI
Increase engagement in healthy eating behaviours Nutrition-
Provide motivation and support other

Physical Activity PA related messages designed to decrease sedentary behaviour and increase general F All patients

through providing education, tips, goal settimgotivation,and support

Secretion Education and reminder messages regarding secretion clearance techniques Patients with
retained secretions

Note: ACP = advanced care planniByIWT = sibminute walk test, mMMRC= modified medical research council scale, VAS = visual analogue scale.PA = Physical activity. BMI = bo

mass inex.
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4.4.2 EXxercise

Theexercise component of mMPR was delivered as an asynchronous, unsupervised
exercise programm# be completed using equipment readily available in the home.
Safety wasparamount;exercise prescription was based patient assessment. The
exercise pescription waased on a stratification system (s€ablel?) developedy
the candidate Thestratificationguide was piloted with clients in cent®ased PR

programmesgprior to the implementation in the mPR V1

Tablel7

Exercise stratification guide

Exercise Level 6MWT distance mMRC Balance

1 (least challenging) < 200m >3 Uses walking aid
2 200¢ 450m 2¢3 No walking aid

3 (most challenging) >450m <2 No walking aid

Note. BMWT =sixminute walk test, mMMRG modified medical research council s¢ate= metre

The mPHREXercise programme

Initial centrebased assessment included information on

Warm up and cool down
Programme frequency

Exercise intensity using BOR@athlessnesscale(Ries, 2005)

r w0 N PR

Correct exercise technique

Each week participastreceived 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 (4r lower on VAS), no exercise prescription message was sent, and a
general seHcare message was sent instead. An example of the exercise message for
level 1:

GYtw 9ESNDAAS tflyY wKAB @yl YS8d hy p

5-minute walk, and do 5 of each of your arm, leg, and balance
SESNDAA&SE ¢
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Exercise Progression

The programme was designed to monitor engagement with exercisewmsy?2

messaging; each week on day 6, a message was sent asking winetiparticipant

KFR O2YLX SGSR GKS NBO2YYSYyRSR pattitiaNOA &S 2 |
NEOSAQPSR | YSaal3aS NBAYF2NOAYy3d GKSANI 6SKI
message was sent. Eaghthe threestratified level of exercise lieeight prescript

programmes. The exercise prescriptiwasstepped up using the reply to theeekly
administeredday 6 messA ST AF WeSaQs: GKS F2tfgedAiyd &S
dzLJd LT Wy 20> GKS F2ft26Ay3 6SS1Qa LINBEEON]

point (4 weeks), new exercises were prescribed.

Exercisdnformation

Information on how to safely exercise was included as a core module and delivered
using SMS. The messageminded participants to warrap and cooldown, to use the
BORGreathlessnesscale for intensity and when not to exerciS§eeFigurell for

examples of messages sent.

Figurell

Examples of core exercises SMBIPR V1

mPR: [hi] [name]. Always contact your doctor if exercising causes you any dizziness, ¢
pain or severe shortness of breath.

mPR: [hi] [name]. When exercising always start with a warmup & finish with a warm dg
(e.g.,marching on the spot for 2 minutes).

mPR: It is normal to feel a kstiff after you first start to exercise as your muscles may no
used to the exercises. Keep goitpe stiffness will ease.

mPR: [hi] [name]. Drink plenty of fluids why exercising, and if you have oxygen at hom
this when you exercise.

mPR [hi] [name]. If you are not sure how to do any of the exercising remember to chec
your handbook or look at the videos on the mPR app.

mPR: When exercising aim for moderattensity (3 or 4 on the BORFeathlessnesscale),
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 wekipartant 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 hay
be done at the same time.
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4.4.3 Education

Educationon managing a CRD was providembugh SM3o inform, support, motivate
andencourage healthy behaviourall participants received the compulsory modules,
seeTablel6 (generalinformation, 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 centrebased PR programmes andded on clinical guideling¢alison et al., 2017,
Bolton et al., 2013&nd translated into messages of 160 characters to create an SMS
library. For topics where there were existing evidethesed mHealth libraries

(smoking cessation, physical actiyjttheir content was reviewed and revised for mPR.

4.4.4 Behaviour Change

SMSmayprovide 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 inTablel8. SMS has been used successfullg range of health behaviour and
disease selfnanagement areas includirigr medication adherencéSarabi et al.,

2016) smoking cessatiofWhittaker et al., 2016)diabetes managemerfDobson et

al., 2018) and physical activity interventiorfslead et al., 2013)

77



Tablel8

Behaviour change technigsiédromMichie et al (2013i)ncorporated into mPR intervaon

BCT Grouping

SpecificBCT employed

Example content

Shaping knowledge

4.1 Instructions on how tperform activity

Breathing Module
mPR: [hi]. Good breathing starts with the nose. Try to breathe in through your r
to warm & filter the air before it gets to your lungs!

Exercise video demonstrating exercise technique

Social Support

3.2Practical support

3.3 Emotional support

3.12 K n ySupizort

mPR: [hi] [name]. Remember your nurse & doctors are only a phone call away
need them

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 unwelistil Important to try and take care of
your body. Try to get good sleep, eat well and practice relaxation.

Providing family with support

Natural consequences

5.1 Information about health consequence:

Benefits of exercise

mPR [hi]. Your health can be controlled so it has less impact on your life. Do it 1
your (motivation).

Feedback & Monitoring

2.3 Selmonitoring of behaviour

2.2 Feedback obehaviour

7.1 Prompts and Cues

Replying to text message with health score and readiness to progress
Sit to stand results on mP&pp

Text messages
mPR reply: Great work [name]!

mPR [hi] [name]. Take some time to practise better breathing in a relaxed posit
thinking nosetummy, and slowbreatheout!
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BCT Grouping SpecificBCT employed

Example content

Comparison of behaviour 6.1 Demonstration of the behaviour

Exercise demonstrations using models with CRD

Selfbelief 15.3Focus on past success
8.1 Behaviour practise/rehearsal
15.4 Self talk

8.7 Graded tasks

6.1 Demonstration of the behaviour

Feedback on average step count and number of exercises completed.

Daily exercise

Try to find things to do each day that give you a sense of achievement e.g. finis

acrossword or puzzle, or even finishing a job such as weeding the garden.

Exercise prescription
Progresses with time and patient readiness

Exercise instructions 7 video

Goals and Planning 1.1Goal setting

1.2 Problem solving

Goal of completing exercises five days of the week

Finding it tough to manage your healtRemember why you want to manage youl

health ¢ for (motivation)

Note. CRD = Chroniespiratory disease
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4.4.5 Optional webbasedapplicationfor mPR V{mPRapp)

Participantswvere giverthe option of accessingnaadditionalweb-based application
(mPRapp) which complemented thEMS The mPRipp reinforced the same exercise
prescription with instructional videos demonstrating correct technique for each
exercise. lalsoincludedassessmentan exercise test (ininute site to stand) and a
symptom scale (CAT questionnaire), whpelnticipants wereencouraged to complete
fortnightly for feedback on their progress. Further features of the rapRare
described irTablel9.

Tablel9

Descriptiorof components included in mRRp

mPRapp Component Description

Exercise prescription and Tailored exercise prescription (corresponding to S&cise
videos videos demontsating exercise technique

1 minute sit to stand test Instructionstimer, and ability to input number of repetitions
completed.Reminder tacompleteevery twoweeks

CATquestionnaire Questionnaire that could be completed in the app with
reminder to complete every 2 weeks.

Action Plan The standard action plan for respiratory disease exacerbatio
that could be completed in the app by the participant

Lung model visualisation An educational tool to demonstrate to participants how their

video lungs work and changes that may have occurred related to t
structure, to provide a visually appealing and accurate
representation of the lungs.

Relaxation and audio file: Freely available audio for participant to listen to and assist w
relaxation.

Information for family Brief information on how to supportour loved one with the
CRD

Note. CAT = COPD assessmest SMS = short messaging service, CRD = Chronic respiratory disease

4.4.6 IncorporatingTeWhareTapa Wha

The foundations of the Whare were considered in the intervention design and content.
Taha Tinangphysical wellbeinglkas 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 particigahia(
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% K ny | dzamahinegéri@(mental healthwas supported through content related to
enhancing mental welbeing in the core module, mana enhancing language and links
to mental health services/support. In addition, text messageshmawiewed anytime,
anywhere, evemultiple times, allowing patients to receivbe 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 createth amHealth PR programme incorporating SMS and a
mobile application. Thé&nal step in Part A of the developmentmiPR involve testing

mPR Vin a feasibility study.

Figurel2
mMPR Bvelopnent Frameworkhighlightingthe feasibility study phas

g . mPR 1 o
Theoretical Formative ) Fea5|b|l|ty
Foundations Study Intervention

mPR 2
Intervention Pretesting

Development Study Development

Preference
Study

Part A Part B

Note. Figureadapted from mHealth Development and Evaluation Framevdfkittaker et al., 2012)

4.5 Feasibility testing

The fourth step in the development process involved taking the first mPR prototype to
patients and theiy K n ytd edplore if the intervention met the needs and

preferences of endisers and ithe intervention wadit for purpose An overview of

the study can be fountelow,the full manuscript can beeen in the appendiX and is

summarised below.

The candidateontributed to the study desigrstudy proceduresgata 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

mPRV1to inform further development of the interventian

Methods

A nineweek, nonrandomised pilot study was undertaken at two hospital outpatient
departments in Auckland, A The study included participants over the age of 16 years

who hadbeendiagnosedvith a CR2nd were eligible for PR. Potential participants

were required to be able to read English and have access to a mobile phone. The

LI GASYyGQa FFLYAf&@ YSYOSNR O2dzZ R Ifaz2z NBIA:
consent, and the study received ethicalproval from Health and Disability Ethics

Committee (1ONTA/74) and was registered with the Australian and New Zealand

Clinical Trials Registry (ACTRN12619000884101).

Participants completed an initial centliased PR assessment and received exercise,
education and behaviour change strategies delivered through a text messaging
programme (aslescribed earliepages 93-97). Additionally, @rticipantshad the

option of accessing the mRR-app. At the endf the intervention, a followup

assessment and serstructured interview were completed.

Results

The study include@6 participants and fous K n yntewoiibers. The mean age of
participants vere 70 years and included 4/30 (15%)n 2 N&/30 (65%) European, and
5/26 (19%) other ethnicities. 20/26 (77%) wexgrentlyor had attended centrdased
PR, and 6/26 (23%) had never attend&d

Six participants were lost to follewp, and 20/26 (77%) completed a follayp
assessment, of whictb5%) of those followed upad opted for SMS onlgn=11)and

45% (n=9jor SMS + mRRpp. All 20 participants reported they would recommend the
programme to other people with @RDwith 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 empowerin¢40%,n=8)and provided reminders and promp{40%,

n=8) When asked about the components they liked the least, answers included:
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exercises were too haror progressed too quickli25%,n=5) and messagewere not
personal enougif20%,n=4)and a lack of feedback in the programi{®b,n=1) Of the
participants included in the study, exercise stratificatwas level 1 (12%), level 2
(77%) and level 3 (12%).

At registration ,69% (n28) participants opted for the mPRpp, andd2% (n21)

accessed the mR&op (completed app registration and logged in), with one participant
only accessing the mPapp on the day they logged in. In the follays interview,of
thoseparticipants who had not accessed the app were asked their reasons, with two
stating they had forgotten to do thishree reporting theyneeded help downloading

the app oneparticipant believing the app did neidd anything above the SMS, and

one needing helpo loginto the app Four participants felt they needed more

information on how to use the app.

Implications

The feasibility study provided valuable information on gteength ofmPRV1
programmeand how it could be improved. The number of participants who opted for
SMS only was higher than anticipat@®%, n=11andthis showed the importance of
providingan SMSption. Importantly, fedback suggest that the information for this
group could be enhanced with a paper manual to provide information that would

support and enhance their participation.

¢ KS LJ NIi A OA Llith¢ éxarése ol reasnditie masycommon exercise
commencement leveindicatedthe stratification banding needed further

development to ensure appropriate and tailored exercise prescription.

Many participants did not access or engage with the mmpRashoped One of the
findingsof the feasibility studyvas that the registration process was complicasettl
arduous indicating that the registration process should be simplified, along with more

information on how to use the mRP&pp to maximise engagement.
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Synhesis of findings

A summary of the key learnings from Part A can be seen in TallRag&® of this

Chapterrefers to the development and evaluation of mPR V2.

Table20

Summaryof key changes from pretesting and feasibility studies

Component

Key Recommendations

Sign in process

Smple
Completed by team at initial visit.

Technology

Ensuresuitalhility for use across different device modalities (e.g., lapto
computers)

Exercise

Videos to include patient diversity
Visibility of exercise completion
Increased stratification to four exercise levels

Provide éternative exercisesvhere necessary

Education

Provide tps and tools page on app

Ensure Ry topics coverethy text, short video content and links to
further informationpages

Option to pause

Enable a programmpause for 7 days irequired

Contact us page

Allow contact with PR clinician

Feedback

Initiate Myprogress pagéor participant feedback

Provide feedback on number of days exercise completed and step cc
data.
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PART B mPR V2 Development and evaluation

Part B of this chapter atudes the development angre-testing of mPR V&ee Figure
13.

Figurel3

mMPR Development Framewolkghlightingthe steps involved in Part B

Preference
Study

mPR 2
Intervention Pretesting

, ) mPR 1 o
Theoretical Formative Feasibility

Foundations Study Ll)net\%\lloegr?%mt Study

Development

Part A Design & § Cultural content
Functionality reviews

Content update Expert content
review

Enduser review

Note. Figureadapted from mHealth Development and Evaluation FrameWdfkittaker et al., 2012)

4.6 mPR V2

The fifth step in themnPRdevelopmentframeworkinvolved refining thenPRV1
interventionto develop themPRV2 intervention The feasibilitystudy described above
(Whittaker et al 2021provided valuable information to enable iterative improvements
for the mPRV2 The fundamental chang@scorporated feedback from participants,
whanau and the mPR tearwhilst the SMS remained an essential component of mPR

V2, the majority of changes occurred in the rdgip.

4.5.1 Design and Functionality

The design and functionality of the mRPRunderwentseveralchanges to improve
usability. The sigAn process was simplified to allow the research team to sign
participants onto the app at the initial assessment to overcome the technical
challenges experienced the initial feasibility studythe mPRapp becane integrated
with SMS, linking data angtoviding participants witlieedbackas requested by

participants in the formative and feasibility studies.
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Anew design of the mPR2 front pagevas designed to place the required exercise

prescription avertly upfront in the appBased on findings from the feasibility study

(see Table 20)he newfront pagealso included RRA GA 2y | €
YR (22f a0NRPEHBISE O PYe YR

for mPR V@an beseen inFigurel4.

Figureld

mPR fronpage wireframe

= Menu © HeELP

mPRge
Kia ora, Elaine Test

Today: 28/05/2021
You are in Day 7 in Week 1 of 8

Please try complete all 7 exercises below
for at least 5 days of the week:

Walking Sit to stand

®H®

Partial squat Wall push up

©@

Side raise Heel raises

TheWips and Toofpage

= Menu © rer
Side raise Heel raises
Toe raises Sit-to-stand test

W TIPS&TOOLS
K, MY PROGRESS

n | FEEL UNWELL

A comprehensive education package was added to the-apgpRo include 1Wips

and Toolsmodules for informing participants on managing their condition. These

modules were developed based on topics delivered in cebfrged programmes and

following recommendations from PR guidelir{@ackstock & Evans, 2019)ps and

tools were developed to complement and expamthe education delivered through

SMS. The topics covered candeen inFigure 15
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Figurel5
Wips and ToofModules

How do | get started with exercise?

What can | do when | feel breathless?
How can | stop running out of energy?
How can | become more active?

What can | do to keep myself well?

What is selicare?

|l 2¢g OFy L 3ASG | 322

What are the best foods to be eating?

© © N o o bk~ w0 NP

How can | clear the extra phlegm?
10.Better Bladder and bowels

11.How can | give up smoking?

Within the tips and tools page of the mRRthe informationwasprovided in various
formatsincludingwritten text, a short video clip, and links to websites to allow

participants to seek additional information.

¢ KBy Ptbgres® LJ 3§

The formative and feasibility studies reported that patients wanted feedback on their
progress. Th&Mly progres§page was added to show the number of exercises
participants had completed each week! participants were offered the option of a
commercially available sensor (Fitbit\wiithing) which could be linked to the mRR

and provide feedback on their daily step count. The step count data is presented in
graphical format within the mPR2in two ways, daily step count and average weekly

step count.

¢ K SfeeMinwell LJ- 3§
If participants beame unwell during the programme or needto take a break for
other reasons, theyvere able toPause€ihe programme for 7 days. A drajown

menu provided information on how to contact the teafrequired
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4.5.2 ContentUpdates

Exercise modifications

Several modifications were made to the exercise programme based on feedback from
the feasibility trial(Whittaker et al., 2021)Theexercise levesdtratification system was
reviewed and modified to include four levels insteadloke (e Table21), allowing

for a more tailored exercise prescription

Table21

AmendedExerciseSratification System

Exercise Level 6MWT distance mMRC Balance

1 (least challenging) < 200m 4 Uses walking aid
2 200¢ 350 3 No walking aid

3 350-500 2 No walking aid

4 (most challenging) >500 1 No walking aid

Note. 6MWT = sbminute walk test, mMMRE modified medical research council scale, m = metre

Other changes to exercise programineluded

1. Alternative exercise optionsere provided with video instructions
2. Improved exercise instructions

3. Safety alerprovidedfor each exercise

4

Diversity in exercise videascorporated(age, ethnicity, and disease severity)

Additionally, the exercise page was modified to see which exercises had been
completed on that dayo enablepatientsto see whatrequiredcompleion. An

example of the exercise page wireframes banseen irFigurel6.
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Figurel6

Exercise wireframes from mPR

O

Aim for 1 x 15 times

You have completed your Sit 10 stand today Skt on edge of chair with feet apart and flat
— great job! Press arrows for more on the floor. Bring your body forward and
o push through the legs 1o stand up. Siowly st |
back down into chair.

A Have chair against a wall so It does
not move.

Press image below to see the
exercise in acton

4.6 PretestingmPR V2

The final step in the development procesfsmPR Vnvolved pretesting of the
intervention prior to evaluaton in a clinical trialThis testing phase involved a review
of the content by clinical experts, culturakperts,and consumersis shown irFFigure
17.
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Figurel?7
mPR Bvelopnent Frameworkhighlightingthe steps undertken to pretest mPR

Preference
Study

. . mPR 1 o mPR 2
Theoretical Formative Feasibility

Foundations Study Intervention Study Intervention Pretesting
Development Development

Cultural content
reviews

Expert content
review

Enduser review

Note. Figure adapted from mHealth Development and Evaluation FramefWdnktaker et al., 2012)

4.6.1 ExpertContentReview

Aims
The purpose of the content review was to ensure that the SMS messages and

information contained within the mPR2were clinically and factually correct.

Methods

The content of mMPR2was reviewed by a range of clinical experts, including a
dietician, occupational therapist, health psychologist, respiratory nurse practitioner,
and physiotherapist. The clinical experts were askegkview the mPRV2content
including text messages, the miapBp and the mPRaper manual. The following key

questions guidd the review

1. Is the information factually correct?
2. Isanything is missing from the information provided?

3. Anyrecommendedchanges?

Implications
Clinician feedback was collateg the candidateandminor amendments were made

to the relevantcontent of the SMS and tips and tools.
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4.6.2 CulturalContentReview

Aims

To ensure the mPR programnweasculturally appropriate

Methods

Mixes of virtual and #person semstructured interviews wer® 2 y RdzOG SR 6 A ( K
livingwithaCRDO G F y 3 GF gKIA2NF 0O FyR GKSANI A RSN
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 intereéws and analysis were completed by a member of the

O2tt 02N 0ADBS NBASEHNOK GSIFY 0¢mdhodbleg? o1 &
(Jackson, 2015)

During the interview, the participants reviewed mPR content including text messages,
the mPRv2and the mPRaper manual. The following key questions guided the

interview.

1. What do you think about the look and feel of the m&pp?
2.La I ¢S wS2 @GSNEAZ2Y 2F (KIS @SHI FI2yNR +H{ a{
LINEINF YYS RSEAGSNAY I adzLILI2 NI F2NJ an2 N

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 enhanci{agength basedjvords in mPR V2 (which
is primarily in the English languagit)was considered that this would not only
improve responsiveness far n 2 padticipants but also a sense of belonging.
Participants expressed the importance of diversgityhe peopledemonstratingthe

exercises and includireg n 2 gddticipants in the mPR V2 videasuld ensure cultural
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relatability. The participants also expressed value in including the widém yirt dz
doinghome-basedexercises. A summary of the recommendations tredrationale

for these suggestionsanbe seen infable22.

92



Table 22

Summary ofecommendationgrom tangata whenua

Component Recommendation Rationale
mPR app More use of Te Rewithin a2NB 6Knyl dz an2NJ
General current version Reoso this may improve
responsiveness
Mana enhancing language Provides a positive and encouraging
experience fowhanau
Include more information, Provides personalised advice to the
resources and decision support userbased on their symptoms
based on reatime
symptomology
Action plan Includea n 2rBPresentation in  Better cultural representation may

peopledemonstratingexercises
in videos

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
I NB dzy R ¢ Siewsdf a
wellbeing

Ly Of dzRS dcéncepte
and natural sounds (i.e. water
forests and birds)

Include information that can
display what may happen if an
individual hits a particular target
(I.e., health benefits)

Acknowledges the interconnectedne:
of te taha wairua (spirituality),

hinengaro (mental health) and tinana
(physical health) on overall wellbeing

Improves responsiveness by
acknowledging the
interconnectednesa n 2Hhd¥e with
the whenua (land), moana (oceans),
awa (rivers) and ngahere (forest).

Rewards based system may better
motivate individuals to adhere to thei
exercise prescription

Progress page

Include smoking cessation(n
tips and tool® Y 2 Rdzf S

Recognises the impact of smoking c:
have on healthCreatesopportunities
for smoking cessation by provide
information and resources

Resource page

Provide easy to view summary
F2N) 6Knyl dz YSY
on the programme

Gives thes K n yitemiber visibility
over progress

2 Knyl dz
support page

Mana enhancing
encouragement. Acknowledge
the longevity of caring for
someone with a chronic iliness

Provides positive encouragement to
gKnyl dz YSY0SNA
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Implications

Modifications were made based on this feedback to ensure cultural safety and to
enhancea sense of belorigy 3 T 2 NJ a n 2 MddelsLdl-dNfdrent@del disgasea ®
severity and ethnicity were included in the exercise vidéastherTe Reo words were
included inmPR Valong with a relaxation session utilisitigS ! 2 canceptdN\&Rd
natural soundsOne concept which was not incorporated due to tiarel logistical
constraints was the addition of patient stories. It was agreed this would be beneficial

andwill be explored for future iterations.

4.6.3 Enduser review

The purpose of endiser testing was to identify any areas of confusion or ambidaity

participantsand to identify opportunities to improve thenddzd SN & SELISNA Sy

Aim
To investigate the usabilityf mPRV2through observation and investigation of end

user behaviour.
Study Questions

1. Can eneusers navigate the mP¥2 appropriately
2. Are there any barriers to use or areas of confusion?

3. Do endusers encounter any usability issues?

Methods

Thestudy 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 gined.
The study used three methods of data collection.

Think aloud
The patrticipants were invited to interact with the mPRand to verbalise their

thoughts andmpressionson working through the apfCharters, 2003)Participants
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were instructed to look through athPRV2with some prompts from the investigator

asrequired 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
WYips andTool¥ideo, and completing the exercise question at the end sample

week.

Semistructured interviews
After the participantdhad explored the app, the investigator interviewed thrividual
participantfollowinga semistructured interview guide, with promptslicitedfrom the

observation.Theinterviewswere audio recorded and transcribed verbatim SC

Results

Five male participants were included in the study, with a mean age of 68856
years). Participants were given the option of a device to view the-agpRthree
participantschoseaniPad, and two a laptop. All participants used a device regularly

and were familiar with app#A summary of data coliéed can be found in Appendix O
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General feedback
All participants asked if they could have the mPRafter testingn the beliefit would
be beneficial. One participant reported that he would like to show his family so they

could understand more about his health condition.
GL GKAY]l GKS flreéez2dzi Aa Of SINJFYR OSNE
MD22R FT2NJ tS2LXS 6K2 INB y20 GSOK al g

Implications

All participants(n=5)interviewed provided positive feedback regarding the MR

and felt it was easy to navigate. They all mentioned they would use w#st

available, and two participants mentioned it would be more convenient than travelling

to a centrebased programme for PR.

In this round of usability testing, the logghog process was not assessed. All
participants reported that the mRRpp was generally easy to navigate and was clear
and straightforward. Three components received navigation feedback: the arrows to
the nextexercise, 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 | 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 Synthesisand next steps

Thischapter has outlined the process taken to develop the content for MP&sing
an adapted version of the mHealth development and evaluation framevBoth mPR
V1 and mPR M&ere foundedon theoreticalunderpinningsand grounded in evidenee

based practice.
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Chapter 5 Protocolfor a preference clinical trial of centigased and iR

delivered rehabilitation in chronic respiratory disease

5.1 Prelude to thechapter

The aim of this chapter is to describe the study protocokfpreferencebasedstudy

to evaluatethe mPRV2programme
This chapter involves the preparation required to address objectivitde thesis

Identify patient preference for delivery of PR and to ascertain if allowing
participants to choose their delivemyethodmay improve the rate of attendance

at PR

5.1.1 Why was this workeeded

Protocols are an important part of research planning and outline the rationale for the
anygiven study, along with clear description othe methodology outcomesand data
analysigo be undertaken during the studyAdditionally,protocolsensure the analysis

and resultgemainconsistent with theproposal

5.1.2 What wasundertaken

The study protocol, along with all preparatory processes were undertakieis

involved the protocol preparationethical approval, trial registration and training of
research teamPart way through the trial the NZ experienced a national lockdown in
response to COVHDO pandemic. This resulted in sevewabvoidableprotocol

amendmentswvhich are alsalescribed in this chapter.

5.1.3 Supporting Documents

Supporting documents for this chapter can be founthim Appendcesand includea
copy ofthe datamanagement plan, ethical approval letters, participant information
sheet and consent form, data collections forms @awbpy of training manugdrovided

to theresearch team.
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5.2 Introduction

Alternative methods of delivering rehabilitation, such as mHealth, may be able to
increase the reach d?Rand allow morepeople the opportunity to access this
intervention. A recent Cochrane review has reported telerehabilitation is likely to be as
effective and safe as centlgased PRCox, McDonald, Hill, et al., 2018pwever the
scoping review in Chapter 3 has shown studli@ge found recruitment challenging,

with large numbers of screened patients being excluded or declining participation. The
scoping revievalsorevealed people living with @R[Cbelieve telerehabilitation would

be convenient and reduce the burden of attending a cefiitasedprogramme but
perceive telerehabilitation to be technically challenging and lacking personal contact.
To date, little is known about the patient preference for delivery ofABn compared
with centrebased and who would be best suited to delivery models. We have
developeda webbased application for PR developed specifically foiNEeontext,
MPRV2- herein referred to as mPRwhich 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 thegarson group and some would
rather receive a mHealthprogramme Previous studies have shown patient

preference a barrier to recruiting to telerehabilitation triglSox, McDonald, Alison, et

al., 2018; Hansen et al., 2020; Holland et al., 200ffg¢re are participants who may

not physically be able to attend-merson (due to transport, work, or illness) and if
randomised to this arnthey 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 interestedn a pragmatic approach to exploringPRand envisage that ithis
preference based trial successful, mP&uld be offered to people in this way and as
an alternative to existing standard PR programniéwerefore, information on patient
preferences (how many choose which version) is important information for funders
andservice developerprior to deciding to implement mPRo determine thisthe

study will utilise patient preference methodology. According to Kowalski three criteria

to be met for a preference based triate as followgKowalski & 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 emupletionof PR wherpatients aregiven
the choice of two different delivery models, mPR or cefiesed PRAdditionally; we
wish to determinaf the mPRprogramme is able tachieve improvements in clinical

outcomes which are rtanferior to those achieved witbhentre-based PR.

Specific study objectivemeto investigatethe following when participants are given a

choice of attending centrbased or receiving mPR

1. Patient preference for different model éfRdelivery

2. The attendance and completion ratestwith models of PR

3. Whether mPR achievienprovements in exercise capaciushich are not inferior
to centre-based PR

4. Whether mPR achieviemprovements in healtirelated quality of lifewhich are
not inferiorto centre-based PR

5. Patient satisfaction fronboth delivery moctls of PR

6. Participant feedback on PR delivered via mPR
5.4 Methods

5.4.1 Study Design

Aparallel norrandomised preference triaFollowingconsent, participants can opd

receiveeither centrebased PR anPRdelivered PR
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5.4.2 Participants

All participants referred to PR at three metropolitan hospitals in Auckland will be

screened foinclusion and invited to participate.

Inclusioncriteria
1. Aged 18 years or older
Have aCRDe.g.,COPD
9f AFAOGES F2NItw 61 OO0O2NRAY3I (2 G4KS NBON
Able to read and understand English

Able to provide informed consent

o o A WD

Own or have regular access to a mobile ph¢m#R group only)

Exclusiorcriteria
1. Not available for the duration of the study

2. Completed PR withinrpviousyear

Withdrawal criteria

Participants can withdraw from either arof the intervention at any time. Their
decision to withdraw will not affect their usual care. Participants can gtepnPR
programme and any of its components at any time by free texting back STOP to the
mMPR short code, uninstalling the app and/or ceasing wearing the sensor. As their
feedback and the reason for wanting to stop the programme is vitalito
understanding of completion of PBhese participants will still be contacted and asked

if they would be willng to complete a follow up assessment and interview.

Participants from either group who decline to complete the follow up assessment will
beincluded as lost to follow up arttieir data will be included in the analysiSthe

group to which they were allocateclinicians will be able to stop the programme on
behalf of participants if deemed clinicallyappropriate. Ifa participant in the nPR

group wishes to attend a centiigased programme, they will be given the opportunity

to attend on completion of the mPR component of thstudy.

5.4.3 Sample size calculation

To determine the required sample size, a ts@mple proportion test for non

inferiority was completed based on a completion rate of 60% for the cevdsed PR
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with a nontinferiority margin of 30% at 80% statistical power. The-imdariority null
hypothesis in terms of Odds ratio was: Odds of completion in cdrased PR/Odds of
O2YLX SGAZ2Y AY Ytw xQ&Opgridpphrgensn® aré réqyiied G2/

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

servicesn Auckland, NZCounties Manukau Health, Waitemata and Northshore

Potential eligible participants will be identified bgniorPRphysiotherapisiat one of

the recruitment sites. They will be given a Patient Information Sheet (PIS) and Consent
Form (CF)seeAppendixR Thesenior PRhysiotherapiswill 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@pdiion withwK n y, | dz
family, and friends. If the potential participant indicates that they would like to take

part in the study the clinician will confirm eligibildyd obtain informed consent.

Recruitingphysiotherapistsill 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 tmelines where possible.

PulmonaryRehabilitationintervention

All participants in both groups will attend a standard certesed assessment at the
site where they are recruited as per best practise guidel{Adison et al., 2017Both
groups will receive an eighteek intervention and then return to the same centre for

a follow up assessment.

Group ACentrebased Group

Participants who opt for the centrbased 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 (814 participants) delivered by a physiotheramasid

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 BOR®Gfscale
breathlessneswvith all participants encouraged to progress exercise to maintain a
breathlessness score of-3. Participants will be provided with a hodbased exercise
programme, which they arasked to complete three times per week and record in the
provided activity diary. The number of sessions attendbd,iumber of completed
exercisecircuits at the centrebased 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 seinagement educatiorwhich
occurs after every exercise sessiBaurticipants will be offered the opportunity to

make up classes that may haveen missed by extending the duration of PR up to 12
weeks if required. The centiigased PR intervention follows standard clinical practise
(Alison et al., 2017)

Group B: RRGroup

To qualify for the mPRpp participants must own or have regular access to a mobile
device and have regular access to the internet on the device (mobile datél6y.
Participants who opt for the PRintervention will receive a technology delivered PR
programme with content mapped from standard PR programmes and based on best
practise guidelinegAlison et al., 2017)n addition to mPRpp, each participant
enrolled in the mPR programme will receive a personally tailored package of text
messages over theBeek period. The programme consists of different modules to
allow content to be tailored to individual clinical characteristics, preferenaad
demographics. All participants receive a core programme. In addition, if they are a
smoker, they receive a smokiegssatiormodule and if they experience retained or

excessive respiratory secretions, they receive theetemm clearance module.

The programme includes a core componenirafividuallytailored 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 basegbarticipantsinitial assessment

scores (éminute walk test distance and dyspnoea sco®!RC) with participants

being stratified to four different exercise levels by the recruitttigician(see Tabl1,

Chapter 4)Participants are encouraged work at an intensity equivalerdf 3-4 on
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the modified BORG scale. Information regarding the BORG scale will be provided in the
mPRapp and in a paper manual for participants unable to access theapPRThe

LINEINF YYS A& | RIFLIAGS idseldralivaySoffeiima O dzZNNB
alternative exercises d participant is unable to complete the prescribed activity,

allowing participants to pause the programme if they are unyagdallowing

participants to determinef they are ready to progress their exercjg@gramme

Participants carselfmonitor their progress in the mRRpp which displays the number

of exercises completed each day. The programme has been designed to monitor
adherenceo exercise by 2vay 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 wesaactivity-
basedsensor for the eightveek period. The mR&nsor used in this component of the
study will be a commercially available FitbitWwithingsmartwatch, which monitors

step count. Participants who already use a sensor can integrate the data with their
own sensor to the mRRpp. Participants will be asked to wear the m$&Rsor as they
wish over the eightveek period and will be shown how toaigthe accompanying app

at regstration. Daily step count and weekly average step count data will be displayed
on theWly Progress padg®f the mPRappin those using a sensobtep count data

from the sensor will be accessed at the end of the study as well aoddtaw the

sensor was used and how often.

Participants will be offeredramPR 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 pides instructions on how to access and

navigate the mPRpp.

The mPR programme has been tested in a feasibility gtdhyttaker 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 Outcomemeasures

All participantswill complete a centrdbased baseline anibllow-up assessment
appointment The baseline assessment is completed at first visit, prior to
commencement of the interventior he followup assessment is completed at end

intervention (within two weeks of completion).

Blinding

Due to the nature of the intervention, blinding of participants is not possilie.
recruitingphysiotherapiswill complete the standard PR assessment and an
independentphysiotherapiswill undertake baseline and follow wqutcome

measuresThe following data will be collected:

Demographics and Clinical characteristics

t I NJi A @dnaliraphicand clinicainformation will be collected & baseline
assessment (see Appendixby the recruiting physiotherapisihe data &re collected
from subjective assessment and hospital recofidse data will be entered into RE&p

software

Primary Outcome
Attendanceand completiorrates atthe different delivery methods of PR will be

assessed by the following
Group ACentre based percentage of classes attended out of the 16 offered.

Group BmPR¢ 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. Areyou ready to progress your exercise programme?

The percentage of responses outtbé total 16 text messagewill be considered their
rate of attendancdor the mPR groupAn apriori 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 outcomeneasures will be completed by the blinded physiotheragptst
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 walkednom\galk test
(6WMT)and oneminute sit to stand (dmin STS) scores from baseline to follow(epd
intervention). The 6BMWT has been found to be a valid and reliable measure of exercise
capacity if two tests are conducted to allow for learning efi¢tdlland et al., 2014)

The 6MWT has been shown to be responsive to change following PR for people living
with a chronic respiratory conditiofHolland et al., 2014Jwo tests will be completed

at the baseline assessment

The Emin STS has been shown to be valid and reliable measure of exercise capacity in
people with COPICrook et al., 2017)he 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

/| KIy3aSa Ay LI NIGAOALIYy(IQa adaevYLi2YaestogAft o
(CAT) tool at baseline and follow up. The CAT tool is valid and reliable assessment tool

for health status in people with chronic respiratory conditigmsiligianni et al., 2012)

(Lee & Elkin, 2012; Suzuki et al., 20P&rmission to use the CAT in this stuwhs

received from Mapi Research Trusts (MRT)

Health related quality of life

t I NOAOALI yiGQa KSI MHRQoL)MWBe absésSed with tiEQBRA thok 2 F
at baseline and follow ug?ermission to use the E&D was received from EuroQol

(#4147, for this study. The EQD has been shown to be a valid and reliable measure

of HRQoL in people living with CEae et al., 202@nd has shown to have moderate
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to strong correlation with disease specific measures of HRQoL in (\DRD et al.,
2016; Pickard et al., 2007he EGBD has been shown to be responsive to(RBlan

et al., 2016)with a minimal important clinical difference in the VAS shown to be 7.0
(Nolan et al., 2016)

Dyspnoea
Participantsdyspnoeawill be measured using the modified medical research council

scale WNMRC)Bestall et al., 1999)

Physical Activity

t I NI AOA LI y (i Qmactivify @i lie ingirgctlyldiéasdred @ith the sedentary
behaviour questionnaire (SBQ@he SBQ is designed to assess the amount of time
spent innine different sitting behaviours and examines a weekday and weekend day.
This selfreported measure of sedentary behaviduas been shown to be a valid and

reliable measure of sedentary behaviour in adyR®senberg et al., 2010)

Participant satisfaction

All participants will be asked to compledesurveyon their satisfaction with PRt the
end of the interventiongeeAppendixT). Participants can complete the survey in
paper or electronic formatBoth versionsill berequested to becompleted at the

time of the follow up assessment. Thatisfactionsurvey data will be delentified.

Follow upinterview

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 ikppendixZ Participants will be invitetb participate in this followup
interview at the follow-up assessment he interviews will follow a serstructured
format (seeAppendixAA). Participants will be asked about their experiences and
opinions of the mPR programmall interviews will be completed by therincipal
investigator (SG)who will be involved with recruitment to the study but not delivering
the intervention Interviews will be conducted at thegarticipantsPR site or remotely

via telephone or videoconferencing. The interview will take approximately 4%
minutes to completeThe 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 rassessment all participants will be offered a k¢yidt) as

appreciation of their time.

Study Flow Diagrams
The participant flow through the studgshownin Figure 18or centre-based

participantsand Figure 19 for mPR participants.
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Figurel8

Centrebasedparticipants flow through the prefereneeased PR study

Group A: Centre based rehabilitation
N =50

Baseline

¢ Demographic and Clinical Data

* Intervention Preference

¢ Exercise Capacity  6MWT (x 2 allowing practise test]
One minute =it to stand

+ Health related QoL EQSD

*  Symptom score CAT

* Dyspnoea Score MMRC

Intervention
B weeks

Attend centre-based PR twice per week for eights
[Exercise and education programme as per site protocol)
¢ Exercise prescription completed as per circuit record
¢ Home based exercise prescription completed three times per week
(activity diary)

Follow up
end
intervention

+ Standard PR follow-up assessment
* Exercise Capacity BNWT
One minute sit to stand
* Health related Qol EQSD
¢+  Symptom score CAT
¢+ Dyspnoea score MMRC
+ Participant satisfaction
+ Attendance

Note. BMWT = sikminute walk test, EQ5D = EuroQol, CAT = COPD assessstemiMRC = modified

medical research council.
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Figurel9

mPR participargflow through the studyreferencebased PR study

Group B: mPR Group
M =50

Baseline

Standard PR assessment

Demographic and Clinical Data

Intervention Preference

Exercise Capacity BMWT [x 2 allowing practise test]

One minwts sit to stand

Health related Qol EQ5D

Symptom score  CAT

Dyspnoea score MMRC

Intervention
8 weeks

Exercise prescription and self-management education

Individuzlly tailored SM5

mPR-app

Exercize prescription and feedback
Tips and Tools to manzge chronic

condition

Limks to further suppart

mPR-sensor
Step count datz

mPR Manual

Paper material ta

ace | compliment
mPR-app

Follow up
End
intervention

Standard PR follow up assessment

Exercise Capacity

Health related Qol
Symptom score
Dyspnoea score
Participant satisfaction
Attendance

SMWT (x 2 allowing practizs test)
One minute sit to stand

EQSD

CAT

hMMRC

Note. BMWT = sibminute walk test, EQ5D = EuroQol, CAT = GBB&smentdst, mMMRC = modified

medical research council.
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Data analysis

Quantitative data analysis

All quantitative data will be entered intRED@&p electronic data capture toolsosted

by University of Aucklan(Harris et al., 20099nd downloaded tdBM SPSStatistics
(Version 2§ for dataanalysisAn intention to treat analysis will be conducted and p
values of <0.5 considered significant. Patient preference will be calculated as
percentagesDemographic and clinical characteristics will be reported with simple
descriptive statisticand betweengroup comparisons will be analysed with
independent sample-tests and chisquare testsAttendance data will be calculated as
percentage and attendance at >70% sessions considered as completion of the
intervention. Logistic regression will be used to detene 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 analysivafi@nce to

determine any between group differences.

Qualitative dataanalysis

Interview transcripts will béranscribed verbatim usinVivo qualitative data
transcription softwareQSR International Pty L{8020) The transcripts will be
checked for accuracy and any identifiable data removed. Tiaditgtive datawill 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
(ACTRN126210865864p). The study received locality approval at Counties Manukau
Health (1396) and | A ( SDMdtridt Kealth Board (RM14968).

5.4.7 Safety and adverse events

If an adverse ever(fAE)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) mirgor AE
monitor with subsequent participants b) major ABalt data collection until
modifications have been made, or ¢) seriouscAtalt data collection and investigate
AE, infem HDEC.

5.4.8 Ownership of data

Individual study data will remain the property of individual participantdTAJniversity
has the responsibility for storagprotection,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 amiddlemore Hospital until all data collection is completed and then
stored atAUTUniversityNorth Campudor 10 yearsaccessible only to the research

teamand after this time will be safely destroyed.

5.4.9 Data management

All participants will be given a unique identification code. The (Natient hospital
identification index)and code will be stored on a password protected memory stick
The deidentified data will be stored on a purpo4riilt online databaseisingREBCap
software, with password protection andccessestrictedto 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$een inTable23. A majorprotocol
amendment occurred partway through the trial whaeational restrictiondue to
COVIBEL9 pandemidorced closure of all centrbased services. This meant
recruitment had to stop short of the target sample size. It also meant all cératsed
participants had to pivot to telehabilitationoptions. These key changes can be seen

in the NSORTor extenuating circumstancg®rkin et al., 20210 AppendixX

111



Table23

ProtocolAmendments

Section heading Amendment

Recruitment Patient invitation to study moved from telephone call to invitation
completedin-personat initial PR assessment clinic.

Primary Outcome Centrebased stopped due to COVID ¢ primary outcome amended
to percentage of classes offered, previously percentage of 16 class

Telephone calls offered once weekly or zoom classes twice weekly
intervention duration was 8 weeks for both groups.

Intervention Centrebased PR

When faceto-face was stopped all services pivoted to
telerehabilitation. Participants were given the option of individual
telephone calls (once per week) or group vidammferencing classes
(twice weekly).

Sample size Recruitment had to stop when all fate-face stopped. Recruitment
stopped at n =36 in the smallest group (target n = 50)

Outcome Return to centre for followup assessmerg occurred for 5

measures participants, remainder forced to occur over the phone

6 MWT¢ only able to be completed dtaseline
1 min ST& only able to be completed at baseline

EQ5D, SBQ and Cédimpleted over the phone rather than-person

Note. BMWT ssixminute walk test, 1 min STS = one minute sit to stand, EQ5D = EuWyoQialension,
SBQ= sedentary behaviour questionnaire, CAT = COPD assesshéR t= Pulmonary Rehabilitation
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Chapter 6 The impact of patierpreferenceon attendance and completion rates
at centrebased and mHath pulmonary rehabilitation: Aon-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 lissuboptimal with low rates of access, uptake
and completionCandy et al., 2020a; Levack et al., 20TBe 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 prefebaseel study was

required.

6.1.2 What was undertaken?

To understand the patient preference for different delivery methods, all patients who
attended thePRclinics at three hospitals in Auckland, were offered the opportunity to
be part of the studyParticipants wergjiven the option of attending the standard PR
programme (centrebased) or to participate inur mHealthPR programme (mBR he
assessment and followp were the same for both programmes. Both programmes
were 8 weeks in duration and involved exercise andmseliagement education.

t | NI A Gtiehdangdw@hithe 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
CentreBased and mHealth Pulmonary Rehabilitation: A-Nderiority Pragmatic

Clinical Trik International Journal of Chronic Obstructive Pulmonary Disd&4&

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, thestudy procedures with support from her supervisors and Dr Rosie
Dobson and PreflssorRobyn Whittaker. She cleaned the data and analysed the
baseline data. Analysis of primary and secondary outcomes was competed by co
author Usman Rashid. The candidatete the manuscript with contributions from all

authors.

Supporting Documents
The following supporting doenents can be found in Appendicg3onsort checklist for

pragmatic trialsConsort checklist for COVID impactsand TIDieRchecklist

The COVH9 restrictions were in place from 17 August to 2 December 2020.
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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.
Differingmodels of delivering PR are emergingn attemptto increase the uptake

and completion ofthis intervention. This studgimedto evaluate participant rate of
attendanceand completion oPR when participants are givarpreference regarding
mode of delivery (catre-based and mHealttmPR)). Secondary aimgreto evaluate
the factors affectingoatient preference for model of delivery and determine whether

MPR isron-inferior to centrebased PR in health outcomes.

Methods

A multicentre non-inferiority preferencebased clinical trialbased in Auckland, New
ZealandParticipants wih a CRDeferred for PR were offered the choice of centre
based or wekbasedPR(mPR). The primary outcome weampletion rate of chosen

intervention.

Results

105 participants were recruited to the study with 4% )opting for centrebased and
38(36%) preferringnPR. Thedds of completinghe PR programmeere higher in

the centrebased group compared to mR&dds ratio 1.90 95% CI [0.831.35])
Participants opting for mPR were significantly younger (p=0.002%igmificantly more
likely to beworking (p=0.0001)Results showed mPR was not inferior to ceriesed
regarding changes in symptom scores (CAT) or time spent in sedentary behaviour
(SBQ)When services were forced to transition to telehealth services during GO8/1D
restrictions the attendance and completion rates were highest with telephone calls
and videeconferencing compared to mRfsuggesting synchronous interactions with

clinicians nay 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 rat@BRwas the preferred

choicefor younger, working participants suggesting mRRy offera viable alternative
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to centrebased PR programmes for some participants, especially younger employed

participants.

6.3 Introduction

Chronic respiratory disorders (CRDs) contribute 7#eglobal burden of disease,
and are the third leading cause of death worldwi{diéaio et al., 2016People with
CRD experience considerable symptom burden including shortness of breath, fatigue,
and reducechealth relatedquality of life(HRQoL)Pulmonary rehabilitation (PR) is an
evidencebased keyinterventionin the management of peopleith CRDandincludes
a structured programme aéxerciseand selfmanagement educatio(Martijn A. Spruit
et al., 2013) It is usually delivered in group sessions twice weekly over-giglets
(Alison et al., 2017)8/stematic review of PR have demonstrated reductions in
breathlessnesgeducal hospital admissions faacute exacerbationand improved
HRQolMcCarthy et al., 2015; Puhan et al., 2QX&)nical guidelines strongly
recommend referral to PR forlgdatients with COPBndincreasing evidence
supportng PR for other CRO#®owman et al., 2021; Pasteur et al., 201D¢spite this,
up to 50% ofpeoplereferred do not attend anaf those attending10-32%fail to
completePR(Keating et al., 2011Knownbarriers to dtendance and completion
includetravel distance transport, iliness, and lack of perceived ben@fi¢ating et al.,
2011)

Mobile health (mHealth), the delivery of healthcare interventions through mobile
devices (phonedablets,and computers), is increasingly considered an optmn
support the management afhronic heah conditions(Dobson et al., 2018; Pfaeffli
Dale et al., 2016)An mHealth PR programme (mPR) was develapezD20 for use in
Aotearoa New Zealand (NZ) context by our tearpudilic health and mHealtaxperts,
physiotherapistsrespiratory physicias psychologists, respiratory nurse specialists,
cultural expertsandongoing input from end uselsee Chapter 4Dobson et al.,
2019; Whittaker et al., 2021T he feasibility of this programme has been
demonstrated for people living with a CRD in NZ.

Patients have preferences for how they receive rehabilitation program(i@kaplin et
al., 2017; Holland et al., 201@pwever an important limitation ifPRclinical trials to

date is that they do not account for patient preferences for mode of delif€haplin
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et al., 2017; Cox, McDonald, Alison, et al., 2018; Hansen et al., 2020; Holland et al.,

2017). Several homdased trialoof PRhave reported low uptake due tiodl NI A OA LI y (
preference for centrebasedPR(Chaplin et al., 2017; Cox, McDonald, Alison, et al.,

2018; Hansen et al., 2020; Holland et al., 20IFgprimary aim ofthis studywas to
evaluateattendanceand completion ratesvhen PR wadelivered via two different

delivery modés (centrebased andnPR)Secondary aims were to evaluate patient
preferences for model of delivegnd to determine iimPR could achieve

improvements in clinical outcomdbkat werenot inferior to centrebased PRvhen

patients chose mPR as their preferred mode of delivery
6.4 Methods

6.4.1 Studydesign

A parallel noarandomised preferenc®asednon-inferiority clinical trial was

conducted at three tertiary hospitals in Auckland, NZ from June to November 2021.
Thetrial was registered with the Australian New Zealand Clinical Tregs®Ry
(ACTRN12621000365864p) ardeived ethical approval from the Health and
Disabilty Ethics Committee (21/NTB/54hd met the principles of the Declaration of
Helsinki

6.4.2 Participants

Patientswho attendedPRclinics at theparticipating hospitalsvere invted to take part
inthe study Bigio A f AG& ONAROGSNAI 6SNBE | 35S aMety &SI NJ
read andunderstand Englishand participants should not have completed PR within
the last yearThe mPR group required access t&tandardmobile phonecapable, 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
describedIf participants gave written consenthey were offered the choice of
intervention delivery model. Baseline assessment was then completadchbgician
blinded topatient preferencePost intervention assessments were completethin
two weeks of intervention endly the attending PR team who were not blinded to

groupallocation
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6.4.4 Interventions:

All participants in bth groupsattended a standard centrbased 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 (mMMRC). All
participantsreceived an eightveekPR programmeconsisting of exercise, education

and behaviour change interventions. The exercise programme was prescribed based
on assessment findings and included aerobic, resistance and balance exercises.
Particiants werenformed they were to exercise five times per week regardless of

group allocation.

Centrebased PR

This followedbest practise guidelineshichwasstandard care at all study sitéslison
et al., 2017) Participants received fage-face group exercisetwice a week
supervised by senior PR physiotherapastd selfmanagement education delived by

a member of thePRteam. Participants were given a hormsed exercise programme
to complete on a further three days per wedkurther intervention details are

described in TIDIER checklistAppendix Y.

Mobile Pulmonary Rehabilitation (mPR)

ThemPRwasbased on standard PR programnaasl met with best practise

guidelines, including a patieftailored intervention based on assessment findrigse
multicomponent intervention was delivered tapicipantsthroughtext messages

(SMS) with or without  optionalweb-based app and wearable sensor (Fitbit or

Withing). Participants were also provided with a paper mamaich included detailed
instructions on how to safely complete each of the prescribed exerciseexgneise
component of the proggammewas €heduledfor five daysper week for the 8veek
intervention and was progressed with weekly increases in duration of aerobic exercises

and numbers of repetitions of resistance exercig&se TIDIER checklist Appendix

Y).

Impact of COVHR9 restrictions
Duringthe study, nationallockdownrestrictions were imposd due to the COVHD9
pandemic andtentre-based services arfdceto-face resears and recruitmentwere

requiredto ceaseAll participants allocated to the mPR arm of the study continued as
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per protocol andhe following protocol changevas thereforenecessary to be
implementedfor those in the centrebased PR arrof the study All participantsin the
centre-based group during the onset of restrictiowere offeredalternativehome-
based optionswhich comprisedeither weekly telphone calls or twice weekly video
conference clags (VC)AIl interventions were interpersonal and synchronous to
mimic being as close to centlmsed PR as possible. All participants in ceb&reed
group attended aninimum of one iRperson session prior to COVID restrictions.
These interventions continued until participantgre scheduled t@omplete their 8

weekPR programme.

6.4.5 Outcomes

The primary outcome wagtandanceand completion which waecorded as a
percentage of the number of sessions offered. Completion was defined as attendance
X70%(Williams et al., 2014)

1. For the centrebased groumattendancewas initially two sessions per week.
However, modifications due to COVIDB restrictionsmeant somecentre-based
participantshad to pivotto receivingweeklytelephone calls otwice weekly
\Y/eoX:]

2. For the mPR group a proxy measure of attendanceuwsasbased on
participants replyingo two SMS per weekl he first askethow many times
participantshad completed their programmend thensecond ifparticipants
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 outcomesere patient preferencgcentrebased or mPRgngagement
with mPR(measured using system recorded dagag.app page views, SMS
sent/received)and clinical outcomes: HRQ&EJ5DVAS)Rabin & Charro, 2001)
symptom scoreQOPD assessmetast (CAT) (Tsiligianni et al., 2012)yspnoea
(Modified Medical Research Scale (IMMRCAunois et al., 2012nd timein sedentary

activities éedentary behaviour questionnaire (SBQ
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6.4.6 Statistical Analysis

Atwo-sample proportion test for noiinferiority was usedo determine the required
sample size to detect a difference between the attendance and completion at eentre
based and mPR. We used a completion raté08b for the centrdbased PRjroup

based on previous research findingzandy et al., 2020bTalculations were based on

a noninferiority 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 noninferiority null hypothesis in terms afdds ratio wasOdds of completion in

centre6 SR t wk hRRa 2F O2 YL} SiA2 0=DgWang w x
& Zhang, 2013)Datawere analysed using IBM SPSS Stati@fmsion 26) and R

environment for statistical computin@feam, 2013) All participants were included in

an intention to treatanalysis regardless of number of sessions attended. As the

proportion of missing values was <5% no imputations vuesed for missing data.
Betweengroup comparisons were analysed with independent samjsstis and chi

square tests. In the primary model used to exsk odds ratioslogistic regression was

used withthe dependent variable of group. The secondary model to depeetlictor

variables used multariate logistic regression with dependerdriablesgroupchoice

and completion of PRAn analysis of cgariancewas used to determine between

group differences after controlling for baseline values. For both primary and secondary
outcomes, one sided neimferiority null hypothesis tests were conducted with a ron
AYFSNAZ2NRGE Y NBA 50.5SThedeinginfdriiyy testsévaluated K Sy Q a
whether the differences betweeoentre-based andnPR were smallehan a medium

effect size as thisorresponds to a clinically meaningful differer{&=daghat, 2019)

These tests evaluated whether the differences between the two interventions were
smaller than clinically meaningful differenc&atistical significance level was set at

0.05 and 0.025 for the twsided and onesided hypothesis tests respectively.

6.5 Results

A total of 129 participants were screened foig@ility and 105ecruited. Participants
were asked their preference fatelivery ofPR 67/105 (64%) selected centiieased
and38/105 (36%)MPR Follow-up assessment was completéat 95/105 (90%)
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participants; 63/67 (94%) from the centlbmsed group, and 32/38 (84%) from mPR

Flow of participants through the study can be seefigure20.

Figure20
Study Flow Diagrantrough thepreferencebasedstudy

Aszeszed for eligibility n =129

Excluded n = 24
Mot meeting inclusion criteria (n=13)
Declined to paricipate (n=5)
Other {n=1)

Selected preferred intervention {n = 105)

Preferred centre-based PR (n=67)

Preferred mPR group (n=38)

Received intervention (n=36)

Received intervention (n=67)
Unwell on assessment (n=2)

Transport (n=3)
Centre too cold (n=1)

COVID affected (n=12)
Declined telehealth (n=2)
Telephone (n = 10)
Commitments (n=2)
Unwell (n=5)
Unknown (n=3)

:

Lost to follow up (n=4)
Declined (n=1)
Unable to contact (n=3)

Total analyzed (n=67)

Note. VC = video conference

Digscontinued chosen intervention k
(n=17) Discontinued chosen intervention
Pre-COVID (n=4)
(n=5) Could not manage technology (n=1)
Unweell (n=1) Unwellhealth reasons (n=3)

Lost to follow up (n=4)
Unable to contact (n=4)

Total analysed (n=38)
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The demographic and clinical characteristics of participants at baseline can be seen in
Table24. Thosewho chose mPR wemggnificantlyyounger (p=0.002and more likely
to be working (p=0.0001)
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Table24
Baseline characteristics of participantsgrgferred intervention. Data are number (%) of

participants unless stated otherwise.

Characteristic Centre mPR P value
(n=67) (n=38)
Gender: Female/Male 41/26 26/12 .?=0.548 (p=0.459)
Age (years), mean (SD; range) 71(9; 4988) 64(11;34-82) t=3.16 (p=0.002)
Ethnicity
an2NA 13 (19%) 6 (16%) .°=0.214 (p=0.644)
Pacific peoples 6 (9%) 7 (18%) .°=2.003 (p=0.157)
European/Othet 48  (72%) 25 (66%) .°=0.392 (p=0.531)
Primary condition
COPD 42 (63%) 22 (58%) .2=0.234 (p=0.629)
Bronchiectasis 12 (18%) 5 (13%) .%=0.404 (p=0.525)
Interstitial Lung disease 6 (9%) 3 (8%) .°=0.035 (p=0.852)
Other* 9 (13%) 8 (20%) .%=1.038 (p=0.308)
Smoking status
Current smoker 10 (15%) 6 (16%) .%=0.656 (p=0.720)
Exsmoker 42  (63%) 21  (55%)
Never smoked 15  (22%) 11 (29%)
Employment status
Employed 6 9 21 (58) .#28.5 (p=0.000)
Not working 59 (91) 15 (42)
Highest education level
Trade or below 42  (63%) 15 (40%) .°=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) 21 (0.9 20 (1.1) t=0.648 (p=0.606)
CAT total, mean (SD) 18.27 (7.6) 188 (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 medicaeésearchcouncil, CAT = COPD assessment test, EQ5D VAS = EQ5D visual
analogue scale, SBQ = sedentary behaviour questionnaire
* Other =Asthma (n=6)postsurgery(n=2), alveolar proteinosis (n=1), OSA (n=8)

Due to a nationaCOVIEL9 lockdown, the planned fage-face followup assessment
wasable to becompletedfor onlythree (4%)centre-based and twq6%)mPR
participants.The remaining participants completed the follayp assessment over the
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telephone Thefaceto-faceelements that were unable to be completed were the 6

minute walk test and one minute sit to stand teBlements 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 completgd@0% of the available sessions

was &% 50/67 (75%) ircentre-based and 2038 (53%) ilmPR Logistic regression

showed the likelihood of completing PR was nearly twice as high if participants were

enrolled in centrebased compared to mPR (odds ratio 1.90 95% CI {4835]).We

were unable to rejecttie noninferiority null hypothesis (Y h RR &

Ndvalug 2 x

-1.446, pvalue = 0.074), and thus we cannot confirm whether riePdble toachievea

completion ratewhich is not lower tharcentre-based. A secondaryodel using multi

variate logistic regression assessed the impact of a set of predictor variables on the

odds of participantgompleting PRTable25) did not identifyany significant predictors

of completion.No multicollinearity existed between variables.

Table25

Multivariate Logistic Regression

Variable Level Odds ratio Ho: Odds ratio=1,
p-value
Choice Centre 1.744 (0.37¢8.2) 0.483
Age Per year increase 1.047 (0.961.14) 0.28
Gender Female 1.17 (0.3344.08) 0.809
Ethnicity Nontra n 2 NRA Kk 0572 (0.1452.27) 0.427
non-Pacific
Employment Working 0.389 (0.77¢1.97) 0.255
Education Trade or lower 0.536 (0.46.0) 0.632
Not stated 1.7 (0.11626.7) 0.682
Exercise tolerance (6MWT Metre 1.0 (0.9951.0) 0.369
mMRC 1.0 (0.5452.0) 0.896

Note: 6MWT= sibminute walk test, MMRC modified medical research council

In the centrebased group13/67 (19%)participants reached the end of

intervention period prior to COVHDO restrictions (preCOVIBEL9 group). When

restrictions were implemente8@4/67 (81%)participants were affected, with two

the
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participants declining telehealth. The remaining 52/67 (78e subsequently give
the choice otelephone calls or VC classes, withi3R (78%) opting for telephone and

11/52 (21%)/C.Attendance rates for botigroups are shown ifigure21.

Figure21

Box and Whisker plot showing attendance rates at PulmoRahabilitation

100
Centrebased
o0
20 mPR
b4
70
&0 %

Sessions attended
n
[==]

Delivery mode of PR

Key:

X = mean

w I 2dzif A
Outlier < Q11.5*IQR

Of the 38 participantsiithe mPRgroup, 3/38 (8%)opted toreceive SMS only3/38
(21%) mPRypp and SMS, and the remainip§/38 (66%) mPRapp, sensor, and SMS
and 2/38 (5%) did not receive the interventiorcofrding to ouma prioridefinition the

completion rate for the mPR group was 53%.

6.5.2 Engagemenin mPR

The mPRpp dashboard was viewed by participants a total of 8,593 times during the
study period andrideos were opened 1,038 timeA total of 39325MSwere sent to
participants (mean per participant = 109.22, rangel®9).0f those who started mPR
33/38 (87%kngagedo some degredresponded to SM%iccessed the app). Of those
registered to use the app, 283 (76%) were still accessing it in week 8, with 63%

respondngto SMS questions at week 8.
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6.5.3 Secondary outcomes

Centrebased prticipants demonsated improvements irdyspnoeasymptom scores
andHRQolwith no changen time spent insedentarybehaviour (SBQable26).
mMPR participantshowed improvement isymptom scoreand reducedime in
sedentary behavioubput did not show improvemergin dyspnoeaor HRQoLStatistical
analysisshowed mPR was natferior to centrebased Pk terms of changes ihealth
status (CATQr time spent insedentary behaviou(SBQ)and thus we could reject the
non-inferiority null hypothesis for these outcomebut we were unable to exclude

non inferiority for dyspnoea mMRCr HRQol(EQ5D)
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Table26

Outcome measures taken at baseline and follow up assessments, mean (standard deviation)

Outcome Baseline Follow up Within group Baseline adjusted between HY a5 x nodp [ 2
difference group mean difference t-value[df], p-value
(MD), 95% ClI
Centre mPR Centre mPR Centre mPR
CAT 18.2(7) 18.9(8) 15.0(8) 15.1(7) 25(6.6) 3.2(6.8) 0.71 [-1.98, 3.4] Ho: MDXX -3.6 t[90]= -3.183, 0.001
mMRC 2109 2011 189 22(0.9 030(1.1) -28(1.1) -0.473 [-0.84,-0.107] Ho: MDXX -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] Ho: MD)XX -13.9 t[91]= -3.074, <0.0014

E®D  63(23) 65(21) 70(19) 64(21) 7.25(25) -19(22) 735 [-0.952, 15.6]
VAS

HY a51Df t91]= -0.899 0.1855

Note. CAT = COPD assessment test, mMMRC= modified mesdieatch council scale, SBQ= sedentary behaviour questionnaBB:\E&S = EuroQol 5 dimensivisual analogue

scale.MD = mean difference ani$ defined as Centre basednPR
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Oneadverse event was reported; a participant in the mPR group felktwidlking,
injuring her shoulder and was unable to complete the intervention but participated in

the follow-up assessmentlo 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 modiie likelihood of completing PR was
nearly twice as high if participants were enrolled in ceissed compared to mRR

even if this centrdbased model were forced tiansition to a telephone/VC model.
Despite this being almost twice as likely to complete in the ceb&reed group, s

was not statistically significant and thus we cannot confirm whether mPR can achieve
the same completion rate aentre-basedPR Ourcentre-based completion rates

similar toa National UK audit ratéSteiner et al., 2015and higher than a previous NZ
audit at our centre where completion rates were 6{@andy et al., 2020a)Ve believe

the forced transition of the centrbasedgroup to telerehabilitatiordue to COVIEL9
restrictions may be a contributor to this higher completion rate of the cebsed

group in our study. Previous honlsed PR trials using telephone calls and VC have
shown higher completion rates than centbased PRHolland et al., 2017; Tsai et al.,
2017)F YR AG KF&A 0SSy &adaA3SaiaSR AdG Aa SkaiasSn
centre(Holland et al., 2017)Ne also believe this to kespecialljthe case in our study,
when thenational COVIBL9 restrictionsrequired people to stay at home thus making
them more available to answer calls. This study has shown whilsb6gé#ticipants
preferred centrebased PR, when foed to transition to telerehabilitatiomodels
(telephone and VC), the attendance and completion rates improved for this group
indicatingthat 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 studgs lower than that of centrdased

(53%v 75%, several factors may have influenced tfiike study was underpowered to
determine non inferiority due to recruitment stopping when national CG13D
restrictions forced the closure of fade-face services. The required sample size of 50
in the smallest group was not achieved with only 38 pardiotp is the mPR groujve

used a proxy measure of attendance to determine completion rates in the mPR group
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requiring participants to rgmond to twomessages per week forBeeks. 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 questiegardingfrequency count

of completed exercisest is inherently difficult to measure engagement with digital
health interventiongdDanaher et al., 2006; Yeager & Benight, 2@if) we are reliant
on either subjective reports or system measyrasch agparticipantsloging which
indicate usage but do not provide information on fidelity to the interventionthis
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 usingapPRWhilst we appreciate the
limitationswith this outcome measurewe are yet to determinaccurate measuresfo
attendance and fidelityvith remotely delivered interventions and thieeds ongoing

consideration.

Previous studies investigating wélased programmes have shown a gradual decline in
usageover time of the interventior(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 he importance of training participants in the use of technol@glyvashmi et

al., 2020a; Vorrink et al., 201&hd the inclusion of technical support to facilitate this
should be considered in any future wofBur mPR programme was designed to be
asynchronous¥ & (-l fy Rigt&v@ntionwith no scheduled cliniciaimteractions and
whilst participants were advised they could contact a clinician through the mPR
wO2y il OonlydigupartidipamtS did sat is possible that adding regular

contact points would establish a therapeutic relationship with the clinicianbev

the potertial to enhance outcomes, dsund in atrial of homebased PR with health
coaching, where high patient adherence and satisfaction was attributed to the
interactions with the physiotherapigBenzo et al., 2018)nterestingly ThéAmerican
Thoracic Societyuggests tha{Holland et al., 202Iegular contact between health

care professionals and the patients was desirable rather than essential
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Our results show that whilst twthirds of participants prefeed centre-based PR, one
third of participants preferred mR, and thain patients who are younger, employed
and living in rural locationsi\PRoffers a useful alternative. Whilst there is limited data
available on the uptake and completion of telerehabilitation in +@alld settings, an
implementation study reported 36% of participants opted for hebhssed PR with
telephone support after declining centfgased(Bondarenko et al., 202Bndour
studysupports this findinglt 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 wererltvan

expected withsignificant improvements seen only foealth statusscores (CAT).

Whilst the centrebased group showed improvementshitiRQol.the mPR group did

not. A metaanalysis of centrdased PR trials has shown improvements in HRQoL
(Lacasse et al., 20QMWith a recent Cochrane revieshowing equivalencan outcomes
between telerehabilitation and centrbased PRICox et al., 2021Hlowever, our trial

along with otherpragmatic trials hae failedto showimprovements in HRQdHansen

et al., 2020; Holland et al., 201 Qur 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 undergoin@OVIBL9restrictions, reductions in physical activity levels and
HRQoL were observdtiume 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 fate-face contact which were imposed by the
COVIBEL9 pandemic Additionally, the inability to recruit to the target sample size due
to COVID restrictions impacted the statistipalver and thus our ability to clearly
demonstrate non inferiority between centdeased and mPRn advantage of the
pragmatic trial design of this study was theadinclusioncriteria reflectingclinical

practise and resulting in low rate of participant declining participation.
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6.7 Conclusion

This trial has shown that whilst centbmsed PR remained the preferred method of
delivery for the majority of patients, mPR was preferred by 36% of participants
referred for PRand appealed to younger participants who are working and may have
found attendance at centrdased programmes challengingttendance and

completion rates were highest in the group who started cefiiesed and transitioned
to telerehabilitation via telephone and videoconferencing during the C&9ID
pandemi¢ suggestinghe opportunty to develop a therapeutic relationship with

clinicians prior to remotely delivered PRy beimportant.
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Chapter 7 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 endiser experiences of the NZ purpose designed mHealth

intervention (MPR).

7.1.1 Why was the study needed?

Capturing the patient experience is important whaeveloping an alternative method
for delivering PRo ensure the intervention ipatient 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 nation&OVIBL9 restriction occurred tirough the study period

making for unprecedented times.

The aims of this studyereto (1) evaluate the satisfactionsability,and usefulness of
MPR by comparing this to centbmsed PRind (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 werased:a participant feedback questionnaire and semi

structured interviews.

The feedback questionnaire was completgdall participants included in the
preference trial(n= 32) The interview was completed with a purposeful sample of

participants from the mPR grouyp=17)

7.1.3 Publication citations

The manuscripwill be submitted to Respiratory Cafellowing 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 frdPmDsupervisorsDr Rosie Dobson
and Prof Robyn Whittaker. She analysed the data with assistanceHi@supervisors

andwrote the manuscript with contributions from all authors.

7.1.5 Supporting Documents

The following supporting documents are included in Agpendces:semi structured

question guide, sampling framewoakd sample of coding manuscri@ad COREQ.
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7.2 Abstract

Background

The efficacy of Pulmonary Rehabilitation (PR) in the management of chronic
respiratory disorders islearly established. To address issues of poor uptake and
completion in traditional centrdbasedPRprogrammesnew models of PRleliveryare
being developedOne model i$R delivered via mobile technologiesHgaalth).
Understanding the endiser experience witthese alternativanodels ismportant to
ensurethey are patientcentred andhave high levels adfngagement. Areference
based clinicalrial was caducted in NZ to assess the attendancompletion, and
preferences of people betweemHealth (mPRand centrebased PRDuring thigtrial

an evaluation of user experiences witPRwasconducted

Aims
Toevaluate 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 prefererduased trial evaluating participant rate of
attendance completion,and preference fodifferent delivery methods for PR (centre
basedor 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 themPRintervention a feedback questionnaire wadministered toall
mPR participantssho completed followup assessmentg=32)to evaluate their
experiences of undertang mPR. A purposeful sample of these participants (n= 17
completed qualitative semistructured interviews to explore more-depth patient

experiences with the mPR programme.

Findings

Participantsundertaking PR via mRBported high satisfaction with mPR and

considered it useful, inclusive, and easy to use. Fellpwnterviews found

engagement with mPR was enhanced by personal convenience, feeling supported and
the feedback providethrough mPRHealth concerns, logistics and CONED

restrictions implemented during the studypactedparticipation for some.
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Key words
Chronic respiratory disordemHealth,patient perspectivepulmonary rehabilitation,

telerehabilitation

7.3 Introduction

Pulmonary rehabilitation (PR) ishaghly effective intervention with clearly proven
benefits inthe managemenbf CROOMcCarthy et al., 2015The Cochrane
Collaboratiorrecommends no further trials of effectiveness are required as the
outcomes are conclusiy@icCarthy et al., 2015pespiteknown efficacyof PR

attendance anccompleion of PR programmeemains a problenfCandy et al., 2020a;
Levack et al., 2012; Moscovice et al., 2019; Rochester et al.,. Z0isgasons fotthis

are multifactorial but include patient related factors and service organisational factors
(Cox et al., 2017; Keating et al., 2011; Lahham & Holland, .2021)

Tderehabilitation is the delivery of rehabilitation services at a distance through the use
of technology(Cox, McDonald, Hill, et al., 20X8)d provides an opportunity to

overcome many of the barriers to attending centrased PRoroviding 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 technolo@ourne 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 cdrased models, however

the small number of studies and large variatiorsindymethods used makes this
conclusion guarde¢Cox et al., 2021Furthermore, the studies includedin2 E  SG | £ C
systematiaeviewshowed challenges in recruiting to telerehabilitation trials
suggestindelerehabilitationmay not be the preferred modality for PR, with between

39% and 80% of patiengxross studiedeclining due to a stated preference for
centre-based(Cox, McDonald, Alison, et al., 2018; Holland et al., 2@t Honcerns

around technological challengéSimony et al., 2019; Tsai et al., 2Q017)

Several qualitative studies have explored the patieatception 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 suppofAlwashmi et al., 2020b; Dobson et al., 2019; Inskip
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et al., 2018; Lahham et al., 2018b; Tsai et al., 20l@®se identified barriersaise
concern that these new delivery modalities may create different barriers to
participation than those with centrbased PR, potentially furthering inequities rather

than increasing access for all participants

In an attempt b increasdahe reach ofPRin NZ we developed mmHealth PR
programme(mPR)which is an individually tailored and theoretically based PR
intervention delivered via idealth The mPR programme has been designed to allow
participationfor everyone regardless of level of digital access or digital liteféos.
essential components of PR are delivered throagimdividualised mPRpp and
personally tailored text messaging. The content of mRBmapped from standard PR
programmes and based on best practise guideli@dson et al., 20173nd is

described in Chapter 4he programme includes exercise prescription consisting of
aerobic, resistance and balance exercises, and strategies to suppemasdigement

behaviour change such as daily text messaging and tips and tools modules.

The patient preference for and attendance at mPR or cehtreed PR was assessed in
a preference based clinical trial, an overview of the participant flow through the trial
can beseenin Figure22. Althoughthe trial investigated the impact of the choice of
modality on attendance, completion, and health outconf€apter §, understanding
participant experiences with interventions is crucial to assist in their evaluation and to

inform improvement.

Thisstudypresents 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
0KS LI NIOAOALI YGQa LISNARLISOGADS I yR
2. to identify factors whictwere reported byparticipantsasimpacting on their

participation in mPR.

7.4 Methods

The study was nested in a preferedgased clinicastudyaiming to compare the
attendance and completion of PR when participants had the choice of how they

received their intervention (centrbased or via mPR), at three tertiary hospitals in
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Auckland, New Zealand. This nested mixed methods study had two-peftedback
guestionnaire and senstructured interviews. Ethical approval for this study was
granted by the HDEC 21/NTB/54 and the study was registered with Australian New
Zealand Clicial Trials Bgistry (ACTRN12621000365864p).

7.4.1 Mixed method approach

The study used an integrated mixed methods de¢@mreswell & Creswell, 2017;
Giddings & Grant, 2006)vhere qualitative data ere analysed following quantitative
guestionnaire analysj$o increase interpretability andllow greater understanding of
the userexperiencgGreene et al., 1989l participantseenrolled in the mPR group
were asked to complete a post intervention feedback questionnaire at the time of the
postinterventionassessment (@veeks).A purposive sample of partgants from the
mMPR groupvasaskedto undertake a sermstructured interview whichdue to COVID

19 restrictionswas completed over the telephone.

Questionnaire

The feedback questionnaire was designed based on-&xstingand currently

utilised questionnaire at a centdeased PR programme ahe of the recruiting sites

the study. Additional questions were included regarding the technology component
The guestionnaire included closed and open ended questions, and included 16 general
feedback and 12 mPR related questions which were piloted in an eadisibility

study (Whittaker et al., 2021(see AppendiX). The questionnaire data&ve collected

and managed using REDCap electronic data capudc&.0. Participants were

informed they may complete the questionnaire via an online link, paper format, or

over the telephone

Semistructured Interviews

The semi structured interviews were conducted withuaposivesample of mPR

participants and used open ended questions, focusing & S LJ- NI A OA LJ y (G Q&
with the intervention. Due to COWI® restrictions, it was necessary that all the

interviews were completed over the telephone. All interviews were completethéy

primary researcherdC). The interviewer wademaleLJK @ 3 A 2 G KSNJ LA ad oA
experience delivering PRhe interviewer was involved in recruitment to the study but

not the ddivery of the interventionTheinterviewsranged from 2@; 50 minutes in
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duration and were completed within four weeks of intervention completion.
Interviews were audigecorded andranscribed verbatim using NViw@nscription
(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 theemistructuredinterviewsbased on a sampling

framework developed by the authors to ensure diversity and representation of

participants, including known barriers to attending @Re Appendi¥). Younger

LIS2 L) ST (K248 6AGK f26SNI SESNDOAAS (2t SNI
(indigenous population of B and Pacific Island ethnicity have been shown to be less

likely to participate in PR programmg@Sandy et al., 2020a@nd it wasconsidered

important to include these participants in the interviews to better understand their

experiences.

Data analysis

All data provided in the questionnaire was-ientified and analysed by aggregation.
Categorical data are reported through counts and percentages. The qualitative data
from the questionnaire was analysed using inductive thematic analysis emphasising

semantic themes antlustrated usingarticipant quoteqClarke et al., 2015)

Allinterview transcripts wer@le-identified andinitially analysed through

familiarisation, exploration, and complete coding by SC. The transcripts were read and
re-read toallow forfamiliarisation 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 aifsge AppendiBB). The codes were then
reviewed andevised as necessary by DT and JR. Patterns in the data were identified
and themes were developed through the process of thematic anglgaske et al.,

2015) Participant quotes are used to explain and substantiate each theme.

Finally, the analysed data from the questionnaire and interviews were wingether
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 mPRIl quotescontained herearose directlyfrom 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
Figure22. Of the129 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 centdeased PR and 386%) opting for mPR.

Figure22

Study flondiagramfor enduser experience study

Assessed for eligibility n =129

Excluded n =24
Not meeting inclusion criteria (n=18)
Declined to participate (n=5)
Other (n=1)

\ 4

y

Selected preferred intervention (n = 105)

A A

Preferred centrebased PR (n=67) Preferred mPR group (n=38)
Received intervention (n=67) Received intervention (n=36)
Unwell on assessment (n=2)

A

Completed Feedback Study
Questionnaire (n=32)
Interviews (n=17)

Of the 3B participants whochose mPR3%(2/38) were not eligible following baseline
assessmeni4% 82/38) completed the questionnairewith 10% (4/83) lost to follow
up and17were selected to complete the sersiructured interview. The data

collection for thequestionnaireand semistructured interviewsoccurred between
August andl DecembeR021. The demographic characteristics of the participants who
chose mPRIlang withthe subgroups ofhe questionnaire and interview participants

canbe seen inTable27.
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Table27

ParticipantCharacteristics

Characteristic MPR Group Questionnaire Interview
(n=39 (n=32 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
anzNRA
Pacific
Smoking status
Current
Exsmoker / never smoker
Living situation
Alone
With family

Working
Working
Not working
Not stated
Diagnosis
COPD
Bronchiectasis
Interstitial Lung Disease
Asthma
Other

25(66%) 22(69%) 10 (59%)
6(16%) 4 (12%) 2 (12%)
7(18%) 6 (19%) 5 (29%)

6 (16%) 4 (12%) 1 (6%)
32(84%)  28(87%) 16 (94%)

8(21%) 7 (22%) 5 (29%)
30(79%) 25(78%)  12(71%)

21(55%) 17 (53%) 7 (41%)
15(39%)  13(41%) 10 (59%)
2 (5%) 2 (6%) 0 (0%)

22(58%) 18 (56%) 9 (53%)
5(13%) 4 (12%) 3 (18%)
3 (8%) 3 (9%) 2 (12%)
6(16%) 5 (16%) 2 (12%)
2 (5%) 2 (6%) 1 (6%)

Note. COPD = Chronic Obstructive Pulmonary Disease

* Other = (postsurgery n=2, protein alveolitis n=ésthma n=},

7.5.1 Usefulness of mPR

Of the 32 patrticipants that completed the questionnaidd,(97%)reported they found

the mPR programme to bésefu When asked to rate how useful the programme

was on a Likert scale from 0 (not useful) to 5 (extremely useful) participants gave a

medianrating of 4.2(IQR ). Participants were asketeir generathoughts about the

programme and the majority2{’/32) described their experience with mPR to be

positive.

GL O2dz Ry Qi

A L LA

0S KIFLIWASNX L FSStf oSGaGS

thought | was going to end up bed ridden and doing those exercises
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SOSNE RI& XAG NBFIffé YIRS YS FSSft
L FSSt a2 YdzOK 0o6Sidid
Ay OS yfénial® B4§rs)
GL GK2dzaAKG Ad o6 &beseftddime. 2 had fored S R
me confidence and made me feel more capable of doing things. | was
wary to attempt things in case | couldn't manage but | can cope better
now. | felt | was doing something to help myself and it motivated me
G2 32 F2Mae7lgdt | ¢ 6 FS
Six percentZ/32) of participantsdescribedhe programme negatively, one of whom
had an exacerbation which required hospitalisatimniting 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 weirgfluential factorswhichimpacted
participation differently across the participants, being an enableistome and a

barrier for others.

Enablers
Several enablers which enhanced participation with the mPR interveatiwerged

from the dataandare discussedelow.

Usability

Data were collected onthe usabilityof mPR througlthe questionnaire (n=32).
Participants were asket rate on alLikertscalehow easy it was to interact with the
mMPR programmeOn a scale dd = very difficult to 5= very eagyarticipants reported
the programme to be very easy to use (@ = 4.8 (range 2b)); and on a scale of
0=did not like to 5=liked very mugthat they liked the look and feel of the mPR
interface(median= 4.6 (range &)). Thedata from thequalitativeinterviews (n=17)

supported the usability of mPR as an enabler to participattzmments included:

G¢KS L) ¢gla AyddAGA®S X AG sl & SI
GARS2a YR OKSOlAYy3a L ¢gta R2Ay3a (K
aLO o1& | 3F322R FLIIX A0 RAR gKIFG Al
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The video exercise demonstrations and the alternative exercise options found in the
mMPR app wereeported as beingparticularlyusefuland helpful for ensuring
participantswere performingthe exercises correctly.
o6 GKS Y2RSt aK2gAy3d GKS SESNOrAaSa
GKFG g1a O022f X YIRS AlG a2 NBFfX KIg

%]
doing it made it a lot more meaningfalfemale 60yrs)

ares, | think it was very easy to use because what it would, teris
is your exercises and there was a reminder on how to do them
Afemale 82yrs)

Interview data did reveal technicahallengegor one participant whicthindered their
ability to interact with the intervention. This resultedtime participantnot receiving a

progression of their exercise programme.

G/ 2dzA R y2a4 3Si
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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 attenda centrebased programmevas
impossiblebecause of work or other commitments. Participants believed mPR offered
them anotherwiseunachievableopportunity.

a4 SAy3a lotS G2 R2 SESNOAAS Ay 26y GA

exercises rather than doing all at once to fit in withvn timetablee
(male 72yrs)

G¢KS 22& 2F GKS LW A& GKFO @
L OFlyQu R2 |0 62NJT L R2 |0 K
Support
A total of 29of the 32 participantsfelt that success with mPRas 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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exercises with my husband KS dza SR KSIF @ASNJ gSAIKG A
(female 71yrs)

Other participantsfelt supported by the reminders they received in the daily text

messagdes.

GThe messages helped me keep my mind on the job, when | got a
message it reminded me to do my exeréigfemale 57yrs)

GAG 61 & fTA1S @2dz KIR | 0dzZRRe@¢ O6FSYI S
Personatontact
Participants hadiiffering views on whether there should be personal contact points
from health professionals within the mPR programr&ame participantgeported not
requiringpersonal contacandreported enjoying the flexibility of completing the
programme in their own schedul@thersreported preferringmore input from a
health care professional
L RAR y20 ySSR lyeéez2yS G2 O2ydal OG YS
26y¢€ OFSYIES TME@NRVU
Gaz2NB LISNEZ2YFf A
SAGKSNI 3A@®S AyOS
72yrs)

> ()

yq N Y2 NB 5ydé
YUADS Ay3a Al 21
Knowledge of Performance

Participants reported the increased selivareness of their performance provided

through mPR was a source of motivation. The features of mPR which were reported as
promoting the most sefawareness included the wearable sensor, ¥g-progres$2

page, and the daily SMS. These were reported as helping to drive behaviour change,

particularly regular exercise habits.

Aol am quite visual, and it is nice to see what | have done and the sit
stand was good to see | have made an improvement and that makes
me want to do bette¢ (female 60yrs)
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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.

Logisticathallenges

Bad weathel(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
COVIEL9 lockdown, resulting in whole householdsrxgeat home, reducing the time
and space available for participants to focus on mPR.

GwSYSYOdSNAY Bavingg KR2GAYSEF PR R2XEA (G X Lldza K
(male 64yrs)

h+LE
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GhdzNJ K2dzaS A& jdzAGS avyl
y2 alLl oS G2 o6S loftS G2
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(6 XoAdF
R2 (UKS S E
Health challenges

Participants reported changes in their health status which impacted their ability to
complete the intervention as prescribed or remdtin disengaging completely. The
health concernsncludedan exacerbation of their primary respiratory condition
resulting in a hospital admission, an exacerbation nbarespiratoryco-morbidity,

and exercise related discomfort.

GThe pain... my arthritic pain made some of them (exercises)
OKI f f $ (fethale/6ByXS)

& 3I23G araoOl YR 0UKSy ¢6Syd Ayd2 KaLAadl
time, and now | am on painkillers for back pairi t (GKS GAYS | yR
R2 Y dxDralé 68yrs)

Impact of COVIEL9

National restrictions associated with COMI®occurred during the study period and

while some participants were able to continue with the programme uninterrupted,

participants experienced challenges which caused participant to disengage
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completely from the mPR programmiarriersreported during the COVHD9
lockdown includedeeling vulnerable when out walking, the difficulty of wearing a

mask whilst exercising and problems associated with extended family being at home.

GLGQAa GKS gt Ay3a X 3F2Ay3 2dzi F2N 5
FNAIKGSYSR 2F YBSHFENKACOIRSE AGA RIZY QX 32
@2dz R2Yy Qi WSS SB3 XS ala (femalé 58PS G Kl y dz
GCAYRAY3I AlG NBFIfte KIFENR G2 6SIFN |
gt 1Ay3e O6YIES ope&NRVU

In contrast, other participants appreciated having mPR during the national lockdown
as theyfelt they had a struttired programme to work throughand more time

available to focus on the programme.

L KI @S R2yS (KS SESNDA&ASE Y2NB 27FaGSy
TME

and structure during COVi@ pé¢ o0 FSY I £ S NA 0

GLG ot a 3A22R (2 KIF@S az2ySa@fde 3 G2
80yrs)

7.6 Discussion

This study used a mixed method design to capture the personal experience of
participating inmPRand found participants were highly satisfied with the flexibility,
convenience, and usabilityf the programmeA key strength of this study was the
inclusion ofthe majorityparticipants in the follomup questionnaireAdditionally, he
experiences and perceptions were obtainiedm participants whdoth successfully
completed the programme as well as those who did not complete. This gave insights
into factorswhich mé&e it harder to complete mobikbased PRrogrammeand into

the challengepatientsface in using technologpcludingin the face of a pandemic

MPR was designed as an alternative method for delivering PR to overcome barriers
faced byparticipantsin attending centrebased programmesndto 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,
particularlyparticipants who would not otherwise have the opportunitye to
commitments Most centrebased services offer classes only within working hours,

limiting participation ér people who cannot attend at the specified timgandy 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 modelgLahham et al., 2018b; Tsai et al., 2016PR 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 @& tieek 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 ofragmenting individuaéxercses on building exercise capacity

and, ultimately, the effectiveness of PR.

OurmPR included twavay messagintp enableparticipantsto be able tocontact

health care professionalajthoughthere was no scheduled personal contact with a
member of the clinical PR teaM/hilst participants were advised they could contact
the clinician at any time, patiennitiated interaction seldom occurrednd tis

mirrors findings from other unsupervised mobile PR program(Besirne et al., 2017;
Chaplin et al., 2017; Simony et al., 2008hilstsomeparticipants inour study did not
feel they needed personal contact, previous studies have shown that health coaching
can enhance the outcomes of tetehabilitation programme¢Benzo et al., 2021)
Providing regular touch points throughout the intervention, either digitally er in
person mayhave 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 frarmember of the PR team.kikown
barrier to attending PR is respiratory exacerbations and becoming u(iesting 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 manne 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 programnighis would have allowed for early
identification and supportor the participant who was unable to progress their

exercise programme due to challenges responding to the text message.

146



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., 20L83tudy
determinedkey enablers which assisted in aiding motivation for participdots,
examplefeeling 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 s{i@ybson et al.,
2018) The benefits of text messagieguld beconsideredalongsideother PRdelivery
methods and malsoadd value to centrdased or telerehabilitation programmes

delivered through telephone or videconferencing facilities.

Earlier formative worko this study (Chapter 4jighlightedthat a lack of peer support
may be a barrier to participation in a mobile based PR prograiiidobson et al.,

2019) however,the currentstudy showed thaparticipants did not feel this a barrier

and thatsupport was received in othevays(e.g.family members, SMSpther

published trials of hombased PR models delivered through telephone calls and video
conferencing haveeported similar finding$Burkow et al., 2015; Holland et al., 2017)
indicating this inclusion of family and friends in the rehabilitation proceas

important feature of alternative models of PR.

COVIEL9, and associated lockdm restrictionshas a significant impact ahe main
trial andthereforeinfluenced the results of this studyhe interviews revealed thabif
many participantghey felt unsettled andrulnerableat this timebecause of their
respiratory condition andearedthey may not survive a COVID infection.
Furthermore, the COVID 19 restrictions forcedfa! interviewsto be completed over

the telephonewhichmay have limited irdepth discussion around some concepts.

7.7 Conclusion

This study has shown thahanHealthPR programme such as mPR prosiaaseful
usable,and satisfactorypption for people living withCRDand has the potential to
increase the reach d?R This study demonstrated key feature of mP# the
flexibility this model allows resulting in those wheported not otherwise béng able
to attend inperson PRand thushaving the opportunity to participaten PR

Furthermore, whilsmPRmay lacksomefeatures of centrebased PR such as thecial
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support of inperson programmexur study foundthe 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 thesiirther enhance participation with the intervention

andinfluenceits effectiveness.
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Chapter 8 Discussion

8.1 Prelude to chapter

Living with aCRDcan be distressing for both people living with the conditiond dmeir
family. PR is aeffective treatment which can reduce the symptom burden and
improveHRQoLThe efficacy of PR is undisputable. Despite thesyeach of PR is
suboptimal withthe numberof people who areeferred, attend or complete PReing

low both in NZ and around the world.

The aim of this thesiwasto design and evaluatan mHealthapplication forPR
specificallyfor the NZcontextin an attempt to address the low reach of PR in N#&

key researclobjectiveswere:

1. To develop an understanding of current pfactises in NZ and how these might
impact uptake and completion.

To identify factors which influence patient participation in telerehabilitation
To developghe content for aNZ baseanHealthPR programme

To evaluate the content for a NZ based mHealth PR programme

a &~ w0 D

To dentify patient preference fodelivery of PR via either centteased or
mHealth delivered PRnd ascertain if allowing participants to choose their
delivery method improvethe rate of attendancet PR.

6. To evaluate enduser experienceof the NZ purpose designed mHealth

intervention (MPR).
This chapteaimsto:

Integratefindings from this thesiand discuss the implications for clinical praeti

and research

8.2 Overviewof thesisfindings

Despite being highly effective, theach of PR is poor withccessuptake,and
completionrates lowaround the world(Holland et al., 2021)There are well known
reasons which include both patient related factorsc(udingtransport andtravel,
gender, ethnicity, and socioeconomic stafuand organisational factofgcluding

location and timing, type girogrammeandwait times) The stimulugor this thesis
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wasto improvethe reachof PRin NZ Our researclprior to this thesiexploredfactors
which prevented participants from completing PR and identified atieicity,and
exercise capacity as independent predictofsion-completion(Candy et al., 2020a)
The survey findings ithapter 2 extended this knowledgby outlining the structure,
content,and organisation of PR services in Blibwing us to have a clearer
understanding of similarities as well as differences across the codigsurvey
provided baselinenformation of how PR services currently operaeross NAnd how
the structure and organisation of servicesght impact widespread access to.RRir
findings that most PRervices offeregust one delery structure- an inperson
programme povided within working hours onhhighlighted the potential for
expanding reach by developing different models of PR. Whilst different models have
been evaluated overseas, no such models have been designeldiated,or

implemented in NZ.

FollowingCOVIBL9 restrictiondamposed shortly after the closing date fBurvey 1,all
servicexeasedaceto-face delivery 6PRproviding an unprecedentedpportunity to
explore how services adapted toishsudderchange in circumstanced second survey
was administeredo the same participantsequesingthey reportany adaptationgo
their serviceas a rasult of the COVI9 restrictions The result showethat 59%
(16/27) services who respondei this second grveycontinued to operatea service
albeit modfied, during national restricbns, withthe majority of respondents
providingthe services via the telephone. Tleisoice of telephondased PRvas
reported asthe patient preference and was attributed to low digital access/amd
literacy.Of those who completed the survey, 31%0/27)intended to keep their
telerehabilitationservice operating as an ongoing option for particifsaafter
resumption offaceto-faceservicessuggesngthat the service providerand patients
identified ongoingbenefitsin providing a telerehabilitation servica&his further
validated our decision to design an mHealth programme with a NZ focus and to

consider the designfaghe mPR programme.

The objective of thescoping review in Chapter 3 was to souccerentliterature
regardingthe uptake, perceptions, aneixperiences of participants ngaging with
telerehabilitation models. fie information gathered in thditerature review wuld

help shage the content development for amHealthPR programmefindings from the

150



scopingreview revealedhat, digital access and literaeyere barriers for many
participants who believe that telerehabilitationwould be outside their capabilities
andthat perceptionis of upmost importancehe waythat telerehabilitationis
marketedto potential participantsmay have a significant impachthe uptake. For
instance someof the perceived barriers to uptake, suchtashnical challengesn

turn, shown to be minor, and thanticipatedlack 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 rewighlighted key

considerations for the development télerehabilitationprogrammesincluding

1. addressing low digital confidence mcludingoptionsthat do not require
complex technical skills

2. using technology which is accessible and familiar to patients, such as mobile
phones and text messaging

3. includingtechnical supporto all participants.

The information frontChapters 2 and 3 led to theontentdevelopment of a mHealth
application for PR in NBy using the mHealth development framewd@Whittaker et
al., 2012)we were able to engage with patients anlihiciansalong the journey and
through an iterative process of testing and modifyidgvelop anntervention to
attempt to meet the needs of our NZ context. The foundation for the first iteratbn
the mHealth application (MPR Migs text messaging (SM&3 this had been shown
to overcome the challenges of device and data acesssell asow digital literacy
The SMS messagingntinued to be an important component of the intervention into
mPR V2as SMS pwided an ideal opportunity for delivering behaviour change
techniques (BCTRupporting long term behaviour changedasoregoal of PR
programmesand BCTs can be useful for helpirgtzipants toincrease physical
activity and exercis@Hanrahan et al., 2021Jhe clinical benefits achieved from
completing PR are often lost over time as patients are unabiedimtainexercise
habits(Spencer & McKeough, 201&)d by incorporating B&linto mPR it was hoped
thiswould supportsustained changes in behaviour and potentially loAgem 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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programmesA longer duratiorSMSprogramme could easily araffordably be set up
to send motivating, encouraging SMS to keep exercisingraidtain the changes in

behaviour.

The keyfindingsof Chapters 5,6 and 7showed thatthe addition ofmPRto centre-

based services has the potential to increase the reach of PR paNicularly to the
groupsmarginalisedn current serviceg-rom the preferencédasedclinicaltrial

(Chapter 6), 36% (38/10%)f participants chose mPfather than centrebased PRand
these wereggenerallyyounger employedpeople who havéraditionallybeen
underrepresented in centr@asedprogrammesThis was an important finding asiio
earlier research showed age was an independent predictor of completion witRR
greate 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 akey objective ofhis thesis was to determine & mHealth delivered PR
programme would improve thattendance and completion of PR in,&termininga
valid and reliable measure of attendanioe an unsupervised mHealth PR intervention
wasinherently challenging. Our proxy measure of attendaimcthe mPR group,
(requiring participants to respond to two key SMS per week regarding their exercise
diary and readiness to progress their exercise programma$, designed to be
comparable to the centrdvased groumattendance measure ansimilar to other
unsupervised PR programntieat measured adherence through activity diaries and
seltreports (Hoaas et al., 2016; Holland et al., 201HApwever, resultfrom the
preference based clinical trial (Chaptériidicateour measureof attendancehad
limitations. Participants were less likely to answeetspecificquestion regardingdow
many timesthe patient completed the exercis&han thegeneralquestion regarding
progressing their exercise. Thpecifioquestionmay have been challenging for
participants if they cold not recall theexercise completioinformation, or

participants may not have wished to shareigfinformation if it was belowthe
recommended frequency. Other wdimsed applications have collected systems and
app usagelatato measure adherencéBenzo et al., 2018; Bourne et al., 2017; Chaplin
et al., 2017; Hoaas et al., 201&uch systemsmeasuresncludethe number of times
participants log into the app or interact with the app. However, whistseapp usage

statistics provide useful information about how often the app is accessedlar to
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the selfreported measure of attendancéhey are not able to provide informationro

if the exercises were completed as prescribéthilst the completion rate in the mPR
group in our study appeared low (53%) from the sefforted measure of attendance
used for this study, integration of findings from the prefere#i@sed clinical trial
(Chapter 6) and the endser experience study (@pter 7), suggested that
engagement with mPR was higher than the completion measures suggsdthps a
measure of adherenc® the programmeand fidelity to the interention shouldbe
whether participants achievelinical benefit. Data from the experiences of emskrs

in Chapter 7 indicateshat most participants engagesheaningfully andeported

health benefits from participation in mPRnd this is supported by the clinically
significant improvements in HRQoL reported in both the cebased and mPR groups
in Chapter 6Further work is required to establish an accurate measure of adherence
and as technology and technical skills advance it is likely innovative amnddtive
measures will become more readily availabbteeally participants would enter a BORG
score on their device at the end of each exercise, similar to a cbased PR

programme, and this data would be readily available to the PR clinician.

Participants reported feeling supported managing their healtbonditionand this
supportfrom camefrom the mPR programmegandfrom family members who became
involved in their programme. This echdawdings from other studief_ahham et al.,
2018b)andindicatesthat people participating in telerehabilitation models can feel
similarly supportedo those attending centrdoased moded. Family support has been
found to have a statistically significaam$sociation wittboth selfcare behaviour and
selfefficacyin people living with COP®Y | NI Y I & P] cePTheimportaicé NI 2 =
of family involvement was ideified in our formative study (Chapter 4jth the

inclusion of family members being identified as a facilitator to participation in
telerehabiltation. This was reinforcem the feasibility study (Chapter 4) by feedback
from both participantsvho hadfamily members involved, artie family members
themselves. Providing famiiembersthe option tobe involvedn the mPR

programme was a unique feature of this PR programme that to best of our knowledge
has notbeen offered ly other webbased 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 C&¥Ipandemic
provided interesting data which warrants further consideration. The grtbapchose
centre-basedPRbut were required tachangeto telerehabilitation (telephone ovideo
conferencingnodels)yet maintainedsignificant engagement wittheir PRprogramme
despite the change of model, and surprisingigtda completion rate higher thathat
previously reportedrom centrebased PRCandy et al., 2020a)Ve believe he forced
lockdown is likely to have influenced thessults, as patients were at home and
available for telephone calls and ¥¢l@sses anéeelingparticularly vulnerable during
the COVIEL9 pandemidecause of their CRD diagnodikisshows patients who had a
preference for centrebased PR, were able to consistently engage with an alternative
model for delivery of PR.he majority of centrébased participants opted for

telephone calls during this tim& his isonsistentwith the findingsin our secondpost
COVIBL9 survey Chapter 2)and similato anotherstudy conducted during the
COVIBEL9 pandemic which reported 75% of partiaigs enrolled in PR who were
required to transition to telerehabilitation (telephone calls or VC classedy,had
access to telephone call&rosbois et al., 2021)hisfurther reinforces the findings of
our scoping reviewhapter 3, suggestinghat having access to the required technical
equipment and the skills to operattgital devicesemainsa significantimitation in

the choiceof telerehabilitation options.

The provision ofechnical support for all participants, regardless of digital liteyay
one aspect of our mPR programme that requires further explorattwaviding this
supportis likely tofurther enhance engagement withll aspects ofhe intervention.
Furthermore,considerationshould be given intexploringthe addition ofregular,
scheduled clinician contact points the intervention Sudies have showpatient
initiated interactions occur less frequentlyan docliniciarinitiated interactions
(Bourne et al., 2017; Chaplin et al., 2017; Skibdal et al., 20#2P)hus investigating
the impact of this on our mPR attendance and completitay be usefulRegular
schedulecclinician contact would allow the developmenttbirapeuticrelationshigs
allowing forprovision ofinformation, motivation,and supportwhich may improve
attendance and completion of mPRor example tiis suggested thaBCT, such agal
setting, providing feedback on performance and discussions around how to overcome

barriersshould be included in the programmidolland et al. (2017) described
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motivational interviewing techniques used during weekly telephone calls to
participants enrolled in homéased PR and showed high adherence to the
intervention and clinical outcomes equivalent to cenbased PR. Qualitative data
from participantsenrolled in home based RBceiving telephone calls report the
communicationhas been shown to beffective increased participation and provide
social supporf{Lahham et al., 2018b$imilarly addinghealth coachingo a webbased
PR programme via weekly telephone chlis been shown teesult inhigh rates of

adherence to the interventiofBenzo et al., 2018)

The keystrength of this programme of researddthe firm clinical foundationso
whichthis workis basedThe candidate has over 20 years clinical experience working
with people with chronic respiratorgonditionsin NZ and this enabledkeyclinical
perspectivesoften specific to N4p be considered throughout. The studigsthis
thesisgenerally useghragmatic desigs that could be adapted to suit the clinical and
home settingsand all provided information useful for development and
implementation of new knowledge in helping peojeNZto access PR servicésr
example, NZ has a culturally diverse plgion and the mPR programme was tailored
to culture including greetings and key messages im 2 dddl Pacific languages, as well
as using a range of patients to reflect the culture, age ilnéss severitpf the group
the mPR programme was designed fire process of developirthe content ofthe
mPR programme was based threory andevidence andised a well developed and
tested framework to ensurend-users were involveth the desigrof the mPR
programmefrom the onset. The framework ensured #erative process whereby the
intervention was repeatedly reviewed and refined to be responsive to patient
andclinicians The design and testing of mPR was completed by a multidisciplinary

team of healthcare and mHealth experts.

Whentesting the mPR programmaea pragmatic approach was takémevaluate

whether mPR would impact upon PR attendance and completion by implementing a
preferencebased 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 prefebaiseel

clinical trials reflects clinical practise and closely mirrors how future interventions

could be implementedMany previousPRstudies useatient cohorts that do not
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always representhe clinicalsetting For example, mny studies exclude patients with
supplemental oxygerthose that usevalking framesandthose withco-morbidities
This reduces the external validity of the studmneakingthem less representative of the
realworld patient populationThe preference study excludealy 19% (24/129) of
participants referred to PR and allowed patidatl decision makinghusproviding

valuable information to PR service providers and funders.

Our necessityto adapt to theCOVIBEL9 pandemic and ational restrictionduring the
period of this programme of study is a major strength of this stddyeadditional
survey(Chapter 2 implemented after COVHD9 restrictions were implemented
utilised an opportunity to gather importaragdditionalinformation and showed how
programmes adapted at short notice to the cessation of cebtsed PR programmes
Likewisethe preferencebased clinical trialGhapter 6 required significant adaption to
protocol dueto the COVIEL9 restrictions butvas able to bexdjusted aml continue,
enablingvaluable information on how services and patieatiapted to the unique
circumstancesThe study ofparticipant experience (Chapter 7) highlighted the impact
of the pandemic andelatedrestrictionson patients and how this affected them
during their engagement with the mPR programrhéis study captured daa through

an uncertain and uniquperiodin history.

8.3 Implicationdor futureresearch

The preferencebased clinical trigthas showrthat adding telerehabilitation to centrdased
PRhas the potential tdncrease the reach of HRNZ Thisstudy hasshownsomepatients
would preferan mHealthdelivered PRrogramme and these were often thosého would
not otherwise be able to attend centdeased PRhus,indicatingthere is a demandor
alternative methods of deliveryurther works should try to elucidate more information
regarding the demographic details of those patients who are eligisland who do or do
not currently access PR. Eliciting reasons foratbendance of eligible participants at all
types/modes of PR programmes could assist in developing more participant friendly PR
options particularly in thosevho arecurrentlyunderservedoy ourPR serviceg.hesurveys
reported inChapter 2 did not capture information on programme capacity or data on
attendance anadcompletion neither did the surveys aim to look at discrepancies regarding
availability of PR services across different communities, ethnicities, orsooimmic

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

156



investigaton. A national audit programme, suchtag series of auditdlational Asthma and
COPD Audit ProgramntdACAPIN England and WaldSteiner et al., 2015bgould provide

valuable data on the reach of services across the whole of NZ and identify potential gaps.

Our studyinvestigating thepreferences of patients for centrdoasedPRor mPR
(Chapter6) illustrated that participant who staed in centrebased PR and pivoted to
telerehabilitationachieved greater thapreviously reportecattendance and
completion at traditional centrdased PRThis suggest there may bearole for

hybrid models of care, such as a shorter cedtased programme with transitioning to
telerehabilitation This may reduceome ofthe burden and expensef attending
centre-based PRor both participantsand health care providersnay increase
availability of centrebased PR placesxdimprove completion outcomed histype of
programme structuravas used in aixmonth interventionin Korea, where
participants completed one month of centlmased PR before randomisation to web
based PR aa controlgroup who received one monthly telephone cdfark et al.,
2020b) In this studyadherence to the intervention was high and this was reflected in
significantclinicalimprovements.The evaluatiorof hybridmodek of PR warrants

further investigation.

A limitationof our research relates to olack ofmeasurenent of changes iself
efficacy The mPRntervention had a focus on building selfficacy through the BGT
incorporaed into the intervention buno outcome measurgas incorporated for the
measurement of changes selfefficacy Whilst planning the protocol for the
preferencebased studyChapter5), we opted not to use too manyutcome measures
due to the increased burden on the participant of completing many questionnaires
remotely. Future studiecouldconsider the inclusion af measureof selfefficacy

such aghe PRAISE tb{Liacos et al., 2019; Vincent et al., 20tdljletermine the

effect of such interventions oselfefficacy

Importantly, future researcrshoul include long term follow upAs defined by
ATS/ER@Martijn A Spruit et al., 201&n essential component of PR is behaviour
change It could be suggested that unsupervidegisedPR programmes such as mPR,
may have more sustained benefitsthgy train the participant to become

independent in theiown exercisgprogramme in their owrenvironment rather than
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reliant on supervision and guidance frantlinicianin an 8week programme.

Behaviour change theory was an important foundation in the content development of
mPR and many BCT were woven into the mPR interveridioa.to time restrictions
associated with study fundingnger term followup of participants was not possihle

but future studiesshould includdonger term follow-up, such & 12 months post

intervention,to determineif mPR can achievaistainedclinicalimprovements

8.4 Clinicalmplications

To address the problem &dw reachof PRwe propose thaservices need to diversify

and offerdiffering options forPR delivery to facilitate better uptake and engagement
We have demonstrated that P§ervices in NZ, prior tilne COVIEL9 associated
lockdown,had only onedeliverymodel of PRand this limited access for some
participants PR serviceypicallyoffered onein-personoption, and that option was

during work hours and often at a busy hospital sithis means thatgunger, working
participantsmay not begiven equitable opportuniesto attend current servicesThis
O2dzLJt SR 6AGK SI NI AGedtbsangquitilile adsE to taveSFie Ay an 2|
development ofnew culturally appropriatanodelsto enable all eligible participants to
engage with PR should be undertaken and investigdfeslich models are mHealth
related then consideration must be giventechnical training and suppqrtata

provision family/peer support and regular scheduled clinician contact pddus mPR
programme is an early prototype that with further refining and developing, such as
translating intoa n 2add 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 dherapeuticrelationship and having regular communication wath

clinician appears to play an important rolelidr NIi A Gdhedenge(agianotivation
(Lahham et al., 2018b; Skibdal et al., 2022k of clinician contagtas reported as a
perceived barrier to telerehabilitation and discussediterature reporting patient
experiences with telerehabilitatioChapter 3) Designing alternative models for
delivering PR must consider this as a crucial element. The recent guidelines outlining
essential components of new PR programrftéslland et al., 20219onsiders regular
clinician contact as a desirable component rather tharessentialone. This is due to

the lack of available evidence to define this contact further (frequexi@ontact
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nature of contacte.g.,supervised exercise or individual health coachifidne

available evidence does suggéstse needdo be clinicianinitiated. Futuredelivery
models ofPRmay consideweekly scheduled clinician contact to overcome challenges
to participationandmaximise 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., 2018p¥uggesting 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) andieset experience

study (Chapter 7) all confirm the importance of family support in PR. Future
programme deelopments should ensure there is a strong focus on building capacity
and opportunity for family anevK n VY, to gitay an important role in the PR

programme.

Many users of PR programmes are olddults who haveeported 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 &teryday livesThe

role of SMs a tool for providing support and delivering behaviour change techniques
in PRshouldbe encouraged The feedback provided in tletudy exploring the

feasibilty of our mPRV1(Chapter 4) along wittend-user feedback from participating

with mPR(Chapter 7 shows that participants found the SMSeful,andthey 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 dBMIS. also
reduces known barriers to digital programmes, including access and digital literacy, as
it is the most ubiquitous of the technologiéSMS could be implemented in any model

of PR, whdter centrebased, telephone calls, VC or wiased.

Improving the perception of PRboth centrebased andelerehabilitation may
improve the uptake of PR, igcusngon the benefits that can be achieved from
participation andenhancingLJl (i A Gnfidefxa in theiability to partakeand achieve
health improvementsThe besway to dothis is not known, buteedback 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 theguld relateto. Utilisinga diverse range of
patientQa U 2 silofek 6f théibiérfefitsNtiey have achieved and their positive

experiences participating from in PR may enhance uptake and engagenteriRR

8.5 Conclusion

Noonemodel for PRuwill fit all potential PR participant®Vhilst many prefer centre
based this is notactical,accessiblegr preferredby everyone and telerehabilitation
models, such as eumPRprogramme, may offer an opportunity for some people to
attend who would not otherwise be able to participafenere are many known
barriers to attending centrdased PR, but equally many barriers etagbarticipation
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 wehave learnt taappreciatemost isthat there will be no one best model and
servicemeedto be adaptable anaffer diversity in delivey of rehabilitationto
increase the reach of PRn ideal PR service would allovilexiblemenu of delivery

options to best suit theneeds and preferences participants
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Appendices

AppendixA. Ethics Survey 1
3 May 2019

DeniseTaylor
Faculty ofHealth and Environmental Sciences
DearDenise

EthicsApplication: 19/119 Characteristics of pulmonary rehabilitation programmes in New Zealand: A survey
current practice

Thank you for submitting your application for ethical reviéempleased to advise that the Auckland University of Technologc
Ethics Committee (AUTEC) approvednethicsapplication at thé& meeting on29 April 2019subject to the following conditions

1. Limit the followrup reminders about the survey to once only;
2. Thedata must be stored with the Applicant;

3. Inthe Introductory email or the Participant Information Sheet please insert the url for the survey to limit th«
and-forth between the researcher and the participants; remove the statement about being semt @lthe surve

from the Information Sheet;
4. Amendment of the Information Sheet as follows:
a /fFNRAFe G(KS ONRGSNRLF F2NJ 6SAy3a GKS woSad L
b. Remove the offer of counselling and the AsS&ement;
c. 5Aa0t2a8 GKS tNAYINE wSaSHNOKSNRa LINRPFSaaa:
d. Ensure complete contact details for both supervisors.

Pleaseprovidemewith a responseo the points raisedn these conditionsindicating either how you have satisfied these point
proposing an alternative approactAUTEC also requirespiesof any altered documents, such as Information Sheets, survey
You are not required to resubmit the application form again. Any changes to responses in the form required by the coimn
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 |
information that has not been made available to the Committee, or atpef the research may not have been fully understoc

Onceyourresponsesreceived and confirmed amtisfyingl K S/ 2 Y [oints, §ydb &ilbke notified of the full approval of yc
ethics applicationFull approval is not effective until all theonditions have been metData collection may not commenantil
full approval has been confirmedf these conditionsare not met within six months, your applicatianaybe closed and a new
applicationwill be required ifyou wish to continue withhis 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

(Yoo

YEGS hQl/ 2yy2N)
ExecutiveManager
Auckland University of Technology Ethics Committee

Cc: scandy@middlemore.co.nz; Julie Reeve
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AppendixB. Ethics Survey 2

21 August 2020

DeniseTaylor
Faculty oHealth and Environmental Sciences
DearDenise

Re:Ethics Application: 19/119 Characteristics of pulmonary rehabilitation programmes in

New Zealand: A survey of current practice

Thank you for youresponses to the conditions for tremendments to your ethics applicatic

The amendment for a second survey to be sent to the samegpaatits, with altered
questions, related to changes made in their programmes in response to COVID 19 is ag

| remind youof the Standard Conditions of Approval

1.

The research is to be undertaken in accordance withAhekland University of Technology C
of Conduct for Resear@nd as approved by AUTEC in this application.

A progress report is due annually on the anniversary of the agrdate, using th&A2form.
A final report is due at the expiration of the approval period, or, upon completion of pr
usingthe EA3form.

Any amendments to the project must be approved by AUTEC prior to being implen
Amendments can be requesd using the EA2 form

Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a
priority.

Any unforeseen events that might affect continued ethical acceptability of the project ¢
also be reported to the AUTEecretariat as a matter of priority.

It is your responsibility to ensure that the spelling and grammar of documents being prov
participants or external organisations is of a high standard.

AUTEC grants ethical approval only. You@sponsible for obtaining management approve
for access for your research from any institution or organisation at which your research |
being conducted. When the research is undertaken outside New Zealand, you need to r
ethical legal, and localitobligations orequirements for those jurisdictions.

Please quote the application number and title on all future correspondence related to thi

project.

For anyenquiriesplease contacethics@aut.ac.nZThe formsnentioned above aravailable
online throughhttp://www.aut.ac.nz/research/researchethics

(This is a computegenerated letter for which no signature is required)

The AUTEC Secretariat
AucklandUniversity of Technology Ethics Committee

Cc:

scandy@ middlemore.co.nz; Julie Reeve
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AppendixC Advertisement for Participants
DearCTSIG members

*RE. Characteristics of Pulmonary Rehabilitation Programmes in Keatand. A survey of
current practise

| amundertaking a research project in the area of pulmonary rehabilitation. This researc
part of my post graduate qualification.

The aim of the survey is to gather a baseline of what current practise ofomalm
rehabilitation looks like, and to see how this has developed over the past decade.

As part of my research | would like to establish whieepulmonary rehabilitation services
are locatedhroughout NZ and to make contact with the lead clinicialdeally, the survey w
include all pulmonary rehabilitation services across New Zealand.

If you lead a pulmonary rehabilitation programme, can you please contact me, or altern:
provide my contact details to your lead clinician for pulmonatatalitation so they can
participate in the survey.

The survey is confidential and no data on individual services will be reported. All data w
collated and reported on as a whole service across NZ. For more information on the res
would bevery 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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AppendixD. Survey 1 PIS

Participant Information Sheet

Date Information Sheet Produced:

04 May 2019

Project Title

Characteristicef Fulmonary Rehabilitation ProgrammesNew Zealand. A survey of current prac

An Invitation

I would like to invite you tarticipate 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
2019.

The survey is voluntar{nly one response per PR programmeeiguired. The programme
coordinator or lead clinician should complete the survéfe survey will be able to provide the
most useful information to this field of knowledge if we can include as many of the current ser
as possible in the survey.

Yourresponsesvill be confidentialnd no personal details will be used. You will not be identifie
personally.

This survey is part of gpgraduate study for my post graduagealification through AUT.

What is the purpose of tlis researcl?

This survey is beg conducted to establish a baseline of the characteristics of pulmonary
rehabilitation programmes in New Zealand. It will aim to identify is service provision is meetir
demand. It will also look at how services have evolved in the past decade indEmnevision,
distribution, utilisation, conditions seen and delivery of programmes.

Howwas lidentified and why am | being invited to participate in this researgh

All PR seiiges in NZ that meet theefinition ofa pulmonary rehabilitation programmaill be
invited to participate in the surveyrhis inclusion criterion includes;

The programme includes a physiotherapist or exercise physiologist
Is a minimum of @ 8 weeks in duration

Includes functional metrics ¢g 6 MWT)

Includes a measure of health related quality of life

Includes exercise and educations.

arwNPRE

The quality of the information will depend on as many services as possible being included.

You have been identified as a pulmonary rehabilitation coordinatdey person for your PR
service.

179



How do | agree to participate in this research?

Your participation in this research is voluntary (it is your choice) and whether or not you cht
participate will neither advantage nor disadvantage you. You aretabhéthdraw from the study ¢
any time. If you choose to withdraw from the study, then you will be offered the choice be
having any data that is identifiable as belonging to you removed or allowing it to continue to b
However, once the findingsave been produced, removal of your data may not be possible.

If you are willingly to be part of the @y, please return this email with confirmation you
interested in participating.

What will happen in thsresearct?

The survey can be found on the following link;

Alternatively, you can send an email to me and | will forward the survey link tahiirst section
of the survey includes you providing consent to be part of the researbkesurvey will take
approximately D minutes to complete. There is no work required prior to completing the surwv
Many of the questions will give options foremers and space will be available if you wish to prc
more information. If you have any questions, you are welcome to contact me at any time.

Once all data is collated you will be sertirgef research reportf requested

What are the discomforts andisks?
There are no risks with completing this survey
What are the benefit®

This survey will contribute towards nppst graduate qualification.

The benefits to this researcare the ability to see what current practise looks like
in NZand how this haslanged 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 interventifam 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 amdiivdual
service or programme will be reported on

What are the costs of participatingn this researct?

The only cost to participation will be the time taken to complete the survey.

What opportunity do | haveto considerthis invitation?

Two weeks

Will | receive feedback omhe results ofthis researct?

Abrief research report will be completed and sent to yibtequested This will be prior to
publication of results.
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What do | do ifl have concerns about this research?

Any concerns regarding the nawiof this project should be notified in tHast instance to th
Project Supervisor,

Dr Denise Taylar Dr Julie Reeve

Concerns regarding the conduct of the research sthe! notified to the ExecutivBecretaryof
AUTECY I G S h Gethids@aliRabliiz 9219999 ext6038

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future ref
You are also able to contact the research team as follows:

ResearcheContact 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
AUTNorth Campus AUTNorth Campus
09 921 999@xt 7085 09 921 9999 ex®680

Approved by the Auckland University of Technology Ethics Committe biMay 201AUTEC Reference numt
19/119.
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AppendixE Survey 2 PIS

Participant Information Sheet

Date Information Sheet Produced:
20 Augusk020
Project Title

Characteristicef Puimonary Rehabilitation Programmas New Zealand. A survey
practisein response to COVID 19.

An Invitation

Thank you for completing the survey on the characteristics of your pulmonary
rehabilitation servicel would like to invite you to participate infallow uponline
survey toidentify how servicehave changed in response to COVID 19.

The survey is voluntg Only one response per PR programme is requitedally, the
same person who completed the first survey would complete the follow up surve
this is not possible, then the lead clinician or palmary rehabilitation ceordinator
would complete the followup questions.The survey will be able to provide the mo:
useful information to this field of knowledge if we can include as many of the cur
services as possible in the survey.

Your responsewill be confidentiabnd no persnal details will be used. You will no
be identified personally.

This survey is part of gbgraduate study for my post graduagealification through
AUT.

What is the purpose of tis researcl?

The purpose of this survey is to identify how PR services bhanged in respse to
COVID 19. This will be compared to the characteristics s€Ries identified in the
previous survey in 2019.

How was | identified?

You were identified because you completed an earlier survey ochheacteristics of
PR services in NZ and gave approval for this.

How do | agree to participate in this research?

Your participation in this research is voluntary (it is your choice) and whether or n
choose to participate will neitheadvantage nor disadvantage you. You are ab
withdraw from the study at any time. If you choose to withdraw from the study,
you will be offered the choice between having any data that is identifiable as bels
to you removed or allowing it to etinue to be used. However, once the findings t
been produced, removal of your data may not be possible.
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If you are willingly to be part of the wtly, pleasesignthe consent form attachednd returr
this to me. You can scan or photograph the consert ig@turn, or you can copy the conte
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 thsresearcl?

If you are happy to be part of the researgiou 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 researc
Thesurvey will take approximately0lminutes to complete. There is no work required p
to completing the survey. Many of the questions will give options for answers and sp:
will be available if you wish to provide more information. If you have any questions, y
welcome to contact me at any time.

Once all data is collated you will bensea brief research reportf requested

What are the discomforts and risks?
There are no risks with completing this survey
What are the benefit®

This survey will contribute towards nppst graduate qualification.

The benefits to this researchre to seehow services adapted and
responded to the COVID 19 pandemic and how this has changed the
delivery of PR in NZ'he information may also inform the development of
telehealth services in NZ in response to the needs oPRservices.

How will myprivacy 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 pdicipating in thisresearct?
The only cost to participation will be the time taken to complete the survey.
What opportunity do | haveto considerthis invitation?

Two weeks

Will | receive feedback oithe results ofthis researct?

Abrief research report Wi be completed and sent to yatirequested This will be prior to
publication of results.
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What do | do ifl have concerns about this research?

Any concerns regarding the nature of this project should be notified irfitsiinstance
to the Project Supervisor,

Dr Denise Taylar Dr Julie Reeve9 921 9680

Concerns regarding the conduct of the research sthdaé notified to the Executi
Secretaryof AUTECDr Carina Meare®thicg@aut.ac.nz 9219999 ext6038

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your
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
AUTNorth Campus AUT NorthCampus
09 921 999@xt 7085 09 9219680

Approved by the Auckland University of Technology Ethics Committe b\ugust
AUTEC Reference numb#®/119.
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Appendix. Survey 1 Questions

Confidential
Page 1 of 20

Pulmonary Rehabilitation New Zealand National Survey

Thank you for taking the time to provide information about your pulmonary rehabilitation programme.

Your responses will help us to develop an accurate baseline of what current practise for pulmonary rehabilitation
looks like in New Zealand. The information you provide will contribute to collective data, but no individual
programme will be identifiable. The survey is a stocktake of current services and no comparison will be made
between services. The responses will be kept confidential.

Please answer all questions to the best of your ability. Questions can be skipped if the details are unknown, but
please answer as many questions as possible. The survey can not be saved and needs to be completed in one
sitting.

The survey will take approximately 20 minutes to complete.

Consent questions;

| have read and understood the information provided about this research project in the Information Sheet dated
March 2019.

| have had an opportunity to ask questions and to have them answered.
| understand the answers | complete in the survey will be stored and collated.

| understand that taking part in this study is voluntary (my choice) and that | may withdraw from the study at any
time without being disadvantaged in any way.

| understand that if | withdraw from the study then | will be offered the choice between having any data that is

identifiable as belonging to me removed or allowing it to continue to be used. However, once the findings have been
roduced, removal of my data may not be possible.

9019—06—22 17:17:18 y ¥ P www.projectredcap.org ‘hE Dcap
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| agree to take part in this research.

Thank you!

Consent

| agree to take part in this research study ) Yes
) No

Thank you for your time.

Do you currently run an exercise based rehabilitation O Yes

programme for people with chronic lung conditions? O No

Thank you for your time
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Confidential

Page 3 of 20

Section One.

This section relates to the set up of your programme.

1.1 Please describe which professional group you belong
to?

(O Physiotherapist

() Exercise Physiologist
() Nurse

() Other

1.1b Other (please specify)

1.2 Who funds your pulmonary rehabilitation programme?
(tick all that apply)

[] DHB (District Health Board)

[] PHO (Primary Health Organisation)
[] NGO (Non-Government Organisation)
[ Mixed Funding

[ Health Insurance Provider

[ Self Funded

[J Unsure

[ Other

1.2b Other (please describe)

1.3 Please describe who is the provider of the pulmonary
rehabilitation programme?

[] DHB (District Health Board)

[] PHO (Primary Health Organisation)

[1 NGO (Non- Government Organisation)
[J Partnership

[ Private Clinic

[] Other

1.3b Other (please specify)

1.4 Is your pulmonary rehabilitation programme a group ) Yes

programme? () No (individual)

() Both
() Other

1.4b Other

1.5 Are all the pulmonary rehabilitation programmes you () Same site

offer run at the same site or different sites?

() Different sites

1.6 Where are your programmes held? (Please tick all
that apply).

2019-06-2217:17:18

[ Hospital inpatient

[] Hospital outpatient
[J Community site

[] Marae

[ Church

1 water based

[ Private practise

[ Home based

[ Telerehab

[ Other (please specify)

WWw.projectredcap.org &E Dcap
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Confidential

Page 4 of 20
1.6b Home based (O Supervised
(O Unsupervised
1.6¢ Telerehabilitation (tick all that apply) [] Text Messaging
[ App Based
[ Video Conferencing
[ Exercise Video
[ Phone calls
[] Other (please specify)
1.6d Water based () Hospital Pool
(O Community Pool
() Other (please specify)
1.6e Other (please specify)
1.7 What would be the longest travel time for people to (O < 30 minutes
attend your pulmonary rehabilitation programme? (O 30 - 60 minutes
(O > 60 minutes
1.8 Is your programme a rolling (continuous) or block (O Rolling
(set start and finish date) programme (O Block
() Other
1.8b Other (please specify)
1.9 How many times per week do people attend the () Once Weekly
programme? (O Twice Weekly
() Thrice Weekly
() Other
1.9b Other (please specify)
1.10 Please state how many weeks the programme runs for? ) < 6 weeks
() 6 -8 weeks
(0 9-10 weeks
) > 10 weeks
() Other (please specify)
1.10W0ther (please specify)
1.11 When do you offer your classes? (please tick all [ Normal working hours (0800 - 1700)
that apply). [] Before work ( < 8 am)
[ After work ( > 5 pm )
[ Weekends
[ Other
1.11t0ther (please specify)
2019-06-22 17:17:18 www.projectredcap.org ﬁEDCap
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Confidential

Page 5 of 20

1.12 Please describe the content of your programme?

(O Exercise only

(O Education only

(O Exercise and group education

(O Exercise and individual education

(O Other
1.12tDther (please specify)
1.13 Can you please select the respiratory conditions you [] COPD
would enrol in your programme? (tick all that apply) [ Asthma

[ Bronchiectasis

[ Interstitial Lung Disease (ILD)
[ Obstructive Sleep Apnoea (0SA)
[ Lung Cancer

[] Prehabilitation

[J Post Lung Surgery

[J Other (please specify)

1.13tther (please specify)

1.14 Is your exercise rehabilitation programme a multi
condition rehabilitation programme? (i.e for other
conditions not just respiratory)

O Yes
O No

1.14Please describe the conditions seen in your programme

1.15 Does your programme offer any of the following
adaptations for people of different cultural
backgrounds? (please tick all that apply)

[ Single culture class only
[] Translators [ Interpreters available
[] Booklets / handouts in different languages
[ Education sessions in different languages
[ Location of programme adapted to cultural needs (
e.g Marae)
[ Programme delivery adapted to different cultures
[ Programme supervisors from own cultural backgrounds
[ Other
[ None

1.15WWhich cultures do you provide individual classes for?

1.15dhich languages do you interpreters/translators
available for?

1.15dWhich languages do you have written resources
available in?

2019-06-2217:17:18

REDCap
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Confidential

Page 6 of 20
1.15dVhich languages are your education sessions available
in?
1.15fWhich locations?
1.15@lease describe
1.15Which cultures are your staff/supervisors from?
1.15iPlease describe
1.16 Who refers to your progamme? (please select all that [ Self referral
apply) CI1GP
[] Respiratory Physician
[] Other Medical Officer
[ Physiotherapist
[ Other Allied Health
[ Nurse
[ Other (please specify)
1.1610ther (please specify)
1.17 Please list the different people who are directly [ Nurse
involved in the DELIVERY of your pulmonary [ Exercise physiologist
rehabilitation in your centre (please tick all that [ Physiotherapist
apply) [ Doctor
[1 Dietician
[ Health psychologist
[ Occupational therapist
[1 Health care assistant
[ Fitness instructor
[ Peer support worker
[J Volunteer
[] Other (please specify)
1.17tDther (please specify)
1.18 Does your programme have a minimum staff : patient ) No
ratio for exercise training? Ol:<4
0O1:4-6
O1:7-9
(1:10 or more
(O Other (please specify)
2019-06-2217:17:18 www.projectredcap.org hE DCap
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Confidential

Page 7 of 20
1.18t0ther (please specify)
Confidential
Page § of 20
Section Two
This section relates to the participant assessment.
2.1 Do participants attend an individual assessment prior O Yes
to starting the programme? O No
2.2 Do participants complete an assessment at the O Yes
completion of the rehabilitation programme? O No
2.2b Please describe your programmes definition of
completion of the programme (e.g, attended > 75% of
classes or minimum 12)
2.3 Do participants attend a follow up assessment after O Yes
the programme is complete? ) No
2.3b When does the follow up assessment occur? (O < one month after completion
(O 1 - 3 months after completion
(O 4 - 6 months after completion
(O > 6 months after completion
Confidential
Page 9 of 20

2.4 Aerobic Tests

Please select the tests from the list below which you use in an assessment for your exercise
program. Please tick if tests are used Pre (before starting PR), Post (after completion) and at

follow up if this is applicable. Choose as many as apply.

Pre rehab Post rehab Follow up (> 1 month post
programme discharge)

6MWT

ISWT

ESWT

5 rep sit to stand (5RSTS)

One minute sit to stand (1MSTS)
Other

OoOooooOoo
OoOooooOoo

OoOooooOoo

Other pre rehab exercise test (please specify)

Other post rehab exercise test (please specify)

Other follow up exercise test (please specify)
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Confidential
Page 10 of 20

2.5 Other Exercise Tests

Please select the tests from the list below which you use in an assessment for your exercise
program. Please tick if tests are used Pre (before starting PR) Post (after completion) and at
follow up if this is applicable. Choose as many as apply.

Pre Rehab Post Rehab Follow Up (= 1 month post
programme discharge)

Balance Tests | | |
Upper Limb 1RM O O O
Lower Limb 1RM O O O
Upper Limb 10 RM | | |
Lower Limb 10 RM O O O
Other O O O
None | | |

Which balance tests are used?

Other exercise tests pre rehab (please specify)

Other exercise tests post rehab (please specify)

Other exercise tests at follow up (please specify)
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Confidential

2.7

2.8

Page 11 of 20

2.6 Health Related Quality of Life

Please select the QOL questionnaire which you use in your program. Please select each time

the test is repeated if applicable.

Pre Rehabilitation (tick all
boxes which apply)

St George Respiratory O
Questionnaire (SGRQ)

Chronic Respiratory Disease
Questionnaire (CRDQ)

COPD Assessment Tool (CAT)
Short form 36 (SF 36)
EQSD

Chronic COPD Questionnaire
(CCQ)

None
Other

od oooog O

Post Rehabilitation (tick all

Follow up (> 1 month post
boxes which apply) programme discharge)

O O

od oooog O
od oooog O

Other quality of life measure pre rehab (please
specify)

Other quality of life measure post rehab (please
specify)

Other quality of life measure at follow up (please
specify)

Do you use an anxiety and depression measure?

O Yes
) No

Which measure of anxiety and depression do you use?

Do you use a tool to measure dyspnoea?

O Yes
) No

Please describe dyspnoea tool used

2019-06-22 17:17:18

REDCap
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Confidential

3.1

3.2

3.3

3.4

3.5

Page 12 of 20

Section Three.

This section relates to the exercise component of your programme.

Do participants attend supervised exercise sessions?

O Yes
O No

How often do your participants attend supervised
exercise sessions?

(O One weekly
O Twice weekly
() Thrice weekly
() Other

Other (please specify)

What equipment does your programme routinely use for
exercise sessions? (tick all that apply)

[] Stationary bicycle
[ Treadmill

] Weights machine
[] Rowing machine
] Arm rowers

[] Ground walking
[] Free weights

[ Theraband

[ Stairs

[] Stepping boxes
[ Stepping machine
[ Swiss balls

[] Other (please specify)

Other (please specify)

Do you have facilities for people to exercise on ) Yes

oxygen? ) No
() Other

Other (please describe)

Do you have the facilities to exercise people with ) Yes

non-invasive ventilation [ assisted ventilation? ) No
(O Other

2019-06-22 17:17:18

www.projectredcap.org
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Confidential

Page 13 of 20

3.6 Prescribing and supervising exercise

Please select which members of the team from the list below are primarily responsible for

prescribing a participants exercise program, and who is involved in supervising participants

during exercise.

Prescribing Exercise (tick all that apply)

Physiotherapist
Nurse

Exercise physiclogist
Personal trainer
Health care assistant
Peer support worker
Volunteer

Other

ooooOoooao

oooooood

Supervising Exercise (tick all that apply)

Other people prescribing exercise (please specify)

Other people supervising exercise (please specify)

3.7 How is the starting exercise intensity prescribed?

[ Exercise test (6BMWT, ISWT)
[] Patient symptoms

[] Set time for class (e,g 5 minute stations)

[] None
[] Other (please specify)

Other (please specify)

3.8 What types of exercises are routinely prescribed?
(tick all that apply)

[ Aerobic

[1 UL Resistance

[ LL Resistance

[J UL Endurance

[ LL Endurance

[ Stretches

[ Balance exercise

[] Other (please specify)

Other (please specify)

3.9 What is the duration of each exercise session?

() < 20 minutes
(O 20 - 30 minutes
() 35 - 45 minutes
() 50 - 60 minutes
(O > 60 minutes

3.10 Are participants asked to complete a home based
programme in addition to the supervised programme?

2019-06-22 17:17:18

O Yes
(O No

www.projectredcap.org

REDCap
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Confidential
Page 14 of 20

3.10ls the home exercise programme monitored? O Yes
) No

3.10How is the home exercise programme monitored (e.g
activity diary, fitness tracker )?

Confidential

Page 15 of 20

Section Four.
This section relates to the education component of your programme.

4.1 Does your pulmonary rehabilitation programme include O Yes
education? () No
4.2 s this group based education? (O Group
() Individual
() Both
(O Other

Other (please specify)

4.3 How many education sessions per week? (O Once
O Twice
() Thrice
() Other (please specify)

Other (please specify)

4.4 How is the education delivered? e.q, face to face,
video, data show etc. (please describe)

4.5 Does your programme include any outcome measures ] LINQ (Lung information needs questionnaire)
specifically for education? [ Bristol
[] Other (please specify)
[] None

Other (please specify)
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Confidential

Page 16 of 20

Section Five.

This section relates to Maintenance and Support Groups.

Maintenance groups provide ongoing exercise.

Support groups are non-exercise groups which meet on a regular basis.

5.1 Are there maintenance programmes in your area that O Yes
you can refer people to at the end of your pulmonary ) No
rehabilitation programme? () Unsure
5.1b Do you feel there is a need to establish a O Yes
maintenance programme in your area? ) No
5.1c Please describe maintenance requirements?
5.2 Do you refer participants to a maintenance programme O Always
at the end of your programme? () Sometimes
(O Never

5.2b What are the criteria for referral to maintenance
programme?

5.3 Please select the maintenance programme you refer to?

[ Maintenance follows on at same centre
[] Green Prescription

[ Never too old

[1 Sing your lungs out

[] Other (please specify)

Other (please specify)

5.4 Do you refer participants to a support group in your
area?

[ Yes - all

[] Yes - some

[] No - there is no support group available

[ No - the support group is not suitable

[ No - | do not know of any support group in area

5.5 Do you have a minimum time period before you will
accept a referral for a participant who has already
completed your programme in the past?

) No

O Yes- < 1 year

() Yes 12 - 18 months
) Yes 18 - 24 months
(O Never re-enrol

() Other (please specify)

Other (please specify)

2019-06-22 17:17:18
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Section Six.
This section relates to your programme demand and capacity.

6.1 Is there a walting list for people to join your O Yes
programme? ) No

6.1b Please estimate your current waiting time

6.2 Do you have a priority system for new referrals? O Yes

(O No

6.2b Please describe the priority system (e.g recent
hospital admission, based on severity..)

6.3 What is the maximum number of participants you will
accept in each class?

6.4 Is your programme currently meeting demand/capacity O Yes
in your area? ) No
() Unsure

6.4b Please comment

6.5 Do you use technology to support your rehabilitation () Never
programme delivery? (0 Sometimes
O Always

6.5b Would you like to use technology in your programme?
If so, what are the barriers to using technology?

6.5¢ Please describe the technology used? (select all the [] Text Messaging
answers that apply) ] Emails
[] Videos
] Mobile Apps
[ Other

Other (please specify)

6.6 Do you complete an annual service audit of your PR O Yes
programme? (O No
() Other

6.6b Other (please describe)

2019-06-22 17:17:18 www.projectredcap.org
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6.6¢ Please select the type of data that you audit? (tick
all the boxes which apply)

[] Referral rates

[] Attendance rates

[] Completion rates

[ Demographic data (e.g gender, age)
[ Ethnicity data

[ Primary pathology and severity data
[ Hospital readmission data

[] Other
Other (please specify)
6.7 Do you gather any formal participant feedback from O Yes
your PR classes? (e.g patient satisfaction surveys) O No

6.7b Please describe how this feedback is provided?

6.8 Is there anything you would like to do differently in
your current programme?

6.9 Do you wish to add any comments about pulmonary
rehabilitation that have not been covered here?

Confidential
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Further Information.

If you provide your name and details in the following section, this will not be linked to your

survey responses.

Would you be interested in being part of further O Yes

research in pulmonary rehabilitation? ) No

Please provide your name and contact details for

further research.

If we require further information, would you be happy O Yes

to be contacted? O No

Please provide your name and contact details (email

address and phone number) if further information is

required.

Would you like a copy of the research report? O Yes
) No

Please provide email address for research report.
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Thank you very much for taking the time to complete this survey.

Sarah Candy

Pulmonary Rehabilitation Coordinator, CMDHB
MPhil Student, AUT University

tel. 0274363116
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AppendixG. Survey uestions

Confidential
Pulmonary Rehabilitation Survey
Page 1l of5
PR survey 2
Participant ID
Consent

| agree to take part in this research study

) Yes
O No

Thank you for your time.

Section One.

This section relates to how your services changed during COVID 19 Level 3 & 4 lockdown

Has there been any changes in the funding of your PR
service in response to COVID-197
(please describe)

Has there been any changes in the staffing of your PR
service in response to COVID-197 (eg. staff being
deployed to other services) please describe.

Please indicate which of the following best describes
what your PR programme looked like during level 3/4
lockdown. (you may choose more than one answer)

] Home based telephone support

[ 1 Home based video-conferencing support
[ No PR

] Other (please describe)

Other (please describe)

Please describe the content of your programme during
Level 3 /4 lockdown?

(O Exercise only

() Education only

() Exercise and group education

(O Exercise and individual education

() Other
Other - please describe
During COVID-19 restrictions did your PR service ) Yes
continue to prescribe and monitor exercise programmes? O No
Which modality was used for the assessment? ] Telephone

] Video conferencing
[] Face to face (prior to COVID-19 restrictions)
] Other

Other (please describe)

During COVID-19 restrictions did participants receive
an individual assessment prior to starting the
programme?

2020-06-12 09:15:15

) Yes
O No

www.projectredcap.org
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Page 2 of 5
How was exercise capacity assessed? ( you may choose [ Sit to stand test
more than one option) [ Walk test
[J Symptom limitation
[ Functional capacity
[] Step count
[] Other
Please describe walk test used?
Other (please describe)
Did you need to alter your inclusion and exclusion ) Yes
criteria during this time? (O No
Please describe?
What modalities were used for exercise prescription [] Telephone consultations
during COVID-19 restrictions? [] Video-conferencing
[ Email exercise programmes
[] Paper material
[ Other
Other (please describe)
Which modalities were used for monitoring and [ Telephone consultations
reviewing of exercise programmes during COVID-19 [ Video-conferencing
restrictions? 1 Email
[] Paper information
[ Step counts
[ Other
How frequently was the exercise programme monitored () More than once per week
or reviewed? () Once per week
() Once per fortnight
() Once per month
(O Other
Other (please describe)
Has the delivery of education at your PR programme O Yes
changed in response to COVID-19? O No
Please describe how this has changed?
2020-06-12 09:15:15 www.projectredcap.org “EDCap
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Section Two

This section relates to how your PR services are operating currently.

Will you be re-instating your pre COVID-19 PR
programme structure after restrictions have lifted
and it is safe to do so?

[ Yes - will be recommencing with the same structure

[ Yes will recommence same program structure plus
the addition of telehealth options

[ Unsure at this time

[ No - different structure (please describe)

[ Other

No - different structure (please describe)

Other (please describe)

Please describe how you anticipate the content of
your programme to look for the remainder of 20207

() Exercise only

(O Education only

(O Exercise and group education

(O Exercise and individual education
() Other

Other (please describe)

Section Five.

Has the COVID 19 lockdown had an impact on your wait

list? Please describe

Please estimate your current waiting time

Has COVID-19 had a significant impact on your wait
list for PR? (please describe)

Is there anything you would like to do differently in
your current programme?

Do you wish to add any comments about pulmonary

rehabilitation that have not been covered here?

2020-06-12 09:15:15
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Please tick which region your programme is based (O Northland
) Auckland
() Waikato
() Bay of Plenty
() Gisborne
() Hawkes Bay
() Taranaki
() Manawatu - Wanganui
(O Wellington
() Tasman
() Nelson
(O Marlborough
(O West Coast
(O Canterbury
() Otago
() Southland
() Other

Other - please describe

Further Information.
If you provide your name and details in the following section, this will not be linked to your
survey responses.

Would you be interested in being part of further ) Yes
research in pulmonary rehabilitation? O No

Please provide your name and contact details for
further research.

If we require further information, would you be happy ) Yes
to be contacted? O No

Please provide your name and contact details (email
address and phone number) if further information is

required.
Would you like a copy of the research report? O Yes
O No
Please provide email address for research report.
2020-06-12 09:15:15 www.projectredcap.org &E DCap
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Thank you very much for taking the time to complete this survey.

Sarah Candy

Pulmonary Rehabilitation Coordinator, CMDHB
PhD Candidate, AUT University

tel. 0274363116
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AppendixH. Scoping Review Study Protocol
Study Protocol What are the factors which influence participation in

telerehabilitation ¢ A scoping review

Abstract

Objective:The objective of this scoping review is to understand the extent and type of
evidence in relation tohe 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 ceitased PRCox, McDonald, Alison, et
al., 2018) Telaehabilitationhas the ability to overcome many barriers to cenbased
PR What is not understood are the patient related factors which influence

participation in teérehabilitationprogrammes.

Inclusion criteria:The review will include articles which explore the patient experience
r attitude towards participating in telehabilitation This includes RCT, r®CT trials,
observation studiegnixed methods research, case studies, opinion pie&dslt
participants living with a chronic respiratory disease who would be eligible foFieR.
review will exclude articles not written in English, studies of maintenance programmes

/ selFmanagement programmes.

Methods: Scopus, MEDLINE, CINAHL and Cochrane Liblidrg searchedThe search
will be limited to English language from January 2011 to date. Studlebawncluded
in which participants completed tetehabilitationor were asked their thoughts

regarding teleehabilitation Data wil be extracted to a predeveloped templag.

Introduction

Pulmonary rehabilitation is a fundamental component in the management of chronic
respiratory diseasdDespite the overwhelming evidence to support the effectiveness
uptake and completion of PR is low worldwidesvack 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
attendanceand completion of programme3he percentage of nenompletion varied
across the studies from 9.7981.8%(Keating et al., 2011Yhe key themes identified
in the studies relating to reduced attendance were illness related to lung disease or
comorbid conditions, travel and transpdectors, lack of social support and lack of
perceived benefitCurrent smoking status and depression were the only two baseline

demographic factors which clearly increased the likelihood ofcampletion.

Much attention has focused on identifying barriers to attending and completing, but to
date there is little evidence available on the enablers to completindritfigbaek 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 reiRimgbaek 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 progresyRiragbaek

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 completiorSeveral 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 (tefehabilitation). Tel@ehabilitationhas 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 programmegtiming, travel, transport, parking) and also some of the patient
identified barriers includingccess to transport, personal commitments, current
smokers, exacerbation of illness orewrbidity. Thereare 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 thesele.

There is a growing body of evidence regarding the use ofdieébilitationwith a
range of different models being used including telephone, video conferencing and
mobile/web-based applicationsA recent Cochrane review has shown these

interventions are likely to be as safe and effective as traditional cdmdsed PR,
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however, the small number of studies with low sample sizes and methodological
heterogeneity makes this conclusion guardé&x et al., 2021What 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 inreHabilitation. 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.
¢KS AY 2F (KA& a02LMAy3a NBOASSs Aa (2 SEI
perspective of participating in telehabilitationin 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 Synthesias 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 iretehabilitation
2. Attitudes towards teleehabilitation

3. Willingness to use telehabilitation

4. Adherence and engagement with tedhabilitation

Keywords

Pulmonary rehabilitation, telerehabilitation, chronic respiratory disease, barriers,

uptake

Eligibility criteria

People living with a chronic respiratory condition who would be eligiblediarral to

PRIncluding COPD, ILD, asthma, bronchiectasis, pre and post lung surgery.
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Pulmonary rehabilitation (PR) delivered as telerehabilitatlanluding video

conferencing, SMS, web based, APP based, pbased interventions.

PR must include exercise training (6+ weeks), education anthaekligement.

What are the factors which impact of tehabilitation?

Types of Sources

This scoping review will consider both experimental and gemgerimental study
designs includingandomized controlled trials, nerandomized controlled trials,

before and after studies and interrupted tirgeries studies. In addition, analytical
observational studies including prospective and retrospective cohort studies, case
control studies and arigtical crosssectional studies will be considered for inclusion.
This review will also consider descriptive observational study designs including case

series, individual case reports and descriptive cesgional 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 articlesthend

index terms used to describe the articles were used to develop a full search strategy
for Scopus, MEDLINd 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 inclMEDLINE, 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 uploadedEntiNote
20.4and duplicates removed. Following a pilot test, titles and abstracts will then be
screened bysCfor 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 inclusenmacrit

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 tiaé $ooping

review and presented in a Preferred Reporting Items for Systematic Reviews and Meta

analysesextension for scoping review (PRISIEéR) flow diagrarTricco 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 reléoant
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the review questionThe draft extraction form will be piloted by SC and reviewed with

JR, DT prior to full data extraction.

A draft extraction form is provided he 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 fornA narrative summary will accompany figures and

tables.
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Appendix. Scoping Review Search Strategy

1

/' ht5 hw FadKYlF hw oNRYOKASOUGIl aAa
FAONRAA&E hw GOKNRYAO NBA&ALANI G2N

WSALIANI G2NB NBKFEOAfAGFGAZ2Y hw aGLI
NEKIFIOAfAGIOA2YE hw afdzyd NBKIFOACT

Telerehabilitaton ORtelNBE K 6 At AGF GA 2y hw YI St
AaYFNILK2YS hw ! LI hw 2yEAyS hw @
mobile OR homdéased OR remot®R telephone

Barrier* OR enabler* OR challenge* OR uptake OR compliance OR adhe
OR obstacle OR completion OR limitation* OR facilitator* OR success Ol

compliance OR attend OR attitude OR participation
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Appendix] Scoping Review Data Extraction Tables

Table 1. Studies reporting patient uptake of telerehabilitation studies

Author Country Study Design Participants PR Concept Uptake ofTelerehabilitation Comments
(year) (n.age, diagnosis) Screened  Not eligible Declined
Benzo USA RCT + qual 78 COPD Web-based 217 63
telephp ne Not interested (11)
coaching
Not tech savvy (5)
Lost to followup (30)
Time (6)
Bourne UK RCT 90 COPD Web-based 163 N=73 Only describes
(2017) (64 online:26 centre c.f. centre Oxygen levels (n = Participants who
based) based 36) wished to participate.
(MMRCK HZX B n Exacerbation (n= E
access to internet, ability 13) **significant number
to operate web platform) Comorbidities (n = €xcluded who
70 years ( 8) desaturated**
Cerdan Denmark  RCT 54 COPD Webbased 95 20 21 Adherence reported as
Delas (27 web:27 centrebased) C-f- centre (comorbidities high 82% but tool for
Heras 67 yrs 10) based n=4) measurement not
(2022) y described.
47% Emale (unable to do

telerehab n=4)

(not willing to do
protocol n=12)

Report matched ex

intensity to HR in real
time ¢feedback gave
better improvements.
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Author Country Study Design Participants PR Concept Uptake ofTelerehabilitation Comments
(year) (n.age, diagnosis) Screened Not eligible Declined
Chaplin UK RCT 103 COPD Web-based 641 244 294 + 54 of excluded Asked preference before
(2017) (51 web:52 centre) c.f. centre prefer centrebased  randomisation 38% pref
Recruited from PR and based web based.
mnths, ability to use based.
websites + email. Majority dropped out at
66 yrs 10) beg.
Cox Australia RCT 142 CRD VCc.f. 651 253 246 Large study. 23%
(2021) (68 VOB7 centre) centre- (Wantedcentre- recruitment.
68 yrs 0) based based n = 95) Adherence high in both
(no space n = 12) groups.
Grosbois France Retrospective 105 CRD Telephone 120 15 Phone or VC
(2021) audit 63 yrs orvVCc.f. NO 75% only had access to
PR (during telephone calls.
COVID)
Hansen  Denmark  RCT, 134 COPD VC c.f 1099 714 More completed PTR
(2020) 68 yrs 9) centre- (wanted centre than centre based.
MMROX2, recruited based based 251) Slightly higher adherence

from respiratory
departments,

in PTR.

Recruited real world
patients. Min exclusion
criteria.

Changes in CAT + HAD
relate to realtime
supervision (VC c.f. web
based)
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Author Country Study Design Participants PR Concept Uptake ofTelerehabilitation Comments
(year) (n.age, diagnosis) Screened  Not eligible Declined
Holland  Australia 166 COPD Telephone 295 58 67 Mod to severe CRD
(2017) (80 home based:88 c.f. centre (wantedcentre- Much higher completion
centre) based based n = 54) rate in telephone c.f
69 yrs 13) centre
Broad inclusion criteria
Many comorbidit
Adherence measured
with ex. Diary
Those that completed
either group had longer
to next admission.
Houchen UK Feasibility study. 100 AECOPD inpatient Web-based 2080 100 Main exclusion was  Screened
Wolloff Nonrandomised, \yep literate (used device C-f- No PR not web literate or Needed b be web
(2021) more than once per did not have email jiterate and regular email
week) address user.
71yrs(9)
Lahham  Australia RCT 58 mild COPD Telephone 982 letters
(2020) (29 ph: . c.f.centre  sentout
based
68 years
Lewis UK Service 17 CRD VC 25 14 PR inclusion made
(2021) evaluation Recruited from PR + Telephone (nointernetn=3)  Possible by digital suppor
Mixed methods  waitlist calls (digital confidence n provided. Intro session
design. 69 yrs (0) - 3) improved engagement.

Personal preference
(n=5)
Othern=14

214



Author Country Study Design Participants PR Concept Uptake ofTelerehabilitation Comments

(year) (n.age, diagnosis) Screened Not eligible Declined

Marquis  Canada Observational 26 COPDmod to severe) VC c.f. 77 31 20 High adherence rate.

(2015) study 65 yrs(7), 58%female No report of technology
Needed internet at home competence
Convenience sample.
No control

Nolan UK Nonrandomised 154 COPD Telephone 1593 154 chose home based
71 yrs(9)

Simony Denmark Nonempirical. 15 COPD VC 28 12

(2019) Referred to PR
62 yrs

Tsai Australia RCT 37 COPD VCc.fno PR 128 91 Excluded 39, declined 52

(2017) (20VC:? (unable touse Preferred centrebased
Referred to PR computer n =16) (4), excluded if on oxyger

_ or walking frame.

73 years ( Language (n =

(home

environment n =

12)

Note. Data presented as n or mean (SD)
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Table 2. Studies reporting patient perceptionpaticipating in telerehabilitation

Author (date) Country  Study Participant PR Concept Report Intent Report barriers  Report Content Preferences Comments
Design (n,age, diagnosis, / willingness enablers ~ recommendations
recruited from)
Almojaibel USA Survey 134 diagnosis Not clearly Yes. 61% Disease duration Perceived  Computer literacy  Age not a predictor
(2021) not stated defined positive usefulness  yture of intent, nor was
66 yrs (0) intent. travel time.
Attending PR Telerehab naiive
20% had never used
internet
Alwashmi Canada Mixed 77 COPD Web-based No Technical Perceived  Training in use of  Mobile phone
(2020) methodsq 65 yrs PR challenges benefits mHealth to build ownership highest
survey & oo ruited from Financial needs to be confidence (73%)
Interviews respiratory Privacy/security ~ €asy to use Low users of social
clinic. Lack of interest in need techn. media
telerehab. Support. Likelihood of owning

smartph related to
education
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Author (date) Country  Study Participant PR Concept Report Intent Report barriers  Report Content Preferences Gomments
Design (n,age, diagnosis, / willingness enablers  recommendations
recruited from)
Bairapareddy India Survey 30 COPD Web-based Yesg 70% Physio may not  More monitoring High level of interest,
(2021) 54 yrs 12) PR agree an get good convenient but concern about
All attended PR acceptable understand of to contact availability and
0 option. patient condition HCP. expertise of
é?:r\zhzbom Ease of use Save time. telerehab.
Language More
Financial cost. ~ accessible.
Dobson (2019) Nz Mixed 30 CRD Web-based No Yes Consideration to
methods- 7306 > 65 years PR peer support, digital
Survey & Attended AND literacy and
interview neverattended confidence Referral
PR by someone with
trusted relationship
Inskip Canada  Survey & 26 CRD Not defined.  No Social support Age not a predictor
(2018) Focus 71ys Demonstrated Communication of inteqt, nor was
groups 589 attended port_able with HCP travel time.
PR d(ra]vpesi Biosensors for Telerehab naiive
42% Did not gcg\fi‘&a pulse monitoring 20% had never used
attend dueto  oyimeters, Evolution of support INternet
travel pedometers
Most were smartphone
regular users of apps.

computer, %
regulr user of
smartph
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Author (date) Country  Study Participant PR Concept Report Intent Report barriers  Report Content Preferences Comments

Design (n,age, diagnosis, / willingness enablers ~ recommendations
recruited from)

Polgar (2022) UK Survey (x 2) 99 + 101 CRD  Web-based Yes Yes* Technical challenges

tn &8I N&PR and preference for

Referred to PR centre-based.
Seidman Australia  Survey 254 CRD VC Yes Yes Yes Age not a predictor
(2017) 73 ys (1) of intent, nor was

travel time.

Attended/ing PR

High users and Telerehab naiive

access to device: 20% hachever used
internet
Skibdal (2022) Denmark Mixed 84 COPD VC, Yes Believing the 28% willing to do
(2020 methods 70 years 9) telephone or benefits sig. assoc  telerehab (29%
2021) Survey & Al declined text with willingness. unsure, 43% not
interviews  centrebased PR TESSag€s Daily use of tech keen)
assoc with Most were daily
willingness. 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 & Country  Study Design Population Concept Outcomes Results Comment
Date (n,age, diagnosis)
Benzo USA RCT + interviews 78 8-week programme V waitlist Barriersg 96% would recommend to Older data 2Q6-
(2021) Home based v COPD control. others. 2018.
control. 69.4 yrs(8) Video guided exercises to do gpagplers: High acceptability + Adherence
Structured 6 days/week. coachingg satisfaction. measured as
interviews to Pulse oximetre+ step counter confidence, The coach listened and system use >1
ransom sample of Health coaching = weekly ~ SUPPOIt, increased their confidence. ~ feature
participants. telephone calk, review encouragement, | jked the technology. Weekly phone
activity + symptoms + define m_terested in them, Liked to see progress. calls
goals. aided technology -~ - hing(1) gave Effective because
Goals to visualise progress use encouragement breathing

+support,(2)accountability (3) ipwprov?d a’]d )
troubleshooting technology UKl GQa gt
allowing them to engage in would

programme. recommend.
Burkow Norway Mixed methods; 10 VC + phone calls Acceptabilityg High attendance at online Technical training
(2015) Interviewsg semi COPD Assessed inperson Attendance at sessiong;, enjoyed the and tech support
structured with Recruited from  9-week internet enabled PR, Sessions education sessions and learnt given.
open and closed - from each other. Small sample
tion PR 1 x wk education one hour ~ Peérceptions of _—
questions. 617 yrs _ i . delivery mode and Step counterg motivating for A frequent
questionnaires ' 2 x online ex sessions 30 mir components of the 9grade 3 and below, mixed computer user
warm up/strength+endurance 1 me results for the grade 4. Quite severe
exs, interval training. Lo
T Valued the individual COPD (4 LTOT)
Online |n(_j|V|duaI consultation.
consultations weekly 16

15mins. No technology concerns
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Author & Country  Study Design Population Concept Outcomes Results Comment
Date (n,age, diagnosis)
Lahham  Australia Interviewsq 13 Phone based Facilitators and Improved wellbeing; physical Nested in large
(2018) individual semi COPD Initial assessment, 1 home barriers to symptoms + mood RCT.
structured From HomeBase Visit with PT, participants adherence with  Fexibilityg reduced burden
interviews with trial exercise 30 minutes most ~ HomeBased PR (travel + $), timing; keep own
open ended 66.4 yrs days of week, given exercise commitments
questions. ' ' diary and pedometer. Social support, from Pt but
1 conpleted PR . .
.. Seven weekly phone calls also family and friends
before, 12 naiive _
to PR from PT Challenges; getting started,
unable to complete the
exercise or needing variety
Hoas Norway Survey + focus 10 VC + webpage Adherenceglogs  Adherenceg no dropouts 8/10 used internet
(2016) groups COPD Exercise 3 x wk for 30 mins. 0N webpage All had breaks but came back €very day.
i ndividually prescribed, warm Factors affecting  to programme
Recruited from  Individuall ibed F ffecti Physician selected
inpatient PR gp/walkinglinter\(/jals/::ool sztrisfaction + Health benefits gﬁge;;tg%rzt;ﬁ
programme. own. Tablet and pulse adherence+ ,
55vrs oximeter for monitoring + potential service Improved_ sel_fefﬂce_lcy was voluntary
) yrs. bR daily symptom diary. improvements _Commum(;atlonfwnh Hg‘? 3 had LTOT
-year . . important for safety an
programme Vvyr?:ﬁg dvai:ssgjgnnewxgrr]cf; ; increasing confidence
symptom data. Motivation -
Houchen UK Semi structured 14 inpatient Web SPACE for COPD Preparing for, Technical challengeseven tho Needed to be web
Wollooff interview COPD engagement with  they passed screening test. literate.
(2021) 71 yrs (9) and benefits of Did not use VC or

porgramme

email the
teamNested in
larger study
(n=100).
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Author & Country  Study Design Population Concept Outcomes Results Comment
Date (n,age, diagnosis)
Simony Denmark Observational study 15 COPD Given tablet + SIM card + Highest adherence with group
(2019) 62 yrs exercise equipment based exercise c.f individual
47% female Supervised group exercise phone consults.
Individual phone call Enablerg reduced travel and

time burden

Flexibility in comm with HCP

allowed managing exac and

everyday challenges better.

**need shared session with

close relatives **
Tsai Australia Survey + interview. 11COPD VC One questionnaire Highest ratingtimeliness and  Extensions of
(2016) 73 yrs (8) One hour exercise, 30x wk fo (CS@)and two convenience Lowest use of  TeleR study

purposebuilt
surveys + semi
structured
interview which
expanded on
questionnaires.

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
phonetechnical support.

No formal education
provided.

equipment and interaction
with others.

Enjoyed haing others to
exercise with through VC

random sample
from quant study.

-Equipment easy to sue, excef
3 people with internet
problems.

-convenience for those working
and reduced costs

-health benefits attributed to
supervision of PT
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Author & Country  Study Design
Date

Population
(n,age, diagnosis)

Concept

Outcomes

Results Comment

Whittaker NZ
(2021)

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)

NB L2 NI SR dzaS¥Td
motivation and empowerment.
Felt supported

Increased awareness and
knowledge

Barriers

Exercise too hard, need variet
more personalised, more
feedback. Technical issues.

Note. Data presented as n or mean (SD)
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AppendiXX Scoping Review PRISMA Checklist

Table 4. Preferred Reporting Items for Systematic reviews andMuetiyses extension for Scoping Reviews (PRE&IRAChecklist

SECTION ITEM PRISMAScR CHECKLIST ITEM REPORTED Ol
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 54

evidence, charting methods, results, anohclusions that relate to the review questions and objectives.
INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. Explain why the review 55
questions/objectives lend themselves to a scopiegiew approach.
Objectives 4 Provide an explicit statement of the questions and objectives being addressed with reference to their key eleme¢ 56

(e.g., population or participants, concepts, and context) or other relevant key elements useddeptualize the
review questions and/or objectives.
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 a 57
provide registratiorinformation, including the registration number.

Eligibility criteria 6 Specify characteristics of the sources of evidence used as eligibility criteria (e.g., years considered, language, i 56
publication status), and provide a rationale.

Information sources* 7 Describe all information sources in the search (e.g., databases with dates of coverage and contact with authors 57-58
identify additional sources), as well as the date the most recent search was executed.

Search 8 Present the full electronic search strategy for at least 1 database, including any limits used, such that it could b Click here to
repeated. enter text.

§e[ectiQnAof sources of 9 State the process for selecting sources of eviddnee screening and eligibility) included in the scoping review. 57

SOARSYOSK

541 OKI NI Ay 10 Describe the methods of charting data from the included sources of evidence (e.g., calibrated forms or forms tt 57

have been tested by the team before their use, and whether data charting was done independently or in duplici
and any processes for obtairgj and confirming data from investigators.
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SECTION ITEM PRISMAScR CHECKLIST ITEM REPORTED Ol

PAGE #
Data items 11  List and define all variables for which data were sought and any assumptiossnaplifications made. 57-58
Critical appraisal of 12  If done, provide a rationale for conducting a critical appraisal of included sources of evidence; describe the mel n/a
individual sources of used and how this information was used in any data synthesis (if appropriate).
evidence§
Synthesis of results 13 Describe the methods of handling and summarizing the data that were charted. 58
RESULTS
Selection of sources of 14  Give numbers of sources of evidence screened, assessetidiility, and included in the review, with reasons for 58
evidence exclusions at each stage, ideally using a flow diagram.
Characteristics of sources 15  For each source of evidence, present characteristics for which data were chartguicide the citations. appendix
of evidence
Critical appraisal within 16 If done, present data on critical appraisal of included sources of evidence (see item 12). n/a
sources of evidence
Results of individual 17  For each included source of evidence, present the relevant data that were charted that relate to the review que 61-64
sources of evidence and objectives.
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 70-71, 76
review questions and objectives, and consider the relevance to key groups.
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 pc 80
implications and/or next steps.
FUNDING
Funding 22  Describe sources of funding for the included sources of evidence, as well as sources of funding for the scoping Click here to
Describe the role of the funders of the scoping review. enter text.

224



Appendix. Formative Study

JMIR FORMATIVE RESEARCH Dobson et al

Criginal Paper

Understanding End User Perspectives of Mobile Pulmonary
Rehabilitation: Formative Studies

Rosie Dobson', PhD; Pauline Herbst”, PhD: Sarah Candy’. PGDipHealthScience: Tamzin Brott’, MHS¢. MBA: Jeffrey
Garrett’, MBChB. FRAC: Gayl Humphrey', MSocSc; Julie Reeve’, PhD; Merryn Tawhai®, PhD: Denise Taylor®,
PhD; Jim Warren®, PhD; Robyn Whittaker'?, PhD

INational Institute for Health Innovation, University of Auckland, Auckland, New Zealand
“Waitemata District Health Board, Auckland, New Zealand

3Counties Manukau District Health Board, Auckland, New Zealand

4School of Clinical Sciences, Auckland University of Technology, Auckland, New Zealand
S Auckland Bioengineering Institute. University of Auckland, Auckland, New Zealand
Sgchool of Computer Science, University of Auckland, Auckland, New Zealand

Corresponding Author:

Rosie Dobson, PhD

National Institute for Health Innovation
University of Auckland

Private Bag 92019

Auckland Mail Centre
Auckland, 1072

New Zealand

Phone: 64 9 3737599

Fax: 64 9 3731710

Email: r.dobson@auckland.ac.nz

Abstract

Background: Pulmonary rehabilitation (PR) is an effective intervention for the management of people with chronic respiratory
diseases, but the uptake of and adherence to PR programs is low. There is potential for mobile health (mHealth) to provide an
alternative modality for the delivery of PR, overcoming many of the barriers contributing to poor attendance to current services.

Objective: The objective of this study was to understand the needs, preferences, and priorities of end users for the development
of an adaptive mobile PR (mPR) support program.

Methods: A mixed methods (qualitative and quantitative) approach was used to assess the needs, preferences. and priorities of
the end users (ie. patients with chronic respiratory disorders) and key stakeholders (ie. clinicians working with patients with
chronic respiratory disorders and running PR). The formative studies included the following: (1) a survey to understand the
preferences and priorities of patients for PR and how mobile technology could be used to provide PR support, (2) ethnographic
semistructured interviews with patients with chronic respiratory disorders to gain perspectives on their understanding of their
health and potential features that could be included in an mPR program. and (3) key informant interviews with health care providers
to understand the needs, preferences, and priorities for the development of an mPR support program.

Results: Across all formative studies (patient survey, n=30; patient interviews. n=8: and key stakeholder interviews, n=8), the
participants were positive about the idea of an mPR program but raised concerns related to digital literacy and confidence in using
technology. access to technology. and loss of social support currently gained from traditional programs. Key stakeholders
highlighted the need for patient safety to be maintained and ensuring appropriate programs for different groups within the
population. Finding a balance between ensuring safety and maximizing access was seen to be essential in the success of an mPR
program.

Conclusions: These formative studies found high interest in mHealth-based PR intervention and detailed the potential for an
mPR program to overcome current barriers to accessing traditional PR programs. Key considerations and features were identified,
including the importance of technology access and digital literacy being considered in utilizing technology with this population.

(JMIR Form Res 2019;3(4):e15466) doi: 10.2196/15466
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Introduction

Chronic obstructive pulmonary disorder (COPD), an umbrella
term for a range of debilitating respiratory diseases [1]. is the
fourth leading cause of mortality worldwide [2]. In New Zealand
(NZ), COPD affects approximately 14% of adults aged =40
years [3]. M ori. the NZ indigenous population. as well as ethnic
minority groups and those from socioeconomically deprived
groups are disproportionately affected by COPD with higher
prevalence rates and hospitalizations and are more likely to die
from the condition [2.3].

One of the most effective interventions for COPD is pulmonary
rehabilitation (PR). an evidence-based. interdisciplinary
intervention that is a key component in the management of
people with respiratory diseases [4]. PR is a formalized
structured program comprising. but not limited to. exercise
training, education. and behavior change, and it is designed to
improve a patient’s physical and psychological health and
encourage engagement with health-enhancing behaviors [5].
PR is an individually tailored intervention based on thorough
patient assessment, which is typically delivered in group
programs in hospital or community settings. PR has been clearly
demonstrated to improve breathlessness and health-related
quality of life and reduce hospital admissions for exacerbations
of COPD [4.6]. Clinical guidelines strongly recommend the
uptake of PR by all patients with COPD, particularly following
hospital admissions [7]. Despite this, and PR programs being
available across nearly all regions of NZ. the uptake of. and
available across nearly all regions of NZ, the uptake of. and
adherence to. PR programs in NZ is poor [8]. It was estimated
that in 2012. <1% of all patients with COPD were participating
in PR in NZ [8]. Poor attendance and adherence to PR programs
is common internationally. Previous literature has suggested
that this is because of transportation, lack of perceived benefit,
depression. and the interruption to the patient’s daily routines
[9-11]. In addition. many patients experience significant barriers
to accessing PR services. especially those living in rural areas
and where transportation to a central service may be
unaffordable or unavailable. Home-based PR programs have
been shown to overcome some of these access barriers for
people with chronic respiratory diseases [12-14].

There is potential for mobile health (mHealth) to provide an
alternative modality for the delivery of PR. overcoming many
of the barriers contributing to poor attendance to current
services. By utilizing mobile technology. PR can be made
available to people within their everyday lives at times and
places most suitable to the patient, removing the barriers
associated with transport. timing, and location. There is a wealth
of evidence for the use of mabile technology to deliver health
interventions to people with chronic conditions including the
delivery of rehabilitation interventions, self-management support
programs. behavior change interventions, and supportive care
[15-18]. Not only does mHealth allow for individually tailored
interventions to be easily delivered in a cost-effective way but
also it has potential for interventions to be adapted over time
as individual needs and characteristics change [19].

‘http:/formative jmir.org/2019/4/e15466/
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When developing new mHealth tools. engagement with end
users in the design is essential. By incorporating the perspectives
of end users. it ensures the intervention will meet the population
need and enables it to be tailored to specific cultural needs.
contexts, and levels of technology access [20]. When end users
are not considered in the design, it can contribute to poor uptake
and use of tools [21]. Furthermore, it is important that formative
research. including adequate description of the population
context, is reported in the development of new mHealth
interventions [22]. Formative research provides the basis for
designing tools to meet user needs within system constraints
and the local context.

This study aimed to understand the needs. preferences. and
priorities of end users for the development of a mobile PR
(mPR) support program. Specifically. it aimed to understand
(1) the preferences and priorities of patients for PR and how
mobile technology could be used to provide PR support and (2)
the needs, preferences. and priorities of health care providers
including physiotherapists, respiratory physicians. primary care
nurses, and general practitioners (GPs).

Methods
Study Design

This cross-sectional study utilized a mixed method (qualitative
and quantitative) approach incorporating surveys and interviews
to assess the needs. preferences. and priorities of end users and
key stakeholders. The study was split into 3 parts—(1) patient
key stakeholders. The study was split into 3 parts—(1) patient
survey. (2) patient interviews, and (3) key stakeholder
interviews—and was conducted between July and December
2018.

Ethical Approval

Ethics approval was obtained from the NZ Health and Disability
Ethics Conunittee (18/NTA/105). Research approval from each
District Health Board (DHB) from which patients were recruited
was also obtained. Written informed consent was obtained from
survey and interview participants before their participation in
the studies.

Part 1: Patient Survey

Inclusion Criteria

Inclusion criteria were adults with chronic respiratory disease
who would be eligible for PR. able to read and understand
English. and provide informed consent.

Recruitment and Procedures

Potential participants were identified by clinicians at 2 DHBs
in the Auckland region. NZ, through respiratory outpatient
clinics and inpatient services. Eligible participants were given
a letter about the study. the information sheet, and consent form.
By selecting patients from this defined subgroup, we were more
likely to define patients who had either been invited to attend
or had attended a rehabilitation program. Those interested in
participating provided informed consent before completing the

JMIR Form Res 2019 | vol. 3 | iss. 4 | 15466 | p. 2
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survey via 1 of 3 methods: (1) on the web via the study website,
(2) over the phone with a member of the research team. or (3)
on paper. Surveys completed by phone or on paper were entered
into the Web-based version of the survey by the researcher.

Survey Design

The survey comprised 4 parts and contained both closed- and
open-ended questions to allow participants to elaborate on their
answers: (1) your health including diagnosis, attendance at PR,
and barriers to attendance and completion of PR: (2) technology
access. including current use and access to technology and
devices: (3) technology and pulmonary support, including
perceptions of mPR, preferences for technology-based support,
and perceived barriers and benefits to technology-based
pulmonary support; and (4) demographics, specifically age
group. gender, and ethnicity.

The survey was designed in paper format and then uploaded
into REDCap software (v8.5.0). It was pretested by the research
team and a selection of patients before finalization.

Part 2: Patient Interviews

Inclusion Criteria

Survey participants who had consented to be contacted for future
research following completion of the survey were eligible for
inclusion in an interview.

Procedures

Patients who completed part 1 of this study and identified that
they were happy to be contacted about further research were
contacted to invite them to take part in an interview. Participants
provided informed consent to participate as well as consent to
access medical records related to their eligibility for PR.
Interviews were conducted in person. or over the phone, by a
trained interviewer (PH) at a time and location convenient to
the participant. If needed. interviews were split over multiple
sessions to reduce burden for participants. Notes were taken by
the researcher during the interviews, and the interviews were
recorded to supplement the notes. At the end of the interview
process. the participants were offered a NZ $20.00
(approximately US $13.00 or €11.50) voucher for their time.

Interview Design

Ethnographic, semistructured interviews were undertaken. The
interviews were designed to explore in-depth beliefs and
perceptions of chronie respiratory disorders and their treatments,
perspectives on potential features of an mPR intervention. and
patient understanding of their health.

hitp://formative jmir org/2019/4/e15466/
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Part 3: Key Stakeholder Interviews

Inclusion Criteria

Inclusion criteria were clinicians managing patients with COPD
and other chronic pulmonary disorders (eg. bronchiectasis and
interstitial lung disorders). able to read and understand English.
and able to provide informed consent.

Procedures

Potential participants were identified through respiratory and
PR services by coinvestigators RW, PH. SC. and JR and invited
to take part via email. Interviews were conducted in person or
via phone at the participant’s preference by a trained interviewer
(RD) and were between 30 min and 1 hour in duration. Notes
were taken by the interviewer, and the interviews were recorded
to supplement the notes.

Interview Design

Interviews were semistructured and designed to cover the current
use of technology in care of people with chronic respiratory
conditions, experiences with PR, and perceptions of mPR
including enablers and barriers.

Statistical Analysis

Quantitative data from the survey were analyzed and
summarized using descriptive quantitative analyses including
means, standard deviations, and proportions. Qualitative
comments were analyzed using a simple. general inductive
thematic approach to identify common themes and meanings
from the data. Only completed surveys were included in the
analysis. Prioritized ethnicity was used as recommended by the
NZ Ministry of Health for the reporting of ethnicity data; only
1 of the ethnic categories nominated by the participant was used
according to a predetermined hierarchy (M ori, Pacific Islander,
Asian, European. and other ethnic groups. in order of
prioritization).

Results

Part 1: Patient Survey

There were 34 entries to the survey site from which 30 people
consented to take part and completed the survey. Slightly more
than half of the sample were male (17/30. 57%). and the majority
were aged >65 years (22/30. 73%: Table 1). Over one-third of
the participants identified as M ori or Pacific Islander (11/30,
37%). Approximately half the sample reported that they had
been diagnosed with COPD (16/30. 53%). A total of 7 (7/30.
23%) participants reported that they were unsure, or did not
know. their diagnosis.

JMIR Form Res 2019 | vol. 3 | iss. 4 |e15466 | p. 3
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Table 1. Demographic and clinical characteristics (N=30).

Dobson et al

Characteristics Participants, n (%)
Gender
Male 17 (57)
Female 12 (40)
Did not answer 1(3)
Ethnicity
New Zealand European 17(57)
M ori 7(23)
Pacific 4(13)
Asian 0(0)
Other 1(3)
Did not answer 1(3)
Age (years)
<45 0(0)
45-54 3(10)
5564 4(13)
65-74 10 (33)
75-84 12 (40)
>85 0(0)
Did not answer 1(3)
Patient-reported diagnosis
Chromic obstructive pulmonary disorder 16 (53)
Emphysema 3(10)
Bronchitis 1(3)
Pulmonary fibrosis 1(3)
Bronchiectasis 1(3)
Asbestosis 1(3)
Do not know or unsure 7(23)

Pulmonary Rehabilitation

Participants were asked if they had attended a PR program.
Almost half (14/30. 47%) reported that they had completed PR
or were intending to complete it in the future. Nearly a quarter
of participants (7/30, 23%) had started a PR program but had
not completed it. The reasons for not completing the program
included issues related to location and transport (n=2). timing
of the sessions (n=2). being hospitalized (n=2). and other
commitments (n=1). A total of 3 participants (3/30, 10%) were
offered PR but did not attend because of transport (n=2) or other
commitments (eg. having to care for grandchildren: n=1). The
remaining 6 (6/30, 20%) participants reported that they had not
been offered PR or did not remember being offered PR.

Access to Technology

Participants were asked about their access to digital devices (eg,
mobile phones. tablets, computers, and sensors) for personal
use. with all but 4 (4/30, 13%) participants reporting having
access to a mobile phone. Of those who had a mobile phone,

http:/formative jmir org/2019/4/215466/
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the majority had a smartphone (20/26. 77%) and the remainder
(6/26.23%) a mobile phone without internet capability. Of those
that had a smartphone. only 60% (12/20) reported having access
to the internet on the smartphone all the time. A total of 5 (5/20,
25%) had access to the internet on the phone sometimes, 2 (2/20,
10%) not at all. and 1 (1/20. 5%) did not answer.

One-third of the sample (10/30, 33%) reported having access
to a tablet for personal use. 14 (14/30, 47%) a computer (ie.
laptop or desktop). 2 (2/30. 7%) a Fitbit or other fitness tracking
device, and only 1 participant reported access to no devices for
personal use. A total of 23 (23/30. 77%) participants reported
access to internet at home. and an additional 3 (3/30, 10%)
reported they sometimes had access to internet at home. There
were 4 (4/30. 13%) that had no access to the internet at home

In relation to the use of technology-based devices and tools to
manage health. there was only 1 participant (1/30. 3%) that
reported using an app. 1 (1/30, 3%) who reported using a smart
watch. 3 (3/30, 10%) used a fitness tracking device, and 4 (4/30.
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13%) a peak flow meter. A total of 20 (20/30. 67%) participants
reported no use of these tools to manage their health.

Technology and Respiratory Health Support

Participants were asked about their perceptions of a
technology/mobile phone program that would allow people to
receive PR support at home. The majority (23/30. 77%) reported
that they liked this idea. and 7 (7/30. 23%) did not like the idea.
The proportion of those that liked the idea was highest in M ori
participants (6/7, 86%) compared with NZ European (13/17.
77%) or Pacific (2/4, 50%). Those that liked the idea (n=23)
were asked what they liked about the idea. The most common
theme was around the access at home meaning no need to travel
(n=10). and others reported the cost reduction related to parking
and travel (n=3), being able to access the program wherever
and whenever (n=1), less embarrassment within the home (n=1).
and that family would be able to help and be involved (n=1):

Privacy—den’t  have to  be  embarrassed.
[45-54-year-old male. ID number 27]

Would malke it easier as would not have to travel in
bad weather. [75-84-year-old male. ID number §]

The convenience. At the moment, travel outside the
home is quite onerous for me. [65-74-year-old male.
ID number 9]

Familywould be able to help Dad ro do this at home.
[75-84-year-old male, ID number 25]

Would have saved me some trips... Transport is hard
for people, don't have a car. [45-54-year-old male,
ID number 27]

There were 5 participants whose responses were moderately
supportive of it being a good idea and 3 who did not answer the
question. In addition. 3 participants identified concerns around
the proposed idea potentially resulting in less social contact and
less access to health care professionals:

Dobson et al

Sounds good although I do like meeting other people.
[65-74-year-old female. ID number 33]

But it is good to meet other people and learn from
others. [65-74-year-old female, ID number 22]

Those that did not like the idea (n=7) were asked the reason.
with the most common theme being that they found technology
too difficult/hard (n=3). Other themes included not having
internet (n=1). wanting the company/social aspect of an
in-person group program (n=l). or preferring to go to the
hospital (n=1). A participant did not provide a reason:

Too hard fo use compufer. [75-84-year-old male. ID
number 18]

No internet at home. [ 55-64-year-old male, ID number
19]

I would feel isolared, when vou are older vou need
company. [75-84-year-old female, ID number 21]

Participants were asked about the features they thought would
be helpful to include in the proposed program. Of those that
liked the proposed idea and who responded to the question
(n=22). 19 (19/22. 86%) selected tips and suggestions for
managing their breathing. 17 (17/22. 77%) information and
education about their condition. 12 (12/22, 54%) access to their
health information. 11 (11/22, 50%) tracking of their health
data, and 9 (9/22. 41%) motivational and support messages. A
total of 23 (23/30. 77%) reported that they would consider
wearing a sensor (eg. a Fitbit or activity tracker) as part of an
mPR program. and 22 (22/30, 73%) reported that they would
want the program to be linked into their existing health record
and information so that the program could be tailored to their
individual health condition and treatment.

Participants were asked to identify the barriers to using the
proposed mPR program (Table 2). The most common barrier
was concern about not being comfortable or confident using
technology.

Table 2. Barriers to using a mobile pulmonary rehabilitation program (N=30).

Barriers Participants, n (%)
No barriers 6 (20)

No access to technology 5(17)

Do not feel comfortable using technology 11 (37)

Security concerns regarding my health information 3(10)

Not interested 1n this type of support 3(10)

Could increase worry and anxiety 1(3)

Would not be useful if not translated 1(3)

When asked about the perceived benefits of using technology
to support people with health conditions in the community, the
majority (25/29. 86%) identified the convenience of having
access at any time or anywhere as a benefit. There were 15
(15/29. 52%) participants who identified the benefit of being
able to involve/include family/whanau. and 4 (4/29. 14%)
identified feeling more comfortable not being in the group or
clinical environment.
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Part 2: Patient Interviews

A total of 8 patient interviews were conducted. Participants
included 2 women (2/8. 25%) and 6 men (6/8, 75%), with 2 of
the 8 (2/8, 25%) individuals identifying as M ori and the
remaining (6/8, 75%) as NZ European. The majority were aged
75 to 84 years (4/8, 50%), 2 (2/8, 25%) aged 65 to 74 years.
and the remaining (2/8. 25%) aged 45 to 54 years. Participants
were registered across 2 DHBs and interviewed at home (2/8,
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25%). in the hospital (5/8. 63%). or via phone (1/8, 13%).
Analysis of the interview data is summarized in 4 major themes.

Condition and Health

Participants identified themselves as having COPD, emphysema,
and asbestosis. but only 6 participants were able to clearly
describe their diagnosis and treatment. Diagnosis was reported
as being a shock to receive: however, this shock did not
necessarily change behavior:

Well I didn’t know much about it, so it didn't make
much of a difference to me. I continued smoking,
didn’t I? [75-84-year-old male. ID number 4]

I knew from the dayv he said that, that things were not
so good for me. [75-84-year-old male, ID number 6]

Participants described COPD affecting all facets of their lives
negatively. Despite this, all expressed some form of resilience
and stoicism during the interviews:

It affects evervthing: social, mental, phvsical.
[75-84-year-old female. ID number 5]

It can't be cured vou just have to live with it and get
on with life and do what vou've got to do.
[75-84-year-old male. ID number 2]

I'm pretey lnanble with it. I've lived a pretiv good life.
[45-54-year-old male, ID number 3]

Ounly 2 participants showed some degree of understanding of
their test results., and the remaining participants did not
understand the results of their tests: they knew what their
diagnosis was but found the presentation of the test results
difficult to comprehend. All participants struggled to remember
which tests had been conducted and at which point in their
illness trajectory:

Honestlv, I just go when I am told to go and have it

done, and that’s it. [ 75-84-year-old female, ID number

5]
Of the 8 participants, 7 were ex-smokers and acknowledged
this as a contributing factor to their current respiratory condition:
however, 5 offered additional environmental factors as
contributors including asbestos and work environments.

Pulmonary Rehabilitation

All patients interviewed had some experience of hospital-based
PR programs. A total of 2 had completed programs within the
past 3 years, 2 had started but stopped indefinitely because of
hospitalization. 3 were in the process of completing an 8-week
program. and 1 had tried a program over a decade previously.
All but 1 reported enjoying the programs:

Iwish I had done it eariier: [75-84-year-old male. ID
number 2]

I love it. I wish they had it 12 months of the vear.
[65-74-year-old female. ID number 7]

Yeah, 1 enjov the exercise. It's just a matter of geiting
vour mind in the right place. I get up and I do it and
I feel a lot berter afterwards. [65-74-year-old male,
ID number 1]
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Reasons for this included socializing during the training. being
able to compare progress and daily lived experiences with others
with a similar condition. compassionate and dedicated staff who
were known to the participants, and both a measurable and
perceived improvement in physical ability. However. a
participant reported anxiety and an increased sense of
vulnerability after he was transferred to community support,
following completion of the hospital-based PR program, arising
from inconsistency in times and scheduling. different staff
members at each visit. and a decreased sense of support.

Technology-Based Pulmonary Rehabilitation

All but 1 of the participants (7/8. 88%) described that they
preferred to be offered a PR program in person at the moment
of diagnosis by a medical professional they trusted and had an
existing relationship with, rather than when in hospital with an
exacerbation:

When vou're really sick and they come at you, like

the phyvsio comes, and this one comes, and that one

comes, and vou just feel like being left alone, I felr,

Just leave me alone sort of thing... mavbe after being

first diagnosed. [75-84-year-old female, ID number

5]
The main barrier to mPR was a perceived incompetence with
technology and a fear that this would be difficult to work with;
however. 6 participants appeared to be confident of texting
during interviews, and 4 talked about using Facebook to
communicate with family. A participant enjoyed using health
apps to measure the aspects of his health.

Feature suggestions for mPR included knowing which part of
the body exercises were targeting, with the most ambitious
proposals suggesting:

I think vou should give them every feature that vou
can and mavbe give them the option to choose...
incorporating videos of people doing it and how they
started and then how they finished... a motivational
start, and then a talk and showing “look at me, now
I can run two kilometers. [45-54-year-old male. ID
number 3]

Imaging

During the interview, participants were shown a model of the
lung [23.24] and an interactive website [25]. The subsequent
discussion revealed the underlying power of visual imagery to
reveal the mruth of diagnosis, with patients reporting that they
struggled to accept their diagnosis until they saw an image and
that seemed more 7eal than paper. which they saw as a tool for
the medical professional:

I didn’t get how bad my lungs were until I saw it.
[45-54-year-old male, ID number 3]
She said “Thave vou ever seen vour lung? " and shovwed
me this x-rav and I thought, “wwhoa.” [75-84-year-old
male, ID number 2]
A participant said she had never been shown an x-ray or image
of her lungs and insisted that this would have caused her to stop
smoking earlier.
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Part 3: Key Stakeholder Interviews

A total of 8 key stakeholder interviews were completed. Key
stakeholders included 2 doctors (ie. GP and respiratory
specialist). 2 nurses, 3 physiotherapists. and 1 health
psychologist. Participants worked across either predominantly
urban (5/8. 63%) or predominantly rural (3/8. 37%) populations.
A total of 5 (5/8, 63%) participants were directly involved in
the delivery of PR. whereas the remaining 3 (3/8. 37%) were
involved in referring patients to PR services.

When asked about their perceptions of patients’ understanding
of COPD, all acknowledged that it was generally poor. A total
of 3 participants acknowledged that understanding varied. and
those that had attended PR or sought health information through
the internet had a better understanding. Common tools for
explaining COPD to patients included handouts and pamphlets
(n=3). Web resources (ie. websites and YouTube videos: n=2).
drawings and models (n=2). and patient scans (n=1).

Mobile Pulmonary Rehabilitation

All participants thought that a technology- or mobile-based PR
program was a good idea. particularly for overcoming the
barriers their patients currently experienced to attending PR.
However. the majority of the participants also raised concerns
that an mPR program would lack the social element and not be
suitable for some groups such as older patients or those with
limited confidence and access to technology.

Participants were asked how they felt an mPR program would
fit nto current models of care. Responses could be grouped into
3 main categories: (1) an alternative service to increase the
access to PR for those that were not able to attend current
services, (2) a maintenance program following traditional
m-person PR programs. and (3) a combination/mixed model of
care where patients used an mPR program to complement the
in-person program. All participants reported that an mPR
program should include the following components: (1)
education. (2) exercise information, (3) motivation and support,
(4) the ability to view personal health information/data. and (4)
monitoring of health behaviors.

Other components identified by the participants for inclusion
in an mPR program included health psychology content.
medication reminders, personalized action plans. step-by-step
videos, social features, sharing of information between patient
and health care professional. and general self-care information.
Participants also identified that it would be essential for a
program to be both individually and culturally tailored.

When asked about the different technologies the potential
program should utilize. many different technologies were
identified including sensors, smart inhalers. apps. and text
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messages. But consistent across all participants was that the
technologies used needed to consider differing access to
technology. devices. and data. as well as confidence with using
technology:

Important to use mobile phone as a lot of people won't
have anvthing else. [ID number 1]

An app would be a good way of doing it... Sensors
are useful jor helping patients to see progress fo
goals. [ID number 2]

Text messages are easy for patients fo get, older
patients to get, minority populations do not tend fo
have a lot of money on their phones. [ID number 3]

A lor of people don’t have interner ar all. We fext or
phone them, they aren’f able to text, call as they have
no monev on their phones. Soime people don’t even
have mobile coverage... [ID number 6]

We already use SMS, people are used fo geiting text
messages. [ID number 7]

There were conflicting views from participants around how an
mPR program should be accessed. A participant felt that
referrals should be through the same avenues as current services
to ensure safety was prioritized. and only people who were
appropriate were accessing the program. Others felt that in
addition to clinician referrals, patients should be able to access
it directly to reduce barriers to access. There was only 1
participant who felt that clinicians should not be involved in
referring to the program at all because of concerns that the
clinician would need to then provide technical support:

Referred [by a clinician] is best rather than
self-referral, ensures that the info will be right for
that patient. Same criteria as current groups. [ID
number 1]

Shouldn 't put up a barrier of the clinician referrving
them. Especially if they can't afford to see their GP.
[ID number 2]

Anvone should be able to have access to it but there
needs to be some sort of way of knowing people are
safewith it, that they are safe to exercise. [ID number
4]

Patients should be able to access it themselves. Health
care professionals could promote it but don’t want
fo become IT support. [ID number 5]

Finally. participants were asked about the potential
barriers/downsides to an mPR program. All but 1 participant
(7/8. 88%) reported concemns relating to the digital divide.
including access to technology and the confidence to use it. A
full list of barriers identified can be seen in Table 3.
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Table 3. Barriers to using a mobile pulmonary rehabilitation program (N=8).

Barriers Participants, n (%)
Digital divide 7(88)
The lack of the social/group environment 6 (75)
Lack of relationship between clinician and patient 4(50)
Safety for patients not being supervised 2(25)
Patient compliance to the program 2(25)
Health care professional digital hiteracy 1(13)
Successful marketing and promotion of the program 1(13)
Patient access to exercise equipment 1(13)

Discussion

This study aimed to identify the needs, preferences, and
priorities of end users in the development of an adaptive mPR
support program. A survey of patients. together with interviews
of patients and key stakeholders, found a common interest in
an mPR program. The potential for mPR overcoming barriers
to accessing traditional PR programs was highlighted. These
findings are consistent with previous research reporting high
acceptability of digital health tools in patients with chronic
respiratory conditions [26-28].

This formative study has identified important aspects of our
target audience and their diversity of needs. Some have low
access to digital technology as well as low digital literacy and
confidence, although most would like the option of a
technology-delivered program. Needs include support during

balance between ensuring safety and maximizing access is vital
to ensure that an mPR program overcomes the barriers and
increases access to PR support. Although the majority of the
participants in the survey and interviews had attended PR or
intended to. this study has identified a range of barriers to
traditional in-person PR services that align with the previous
studies [9-11]. These barriers related to transport and timing
can be overcome with an mHealth alternative

It 1s important that these findings are interpreted in light of the
study’s limitations. including the small number of participants
surveyed and interviewed. the potential sampling bias in those
who agreed to participate, and the patients who participated
having a higher proportion accessing PR services than the
general population categories. It is likely that those patients
who did participate had more interest in mHealth: therefore,
engagement with this type of tool may be lower in the wider
population. Pretesting of an mPR program with a wider patient
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